Which Shells Enter the High-Fee Tier? Logit Evidence on LEO Congestion Pricing Bands
Abstract
This paper converts shell pressure into a discrete policy question: which parts of low Earth orbit belong in the highest orbital-use fee tier? Using the same 72 shell-regime observations built from the 2026-06-27 CelesTrak SATCAT snapshot, I define a high-fee shell as one in the top tercile of tracked occupancy, which here means at least 91 tracked objects in the shell-regime bin . The resulting binary outcome marks 24 of the 72 observations as top-tier shells. A logit model regresses that indicator on sun-synchronous concentration, the 500 to 900 km policy-critical band, debris share, and active payload share. The fitted model returns N = 72 and pseudo R2 = 0.3624. The sun-synchronous coefficient is 2.7574 with p = 0.000383, which implies an odds ratio of 15.76. Active payload share is 4.1768 with p = 0.0180, implying an odds ratio of 65.16. The 500 to 900 km band is positive but only marginally precise at p = 0.0975. Debris share is positive but imprecise at p = 0.1722. The policy implication is that the upper tier of any fee schedule should be defined by regime concentration and active-use density, not by a simple altitude cutoff alone.
Research Question
Once one rejects the flat-fee intuition, a second question follows. It is not enough to know that shell pressure varies. A regulator or multilateral regime would still need a rule for identifying which shells belong in the highest band. If the highest tier is effectively random across LEO, then a banded fee schedule would be hard to defend administratively. If, by contrast, the high-tier shells cluster in recognizable regimes, then tiering becomes practical [2][4][6].
The paper’s question is therefore: can a transparent empirical rule identify the shells that ought to sit in the top fee tier? I use a deliberately simple rule, top tercile of tracked occupancy, because the purpose is not to smuggle in a preferred tariff. The purpose is to test whether the shells that would receive the highest price band are systematically different from the rest.
Data and Construction
The underlying shell table is identical to Paper 1. The dependent variable is new. A shell-regime observation is coded as top_fee_shell = 1 when tracked_count falls in the top third of the 72 observations, which here means 91 or more tracked objects in the bin. Twenty-four observations meet that threshold and forty-eight do not. The covariates are the same observable structure variables used in Paper 1: sun-synchronous regime, the 500 to 900 km concern band, debris share, and active payload share [4][5].
The construction is policy-facing by design. It does not claim that 91 tracked objects is a natural law. It claims only that once a regime chooses to reserve a top fee tier for the most crowded observed shells, the empirical pattern of which shells enter that tier can be studied directly.
Method
The estimator is logit. The binary outcome is high-tier membership. The model returns pseudo R2 = 0.3624 and log likelihood = -29.2226. The sun-synchronous coefficient is 2.7574 with p = 0.000383. In odds-ratio terms, a shell in the sun-synchronous band has about 15.76 times the odds of entering the top fee tier relative to an otherwise similar non-SSO shell. Active payload share is also strongly positive, coefficient 4.1768 with p = 0.0180, corresponding to an odds ratio of about 65.16.
Two additional findings matter. The 500 to 900 km band is positive, coefficient 1.3049, but its p-value of 0.0975 is weaker than the regime and active-use terms. Debris share is positive, coefficient 2.5884, but imprecise at p = 0.1722. The interpretation is not that debris does not matter. It is that, once top-tier membership is defined by actual observed shell occupancy, the strongest separations come from where active fleets cluster and where the sun-synchronous regime concentrates traffic.
Interpretation
This is a useful economic result because it narrows what a practical fee schedule needs to do. Policymakers often default to altitude as the whole rule. The logit result suggests that altitude band alone is too coarse. The top fee tier is better understood as a regime-and-composition phenomenon. A shell that combines sun-synchronous geometry with dense active use is exactly the place where an additional entrant imposes the most obvious operating burden on others, from conjunction screening to maneuver planning to long-run debris persistence [2][4][7][9].
The positive active-payload effect is also a warning against pricing schemes that frame congestion only as a legacy-cleanup issue. The highest fee tier is not composed only of abandoned or debris-dominated shells. It is also where active operators choose to cluster because the regime is commercially valuable. That means the fee schedule has to govern living market behavior, not just historical pollution. In Krugman-style economic language, the rents of agglomeration and the costs of congestion are arriving together, and the price instrument has to separate them rather than pretend one side does not exist .
Contribution to the Dissertation
Paper 2 converts the continuous shell-pressure result into a discrete governance tool. It shows that the upper tier of a congestion-pricing schedule can be defined empirically and does not need to be guessed. Combined with Paper 1, the dissertation can now build a normalized shadow-price ladder, lower tiers for quieter shells, a top tier for SSO and active-use dense shells, and sensitivity analysis around the threshold rule.
Limitations
The main limitation is that the top-tier threshold is a transparent empirical convention rather than a welfare optimum. A second limitation is that the logit does not include sub-catalog flux, maneuverability, or operator-specific traffic management quality. A third is that the cross section is static. The result therefore identifies where the top tier belongs in the current observed environment, not the permanent tariff for all future launch cycles.
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Specification
$$ \\operatorname{logit}\\{P(H_{sb}=1)\\} = \\alpha + \\beta_1 SSO_b + \\beta_2 C_{sb} + \\beta_3 D_{sb} + \\beta_4 A_{sb} $$
Results
	Term
	Coef.
	Std. err.
	z
	p
	95% CI

	const
	-4.2468
	1.524
	-2.7866
	0.0053
	[-7.2338, -1.2597]

	is_sso_band
	2.7574
	0.7765
	3.5512
	0.0003835
	[1.2355, 4.2792]

	is_critical_500_900
	1.3049
	0.7875
	1.6569
	0.0975
	[-0.2387, 2.8484]

	debris_share
	2.5884
	1.8962
	1.3651
	0.1722
	[-1.128, 6.3049]

	active_payload_share
	4.1768
	1.7655
	2.3658
	0.018
	[0.7165, 7.6371]


Fit: N = 72 pseudo_R2 = 0.3624 LL = -29.2226
[image: D:\Claude_Code\brain\collegium\candidates\dissertations\SPACE_ECON_01\research_papers\p2\paper_fig1.png]
Figure 1. Probability that a shell enters the top occupancy fee tier as active payload concentration rises.
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)
	shell_id
	shell_mid_km
	tracked_count
	top_fee_shell
	top_fee_threshold_count
	debris_share
	active_payload_share
	is_sso_band
	is_critical_500_900
	source

	200_300_equatorial
	250
	1
	0
	91
	0
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	200_300_mid_inclination
	250
	80
	0
	91
	0.025
	0.95
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	200_300_sso_polar
	250
	58
	0
	91
	0.0345
	0.8966
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	200_300_retrograde_high
	250
	0
	0
	91
	0
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	300_400_equatorial
	350
	1
	0
	91
	0
	1
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	300_400_mid_inclination
	350
	993
	1
	91
	0.0111
	0.9708
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	300_400_sso_polar
	350
	274
	1
	91
	0.0803
	0.7482
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	300_400_retrograde_high
	350
	3
	0
	91
	0
	0.6667
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	400_500_equatorial
	450
	9
	0
	91
	0
	0.6667
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	400_500_mid_inclination
	450
	6811
	1
	91
	0.0023
	0.9938
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	400_500_sso_polar
	450
	1596
	1
	91
	0.0677
	0.8697
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	400_500_retrograde_high
	450
	0
	0
	91
	0
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	500_600_equatorial
	550
	31
	0
	91
	0
	0.7742
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	500_600_mid_inclination
	550
	1462
	1
	91
	0.0192
	0.9514
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	500_600_sso_polar
	550
	2672
	1
	91
	0.1141
	0.8368
	1
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	500_600_retrograde_high
	550
	7
	0
	91
	0.1429
	0.5714
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	600_700_equatorial
	650
	24
	0
	91
	0.1667
	0.2917
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	600_700_mid_inclination
	650
	405
	1
	91
	0.1259
	0.7852
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	600_700_sso_polar
	650
	1444
	1
	91
	0.6676
	0.196
	1
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	600_700_retrograde_high
	650
	1
	0
	91
	0
	0
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	700_800_equatorial
	750
	16
	0
	91
	0.375
	0.3125
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	700_800_mid_inclination
	750
	274
	1
	91
	0.635
	0.0985
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	700_800_sso_polar
	750
	2441
	1
	91
	0.8095
	0.0647
	1
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	700_800_retrograde_high
	750
	2
	0
	91
	0.5
	0
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	800_900_equatorial
	850
	12
	0
	91
	0.4167
	0.1667
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	800_900_mid_inclination
	850
	159
	1
	91
	0.5723
	0.2704
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	800_900_sso_polar
	850
	2757
	1
	91
	0.8792
	0.0417
	1
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	800_900_retrograde_high
	850
	4
	0
	91
	0.5
	0
	0
	1
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	900_1000_equatorial
	950
	14
	0
	91
	0.7857
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	900_1000_mid_inclination
	950
	380
	1
	91
	0.6342
	0.1158
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	900_1000_sso_polar
	950
	1477
	1
	91
	0.6615
	0.0779
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	900_1000_retrograde_high
	950
	8
	0
	91
	0.375
	0.25
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1000_1100_equatorial
	1050
	16
	0
	91
	0.5625
	0.0625
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1000_1100_mid_inclination
	1050
	202
	1
	91
	0.6386
	0.1782
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1000_1100_sso_polar
	1050
	711
	1
	91
	0.7342
	0.18
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1000_1100_retrograde_high
	1050
	2
	0
	91
	0
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1100_1200_equatorial
	1150
	14
	0
	91
	0.6429
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1100_1200_mid_inclination
	1150
	214
	1
	91
	0.3364
	0.6075
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1100_1200_sso_polar
	1150
	752
	1
	91
	0.4202
	0.5133
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1100_1200_retrograde_high
	1150
	5
	0
	91
	0
	0.8
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1200_1300_equatorial
	1250
	6
	0
	91
	0.5
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1200_1300_mid_inclination
	1250
	61
	0
	91
	0.9016
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1200_1300_sso_polar
	1250
	669
	1
	91
	0.4738
	0.5067
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1200_1300_retrograde_high
	1250
	2
	0
	91
	0.5
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1300_1400_equatorial
	1350
	6
	0
	91
	0.8333
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1300_1400_mid_inclination
	1350
	65
	0
	91
	0.7231
	0.0462
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1300_1400_sso_polar
	1350
	243
	1
	91
	0.7572
	0.0041
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1300_1400_retrograde_high
	1350
	0
	0
	91
	0
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1400_1500_equatorial
	1450
	7
	0
	91
	0.5714
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1400_1500_mid_inclination
	1450
	111
	1
	91
	0.5856
	0.2432
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1400_1500_sso_polar
	1450
	844
	1
	91
	0.3306
	0.0735
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1400_1500_retrograde_high
	1450
	2
	0
	91
	1
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1500_1600_equatorial
	1550
	3
	0
	91
	0.3333
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1500_1600_mid_inclination
	1550
	76
	0
	91
	0.6974
	0.0263
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1500_1600_sso_polar
	1550
	414
	1
	91
	0.7246
	0.0072
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1500_1600_retrograde_high
	1550
	1
	0
	91
	1
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1600_1700_equatorial
	1650
	4
	0
	91
	0.5
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1600_1700_mid_inclination
	1650
	45
	0
	91
	0.6444
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1600_1700_sso_polar
	1650
	147
	1
	91
	0.8776
	0
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1600_1700_retrograde_high
	1650
	0
	0
	91
	0
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1700_1800_equatorial
	1750
	3
	0
	91
	0.3333
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1700_1800_mid_inclination
	1750
	52
	0
	91
	0.7885
	0.0192
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1700_1800_sso_polar
	1750
	33
	0
	91
	0.9394
	0
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1700_1800_retrograde_high
	1750
	1
	0
	91
	1
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1800_1900_equatorial
	1850
	1
	0
	91
	1
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1800_1900_mid_inclination
	1850
	18
	0
	91
	0.6667
	0.0556
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1800_1900_sso_polar
	1850
	21
	0
	91
	1
	0
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1800_1900_retrograde_high
	1850
	1
	0
	91
	1
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1900_2000_equatorial
	1950
	0
	0
	91
	0
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1900_2000_mid_inclination
	1950
	26
	0
	91
	0.7692
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1900_2000_sso_polar
	1950
	14
	0
	91
	0.9286
	0
	1
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column

	1900_2000_retrograde_high
	1950
	1
	0
	91
	1
	0
	0
	0
	CelesTrak SATCAT public CSV snapshot downloaded 2026-06-27 from https://celestrak.org/pub/satcat.csv; aggregate row derived from NORAD catalog records with source retained in final column


Variable construction
	Variable
	Definition
	Construction / source

	top_fee_shell
	Indicator equal to one when tracked shell occupancy is in the top tercile of the 72 shell-regime observations, which here means at least 91 tracked objects
	Constructed from the shell-level tracked_count distribution in the SATCAT-derived dataset

	is_sso_band
	Indicator for the sun-synchronous or polar inclination regime
	Derived from SATCAT inclination field

	is_critical_500_900
	Indicator for shell midpoint from 500 km to less than 900 km
	Policy-critical traffic band used in LEO congestion discussions

	debris_share
	Share of tracked objects in the shell classified as debris
	OBJECT_TYPE DEB divided by tracked_count

	active_payload_share
	Share of tracked objects that are operational or partially operational payloads
	OBJECT_TYPE PAY with active status divided by tracked_count


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

	const
	-4.2468
	1.524
	-2.7866
	0.0053
	[-7.2338, -1.2597]

	is_sso_band
	2.7574
	0.7765
	3.5512
	0.0003835
	[1.2355, 4.2792]

	is_critical_500_900
	1.3049
	0.7875
	1.6569
	0.0975
	[-0.2387, 2.8484]

	debris_share
	2.5884
	1.8962
	1.3651
	0.1722
	[-1.128, 6.3049]

	active_payload_share
	4.1768
	1.7655
	2.3658
	0.018
	[0.7165, 7.6371]


Fit: N = 72 pseudo_R2 = 0.3624 LL = -29.2226
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