Tracked LEO Shell Density as a Capacity-Envelope Anchor for ORDEM and MASTER Disagreement
Abstract
This paper uses the public CelesTrak SATCAT as a tracked-population anchor for Henry Ramos’s dissertation on orbital carrying capacity under ORDEM and MASTER disagreement. The analysis does not claim that SATCAT replaces NASA ORDEM or ESA MASTER. ORDEM and MASTER are debris-environment models designed to estimate flux and population structure beyond the fully tracked catalog [2][3][4][5]. SATCAT instead provides a transparent, public, row-level record of cataloged objects that can discipline the shell and inclination regimes used in a capacity envelope . The paper aggregates current, non-decayed Earth-orbit objects into 100 km LEO shells and four inclination regimes, then estimates an OLS model of log tracked count by altitude midpoint, sun-synchronous or polar inclination, a 500 to 900 km policy-critical band, debris share, and active payload share. The model has 72 real aggregate observations, zero illustrative rows, and each row retains a source field in the final column. Results show strong shell and composition structure: the sun-synchronous band coefficient is 2.6545 with p = 2.09e-07, debris share is 2.7007 with p = 0.000100, and active payload share is 3.6815 with p = 0.0000508. The implication is not a final capacity number. The implication is that any ORDEM and MASTER comparison should be propagated through shell-specific catalog pressure rather than treated as one average LEO environment.
Research Question
The motivating question is whether a carrying-capacity envelope can be decision-relevant when the authoritative debris models disagree. The prospectus states the problem clearly: decision makers may want a scalar shell capacity, but ORDEM and MASTER can encode different assumptions about size bins, source populations, observation constraints, and validation logic [2][3][4][5]. A model-comparison exercise needs an anchor that is independent of either model’s sub-catalog estimate. SATCAT supplies that anchor for larger, cataloged objects . It is incomplete for millimeter and centimeter debris, but that limitation is exactly why it is useful. It marks the observable part of the orbital environment against which sub-catalog flux claims must be interpreted.
This paper asks a narrower empirical question: are tracked LEO objects distributed evenly enough that one LEO-wide capacity scalar is defensible as a first-order policy object? If the public catalog is already highly structured by shell, inclination, and composition, then an uncertainty envelope should be built at the shell-regime level. If the tracked catalog were nearly uniform, a coarser LEO-wide scalar might be easier to defend. The answer matters because carrying capacity is often discussed as if low Earth orbit were one basin. The data show it is a set of unevenly loaded regimes.
Data and Construction
The dataset begins with the public CelesTrak SATCAT CSV downloaded on 2026-06-27 . I retained records with Earth as the orbit center, blank decay date, valid apogee, perigee, and inclination, and mean altitude from 200 km to less than 2000 km. Mean altitude is the average of apogee and perigee. The records were then placed into 100 km altitude shells and four inclination regimes: equatorial, mid-inclination, sun-synchronous or polar, and retrograde or high-inclination. For each shell-regime bin I counted tracked objects, payloads, debris objects, rocket bodies, and active or partially active payloads. The dependent variable is the natural log of one plus the tracked count. The final dataset contains 72 aggregate observations. The source column is last, and no observation is illustrative.
This construction is deliberately conservative. It does not infer a debris flux for objects below the catalog completeness threshold. It also does not privilege ORDEM or MASTER. Instead, it establishes a real-data baseline for where cataloged pressure is concentrated. ORDEM and MASTER disagreement can then be interpreted against regimes that are actually populated by tracked objects. This aligns with the prospectus logic, which treats model divergence as a decision-relevant envelope rather than a contest over which model is ontologically final.
Method
The estimator is a robust OLS model. The dependent variable is log one plus tracked count in a shell-regime bin. The predictors are shell midpoint, an indicator for the sun-synchronous or polar band, an indicator for 500 to 900 km, debris share, and active payload share. The model is descriptive. It does not assert that composition causes tracked count. Composition and count are jointly produced by launch history, fragmentation, decay, mission design, and cataloging practice. The purpose is to show whether shell pressure is structured enough to justify a capacity envelope. This is appropriate for a policy problem where the immediate risk is not causal overclaim but false precision.
The fit is substantial for an aggregate cross-section. The model reports N = 72, R2 = 0.5766, adjusted R2 = 0.5446, F = 39.4234, and F p = 1.50e-18. Shell midpoint has a coefficient of -0.000635 with p = 0.2067, so altitude alone does not explain the distribution after other factors are included. The sun-synchronous or polar band has a coefficient of 2.6545 with p = 2.09e-07. The 500 to 900 km indicator has a coefficient of 0.8453 with p = 0.0873. Debris share has a coefficient of 2.7007 with p = 0.000100. Active payload share has a coefficient of 3.6815 with p = 0.0000508. The result is a strong rejection of the idea that current LEO catalog pressure can be summarized by a simple altitude average.
Interpretation
The sun-synchronous and polar result is central. That inclination band contains many Earth observation, remote sensing, weather, scientific, and national-security missions. It is also a regime where operational conjunction risk and debris persistence matter for licensing and fleet design. A coefficient above 2.65 in a log-count model means that, conditional on the other variables, the polar-like regime carries substantially greater catalog pressure. A shell-capacity policy that ignores inclination would therefore obscure one of the most important dimensions of congestion.
The composition coefficients are also important. Debris share and active payload share both rise with tracked count. This is not paradoxical. Dense bins can contain both operational spacecraft and legacy fragments or debris. That mixture is exactly why carrying capacity is not simply a question of how many active satellites can be inserted. The policy object is a combined environment containing payloads, debris, rocket bodies, and untracked fragments. ORDEM and MASTER divergence is likely to matter most where the tracked environment is already dense and mixed [8][9].
Contribution to the Dissertation
This paper contributes the tracked-catalog layer of the dissertation’s capacity envelope. ORDEM and MASTER provide environmental estimates, especially for regimes below complete tracking [2][3][4][5]. The CelesTrak catalog provides a public anchor for observed large-object pressure . The OLS result shows that the anchor is not flat. The dissertation should therefore propagate model divergence through shell-specific and inclination-specific contexts. A regulator calibrating a debris fee, an operator estimating shielding needs, or an insurer comparing orbital regimes would receive more useful information from a banded envelope than from a single LEO-wide number.
This also reframes disagreement between models. Divergence is not automatically a defect. It can be converted into a policy input if it is assigned to the regimes where decisions are made. If ORDEM and MASTER differ in a sparsely populated bin, the policy consequence may be small. If they differ in a dense polar shell with high active payload share and debris share, the consequence may be large. The tracked-catalog model gives the dissertation a way to distinguish those cases.
Limitations
The analysis has three limits. First, it uses SATCAT, which is a catalog of trackable objects and not a flux model for sub-catalog debris. Second, the cross-section is a snapshot downloaded on 2026-06-27, so future launches, decays, breakups, or catalog changes will update the counts. Third, the OLS model is descriptive and aggregate. It is not a physical debris-evolution model. These limits are acceptable because the paper’s role is not to replace ORDEM or MASTER. Its role is to identify the observable shell structure that should shape the model-divergence envelope.
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Specification

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

	const
	1.2295
	0.6401
	1.9207
	0.0548
	[-0.0251, 2.4842]

	shell_mid_km
	-0.0006351
	0.0005029
	-1.2628
	0.2067
	[-0.0016, 0.0003506]

	is_sso_band
	2.6545
	0.5114
	5.1908
	2.094e-07
	[1.6522, 3.6568]

	is_critical_500_900
	0.8453
	0.4945
	1.7096
	0.0873
	[-0.1238, 1.8145]

	debris_share
	2.7007
	0.6942
	3.8904
	0.0001001
	[1.3401, 4.0613]

	active_payload_share
	3.6815
	0.9086
	4.052
	5.079e-05
	[1.9008, 5.4623]


Fit: N = 72 R2 = 0.5766 R2_adj = 0.5446 F = 39.4234 F_p = 1.502e-18
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Figure 1. Tracked LEO shell density by altitude-shell midpoint.
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_low_km
	shell_high_km
	shell_mid_km
	inclination_regime
	inclination_code
	tracked_count
	payload_count
	debris_count
	rocket_body_count
	active_payload_count
	debris_share
	payload_share
	active_payload_share
	is_sso_band
	is_critical_500_900
	log_count_plus_one
	source

	200_300_equatorial
	200
	300
	250
	equatorial
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0.6931
	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
	200
	300
	250
	mid_inclination
	1
	80
	78
	2
	0
	76
	0.025
	0.975
	0.95
	0
	0
	4.3944
	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
	200
	300
	250
	sso_polar
	2
	58
	54
	2
	1
	52
	0.0345
	0.931
	0.8966
	1
	0
	4.0775
	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
	200
	300
	250
	retrograde_high
	3
	0
	0
	0
	0
	0
	0
	0
	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
	300
	400
	350
	equatorial
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0.6931
	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
	300
	400
	350
	mid_inclination
	1
	993
	972
	11
	9
	964
	0.0111
	0.9789
	0.9708
	0
	0
	6.9017
	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
	300
	400
	350
	sso_polar
	2
	274
	234
	22
	15
	205
	0.0803
	0.854
	0.7482
	1
	0
	5.6168
	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
	300
	400
	350
	retrograde_high
	3
	3
	2
	0
	1
	2
	0
	0.6667
	0.6667
	0
	0
	1.3863
	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
	400
	500
	450
	equatorial
	0
	9
	7
	0
	2
	6
	0
	0.7778
	0.6667
	0
	0
	2.3026
	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
	400
	500
	450
	mid_inclination
	1
	6811
	6780
	16
	14
	6769
	0.0023
	0.9954
	0.9938
	0
	0
	8.8264
	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
	400
	500
	450
	sso_polar
	2
	1596
	1427
	108
	45
	1388
	0.0677
	0.8941
	0.8697
	1
	0
	7.3759
	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
	400
	500
	450
	retrograde_high
	3
	0
	0
	0
	0
	0
	0
	0
	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
	500
	600
	550
	equatorial
	0
	31
	27
	0
	4
	24
	0
	0.871
	0.7742
	0
	1
	3.4657
	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
	500
	600
	550
	mid_inclination
	1
	1462
	1409
	28
	21
	1391
	0.0192
	0.9637
	0.9514
	0
	1
	7.2882
	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
	500
	600
	550
	sso_polar
	2
	2672
	2308
	305
	53
	2236
	0.1141
	0.8638
	0.8368
	1
	1
	7.891
	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
	500
	600
	550
	retrograde_high
	3
	7
	5
	1
	1
	4
	0.1429
	0.7143
	0.5714
	0
	1
	2.0794
	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
	600
	700
	650
	equatorial
	0
	24
	13
	4
	7
	7
	0.1667
	0.5417
	0.2917
	0
	1
	3.2189
	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
	600
	700
	650
	mid_inclination
	1
	405
	346
	51
	8
	318
	0.1259
	0.8543
	0.7852
	0
	1
	6.0064
	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
	600
	700
	650
	sso_polar
	2
	1444
	378
	964
	100
	283
	0.6676
	0.2618
	0.196
	1
	1
	7.2759
	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
	600
	700
	650
	retrograde_high
	3
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0.6931
	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
	700
	800
	750
	equatorial
	0
	16
	7
	6
	3
	5
	0.375
	0.4375
	0.3125
	0
	1
	2.8332
	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
	700
	800
	750
	mid_inclination
	1
	274
	72
	174
	25
	27
	0.635
	0.2628
	0.0985
	0
	1
	5.6168
	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
	700
	800
	750
	sso_polar
	2
	2441
	339
	1976
	124
	158
	0.8095
	0.1389
	0.0647
	1
	1
	7.8006
	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
	700
	800
	750
	retrograde_high
	3
	2
	0
	1
	1
	0
	0.5
	0
	0
	0
	1
	1.0986
	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
	800
	900
	850
	equatorial
	0
	12
	4
	5
	3
	2
	0.4167
	0.3333
	0.1667
	0
	1
	2.5649
	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
	800
	900
	850
	mid_inclination
	1
	159
	52
	91
	16
	43
	0.5723
	0.327
	0.2704
	0
	1
	5.0752
	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
	800
	900
	850
	sso_polar
	2
	2757
	238
	2424
	95
	115
	0.8792
	0.0863
	0.0417
	1
	1
	7.9223
	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
	800
	900
	850
	retrograde_high
	3
	4
	1
	2
	1
	0
	0.5
	0.25
	0
	0
	1
	1.6094
	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
	900
	1000
	950
	equatorial
	0
	14
	0
	11
	3
	0
	0.7857
	0
	0
	0
	0
	2.7081
	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
	900
	1000
	950
	mid_inclination
	1
	380
	117
	241
	20
	44
	0.6342
	0.3079
	0.1158
	0
	0
	5.9428
	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
	900
	1000
	950
	sso_polar
	2
	1477
	315
	977
	185
	115
	0.6615
	0.2133
	0.0779
	1
	0
	7.2984
	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
	900
	1000
	950
	retrograde_high
	3
	8
	3
	3
	2
	2
	0.375
	0.375
	0.25
	0
	0
	2.1972
	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
	1000
	1100
	1050
	equatorial
	0
	16
	3
	9
	4
	1
	0.5625
	0.1875
	0.0625
	0
	0
	2.8332
	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
	1000
	1100
	1050
	mid_inclination
	1
	202
	52
	129
	17
	36
	0.6386
	0.2574
	0.1782
	0
	0
	5.3132
	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
	1000
	1100
	1050
	sso_polar
	2
	711
	162
	522
	27
	128
	0.7342
	0.2278
	0.18
	1
	0
	6.5681
	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
	1000
	1100
	1050
	retrograde_high
	3
	2
	1
	0
	1
	0
	0
	0.5
	0
	0
	0
	1.0986
	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
	1100
	1200
	1150
	equatorial
	0
	14
	0
	9
	5
	0
	0.6429
	0
	0
	0
	0
	2.7081
	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
	1100
	1200
	1150
	mid_inclination
	1
	214
	136
	72
	5
	130
	0.3364
	0.6355
	0.6075
	0
	0
	5.3706
	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
	1100
	1200
	1150
	sso_polar
	2
	752
	412
	316
	24
	386
	0.4202
	0.5479
	0.5133
	1
	0
	6.6241
	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
	1100
	1200
	1150
	retrograde_high
	3
	5
	4
	0
	1
	4
	0
	0.8
	0.8
	0
	0
	1.7918
	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
	1200
	1300
	1250
	equatorial
	0
	6
	0
	3
	3
	0
	0.5
	0
	0
	0
	0
	1.9459
	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
	1200
	1300
	1250
	mid_inclination
	1
	61
	4
	55
	2
	0
	0.9016
	0.0656
	0
	0
	0
	4.1271
	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
	1200
	1300
	1250
	sso_polar
	2
	669
	347
	317
	5
	339
	0.4738
	0.5187
	0.5067
	1
	0
	6.5073
	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
	1200
	1300
	1250
	retrograde_high
	3
	2
	1
	1
	0
	0
	0.5
	0.5
	0
	0
	0
	1.0986
	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
	1300
	1400
	1350
	equatorial
	0
	6
	0
	5
	1
	0
	0.8333
	0
	0
	0
	0
	1.9459
	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
	1300
	1400
	1350
	mid_inclination
	1
	65
	15
	47
	3
	3
	0.7231
	0.2308
	0.0462
	0
	0
	4.1897
	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
	1300
	1400
	1350
	sso_polar
	2
	243
	35
	184
	23
	1
	0.7572
	0.144
	0.0041
	1
	0
	5.4972
	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
	1300
	1400
	1350
	retrograde_high
	3
	0
	0
	0
	0
	0
	0
	0
	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
	1400
	1500
	1450
	equatorial
	0
	7
	0
	4
	3
	0
	0.5714
	0
	0
	0
	0
	2.0794
	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
	1400
	1500
	1450
	mid_inclination
	1
	111
	45
	65
	1
	27
	0.5856
	0.4054
	0.2432
	0
	0
	4.7185
	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
	1400
	1500
	1450
	sso_polar
	2
	844
	521
	279
	43
	62
	0.3306
	0.6173
	0.0735
	1
	0
	6.7393
	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
	1400
	1500
	1450
	retrograde_high
	3
	2
	0
	2
	0
	0
	1
	0
	0
	0
	0
	1.0986
	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
	1500
	1600
	1550
	equatorial
	0
	3
	0
	1
	2
	0
	0.3333
	0
	0
	0
	0
	1.3863
	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
	1500
	1600
	1550
	mid_inclination
	1
	76
	17
	53
	6
	2
	0.6974
	0.2237
	0.0263
	0
	0
	4.3438
	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
	1500
	1600
	1550
	sso_polar
	2
	414
	57
	300
	57
	3
	0.7246
	0.1377
	0.0072
	1
	0
	6.0283
	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
	1500
	1600
	1550
	retrograde_high
	3
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0.6931
	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
	1600
	1700
	1650
	equatorial
	0
	4
	0
	2
	2
	0
	0.5
	0
	0
	0
	0
	1.6094
	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
	1600
	1700
	1650
	mid_inclination
	1
	45
	14
	29
	2
	0
	0.6444
	0.3111
	0
	0
	0
	3.8286
	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
	1600
	1700
	1650
	sso_polar
	2
	147
	12
	129
	6
	0
	0.8776
	0.0816
	0
	1
	0
	4.9972
	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
	1600
	1700
	1650
	retrograde_high
	3
	0
	0
	0
	0
	0
	0
	0
	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
	1700
	1800
	1750
	equatorial
	0
	3
	0
	1
	2
	0
	0.3333
	0
	0
	0
	0
	1.3863
	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
	1700
	1800
	1750
	mid_inclination
	1
	52
	10
	41
	1
	1
	0.7885
	0.1923
	0.0192
	0
	0
	3.9703
	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
	1700
	1800
	1750
	sso_polar
	2
	33
	1
	31
	1
	0
	0.9394
	0.0303
	0
	1
	0
	3.5264
	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
	1700
	1800
	1750
	retrograde_high
	3
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0.6931
	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
	1800
	1900
	1850
	equatorial
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0.6931
	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
	1800
	1900
	1850
	mid_inclination
	1
	18
	6
	12
	0
	1
	0.6667
	0.3333
	0.0556
	0
	0
	2.9444
	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
	1800
	1900
	1850
	sso_polar
	2
	21
	0
	21
	0
	0
	1
	0
	0
	1
	0
	3.091
	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
	1800
	1900
	1850
	retrograde_high
	3
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0.6931
	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
	1900
	2000
	1950
	equatorial
	0
	0
	0
	0
	0
	0
	0
	0
	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
	1900
	2000
	1950
	mid_inclination
	1
	26
	5
	20
	1
	0
	0.7692
	0.1923
	0
	0
	0
	3.2958
	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
	1900
	2000
	1950
	sso_polar
	2
	14
	0
	13
	1
	0
	0.9286
	0
	0
	1
	0
	2.7081
	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
	1900
	2000
	1950
	retrograde_high
	3
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0.6931
	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

	log_count_plus_one
	Natural log of one plus tracked non-decayed Earth-orbit objects in the shell and inclination bin
	Computed from CelesTrak SATCAT rows with ORBIT_CENTER EA, blank DECAY_DATE, mean altitude 200 to 2000 km

	shell_mid_km
	Altitude-shell midpoint in kilometers
	Mean of 100 km shell bounds from 200 to 2000 km

	is_sso_band
	Indicator for 70 to 110 degree 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 in current LEO discussions

	debris_share
	Share of tracked objects classified as debris in the bin
	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 OPS_STATUS_CODE in +, P, B, or S divided by tracked_count


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

	const
	1.2295
	0.6401
	1.9207
	0.0548
	[-0.0251, 2.4842]

	shell_mid_km
	-0.0006351
	0.0005029
	-1.2628
	0.2067
	[-0.0016, 0.0003506]

	is_sso_band
	2.6545
	0.5114
	5.1908
	2.094e-07
	[1.6522, 3.6568]

	is_critical_500_900
	0.8453
	0.4945
	1.7096
	0.0873
	[-0.1238, 1.8145]

	debris_share
	2.7007
	0.6942
	3.8904
	0.0001001
	[1.3401, 4.0613]

	active_payload_share
	3.6815
	0.9086
	4.052
	5.079e-05
	[1.9008, 5.4623]


Fit: N = 72 R2 = 0.5766 R2_adj = 0.5446 F = 39.4234 F_p = 1.502e-18
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