A Learning-Curve Baseline for Earth-Orbit Catalog Growth Before ORDEM MASTER Capacity Envelopes
Abstract
This paper estimates a descriptive learning-curve baseline for Earth-orbit catalog growth using the public CelesTrak SATCAT snapshot downloaded on 2026-06-27 . The dependent variable is one plus the cumulative number of Earth-orbit catalog records launched through each year. The explanatory variable is one plus elapsed years since 1957. The estimator is a log-log learning curve, which is intentionally different from the OLS shell-density model in Paper 1. The result is strong: N = 70, R2 = 0.9397, elasticity b = 2.0877, and a progress ratio of 4.2508 for each doubling of the time index. This does not mean future catalog growth must mechanically follow the same curve. It means that the tracked-object baseline has grown as a scale process, so carrying-capacity envelopes should be sensitive to the calibration era used for policy. For a dissertation about ORDEM and MASTER disagreement, the learning curve supplies the time dimension that a single cross-sectional shell comparison lacks.
Research Question
The dissertation asks how decision makers should handle uncertainty when NASA ORDEM and ESA MASTER do not necessarily yield identical environmental estimates in the same regimes [2][3][4][5]. A shell-level comparison is necessary but incomplete. Carrying capacity is also temporal. A capacity that looks adequate under one historical traffic level may become fragile under a later level of launches, payload deployments, fragmentation events, and legacy object accumulation. The empirical question in this paper is therefore simple: how has the public Earth-orbit catalog grown over the space age, and what does that growth imply for capacity-envelope reasoning?
A learning-curve estimator is useful because it compresses a long history into a transparent elasticity. It does not require a causal theory of every launch campaign or breakup event. It asks whether cumulative catalog growth scales with the age of the orbital era. The answer helps interpret model divergence. If the catalog grows slowly, model disagreement may be manageable over longer policy cycles. If it grows rapidly, a disagreement that seems modest at one point in time can become material as traffic pressure increases.
Data and Construction
The data come from the CelesTrak SATCAT public CSV . I retained Earth-orbit records with valid launch dates and grouped them by launch year from 1957 through 2026. For each year I counted annual Earth-orbit objects, payloads, debris objects, rocket bodies, and decayed objects. I then created cumulative counts through each year. The dependent variable is cumulative Earth-orbit objects plus one. The explanatory variable is years since 1957 plus one. The final data file contains 70 annual observations, zero illustrative rows, and the source column appears last.
The use of cumulative catalog records is deliberate. Current non-decayed objects measure present catalog pressure. Cumulative records measure the scale of human orbital activity that created the environment. Debris-environment models such as ORDEM and MASTER are built to interpret the environment produced by that history, including sub-catalog populations and observational limits [2][3][4][5]. SATCAT does not expose all sub-catalog debris, but it does expose the growth of cataloged orbital activity that makes model disagreement consequential.
Method
The learning-curve model estimates the log of cumulative objects plus one as a function of the log of years since 1957 plus one. The fitted coefficient b is an elasticity: it indicates the percent change in cumulative catalog size associated with a one percent change in the time index. The model is descriptive, not causal. It is used as a baseline for policy sensitivity because carrying-capacity claims are often made without specifying whether they are calibrated to the early space age, the first constellation era, or the current large-constellation period.
The fitted model reports N = 70, R2 = 0.9397, elasticity b = 2.0877, and progress ratio 2^b = 4.2508. The intercept is 2.6388 with p = 3.27e-09. The log-time coefficient is 2.0877 with standard error 0.1238, p = 7.87e-64, and a 95 percent confidence interval from 1.8451 to 2.3303. The high R2 is unsurprising for a cumulative time series, but it is still analytically useful. It shows that the catalog baseline has scaled in a consistent way over the observed period, even though year-to-year object creation has been uneven.
Interpretation
The key result is the elasticity above two. On the log-log scale, cumulative catalog growth has increased more than proportionally with the age of the orbital era. This reflects the combined history of launches, payload growth, rocket bodies, debris-generating events, and catalog expansion. It also reflects the fact that newer mission architectures can insert many spacecraft in a short time. Carrying-capacity policy therefore needs time sensitivity. A capacity envelope calibrated only to an older era can become obsolete when the catalog grows faster than the policy process updates.
This time dimension interacts with ORDEM and MASTER disagreement. Suppose two model families disagree by a fixed percentage in a sub-catalog flux regime. If the tracked catalog is relatively small, the practical policy difference may be limited. If the catalog and traffic pressure grow, the same percentage disagreement can imply a larger difference in shielding, avoidance, insurance, fee, or slot decisions. The learning curve does not calculate that sub-catalog flux gap directly. It shows why the gap must be propagated through a dynamic baseline rather than evaluated once.
Contribution to the Dissertation
The dissertation needs both a spatial and a temporal anchor. Paper 1 provides the spatial anchor by showing that current LEO catalog pressure is structured by shell, inclination, and composition. This paper provides the temporal anchor by showing that the Earth-orbit catalog has scaled strongly over time. Together, the papers support the prospectus contribution: a decision-relevant capacity envelope should combine model divergence, observable shell pressure, and traffic-growth baseline.
This also helps translate technical disagreement into governance language. Regulators do not need to resolve every internal difference between ORDEM and MASTER before acting. They need to know whether disagreement is large enough, in the regimes that matter, under plausible growth conditions, to change a decision. A learning-curve baseline makes the growth condition explicit. If a proposed capacity rule is robust under both lower and higher catalog-growth assumptions, it is stronger. If it changes under reasonable growth assumptions, the policy should be reported as a band.
Limitations
The analysis has limits. Cumulative SATCAT records are cataloged objects, not the complete debris environment. The curve is not a forecast and should not be extrapolated blindly. It also does not distinguish changes in cataloging practice from changes in physical object creation. These limits do not undermine the paper’s role. The purpose is to establish a transparent real-data baseline for scale. ORDEM and MASTER remain the relevant tools for sub-catalog flux and environment characterization [2][3][4][5]. The learning curve shows why their disagreement should be interpreted in a time-sensitive capacity envelope rather than in a static one.
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Specification

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

	const
	2.6388
	0.446
	5.9172
	3.274e-09
	[1.7647, 3.5128]

	_ln_x
	2.0877
	0.1238
	16.867
	7.866e-64
	[1.8451, 2.3303]


Fit: N = 70 R2 = 0.9397 elasticity_b = 2.0877 progress_ratio_2^b = 4.2508
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Figure 1. Log-log learning curve for cumulative Earth-orbit catalog growth.
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)
	launch_year
	years_since_1957_plus_one
	annual_earth_orbit_objects
	annual_payloads
	annual_debris
	annual_rocket_bodies
	annual_decayed_objects
	cumulative_earth_orbit_objects
	cumulative_payloads
	cumulative_debris
	cumulative_rocket_bodies
	cumulative_objects_plus_one
	source

	1957
	1
	3
	2
	0
	1
	3
	3
	2
	0
	1
	4
	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

	1958
	2
	11
	8
	1
	2
	8
	14
	10
	1
	3
	15
	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

	1959
	3
	20
	12
	5
	3
	15
	34
	22
	6
	6
	35
	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

	1960
	4
	51
	20
	21
	10
	39
	85
	42
	27
	16
	86
	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

	1961
	5
	418
	40
	364
	14
	208
	503
	82
	391
	30
	504
	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

	1962
	6
	198
	72
	88
	38
	173
	701
	154
	479
	68
	702
	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

	1963
	7
	343
	71
	241
	31
	253
	1044
	225
	720
	99
	1045
	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

	1964
	8
	394
	98
	244
	52
	340
	1438
	323
	964
	151
	1439
	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

	1965
	9
	1516
	147
	1281
	88
	1075
	2954
	470
	2245
	239
	2955
	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

	1966
	10
	778
	135
	555
	88
	584
	3732
	605
	2800
	327
	3733
	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

	1967
	11
	450
	146
	197
	107
	364
	4182
	751
	2997
	434
	4183
	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

	1968
	12
	691
	136
	454
	101
	478
	4873
	887
	3451
	535
	4874
	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

	1969
	13
	629
	129
	405
	95
	502
	5502
	1016
	3856
	630
	5503
	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

	1970
	14
	910
	126
	679
	105
	541
	6412
	1142
	4535
	735
	6413
	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

	1971
	15
	623
	146
	369
	108
	483
	7035
	1288
	4904
	843
	7036
	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

	1972
	16
	647
	124
	414
	109
	526
	7682
	1412
	5318
	952
	7683
	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

	1973
	17
	866
	125
	623
	118
	599
	8548
	1537
	5941
	1070
	8549
	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

	1974
	18
	704
	123
	459
	122
	444
	9252
	1660
	6400
	1192
	9253
	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

	1975
	19
	1187
	147
	897
	143
	823
	10439
	1807
	7297
	1335
	10440
	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

	1976
	20
	1263
	157
	956
	150
	830
	11702
	1964
	8253
	1485
	11703
	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

	1977
	21
	951
	134
	671
	146
	618
	12653
	2098
	8924
	1631
	12654
	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

	1978
	22
	781
	155
	483
	143
	449
	13434
	2253
	9407
	1774
	13435
	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

	1979
	23
	873
	123
	619
	131
	688
	14307
	2376
	10026
	1905
	14308
	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

	1980
	24
	643
	130
	382
	131
	502
	14950
	2506
	10408
	2036
	14951
	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

	1981
	25
	1188
	155
	882
	151
	547
	16138
	2661
	11290
	2187
	16139
	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

	1982
	26
	2755
	143
	2462
	150
	2495
	18893
	2804
	13752
	2337
	18894
	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

	1983
	27
	890
	158
	563
	169
	727
	19783
	2962
	14315
	2506
	19784
	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

	1984
	28
	762
	167
	416
	179
	528
	20545
	3129
	14731
	2685
	20546
	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

	1985
	29
	795
	163
	465
	167
	580
	21340
	3292
	15196
	2852
	21341
	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

	1986
	30
	1373
	136
	1101
	136
	1199
	22713
	3428
	16297
	2988
	22714
	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

	1987
	31
	1166
	139
	881
	145
	791
	23879
	3567
	17178
	3133
	23880
	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

	1988
	32
	817
	141
	524
	152
	530
	24696
	3708
	17702
	3285
	24697
	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

	1989
	33
	950
	135
	666
	149
	614
	25646
	3843
	18368
	3434
	25647
	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

	1990
	34
	696
	163
	366
	167
	408
	26342
	4006
	18734
	3601
	26343
	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

	1991
	35
	817
	136
	561
	120
	320
	27159
	4142
	19295
	3721
	27160
	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

	1992
	36
	753
	128
	490
	135
	383
	27912
	4270
	19785
	3856
	27913
	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

	1993
	37
	2180
	109
	1965
	106
	1363
	30092
	4379
	21750
	3962
	30093
	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

	1994
	38
	1310
	121
	1061
	128
	1070
	31402
	4500
	22811
	4090
	31403
	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

	1995
	39
	535
	100
	342
	93
	296
	31937
	4600
	23153
	4183
	31938
	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

	1996
	40
	243
	95
	61
	87
	131
	32180
	4695
	23214
	4270
	32181
	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

	1997
	41
	1016
	150
	769
	97
	754
	33196
	4845
	23983
	4367
	33197
	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

	1998
	42
	888
	563
	239
	86
	740
	34084
	5408
	24222
	4453
	34085
	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

	1999
	43
	4295
	125
	4076
	94
	1677
	38379
	5533
	28298
	4547
	38380
	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

	2000
	44
	729
	118
	506
	105
	222
	39108
	5651
	28804
	4652
	39109
	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

	2001
	45
	576
	80
	427
	69
	458
	39684
	5731
	29231
	4721
	39685
	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

	2002
	46
	394
	93
	233
	68
	233
	40078
	5824
	29464
	4789
	40079
	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

	2003
	47
	233
	83
	80
	70
	115
	40311
	5907
	29544
	4859
	40312
	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

	2004
	48
	212
	70
	71
	71
	106
	40523
	5977
	29615
	4930
	40524
	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

	2005
	49
	190
	70
	63
	57
	99
	40713
	6047
	29678
	4987
	40714
	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

	2006
	50
	1163
	88
	1007
	68
	949
	41876
	6135
	30685
	5055
	41877
	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

	2007
	51
	349
	101
	178
	70
	138
	42225
	6236
	30863
	5125
	42226
	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

	2008
	52
	418
	102
	242
	74
	124
	42643
	6338
	31105
	5199
	42644
	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

	2009
	53
	377
	117
	187
	73
	220
	43020
	6455
	31292
	5272
	43021
	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

	2010
	54
	406
	117
	221
	68
	106
	43426
	6572
	31513
	5340
	43427
	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

	2011
	55
	658
	123
	466
	68
	277
	44084
	6695
	31979
	5408
	44085
	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

	2012
	56
	474
	126
	275
	73
	277
	44558
	6821
	32254
	5481
	44559
	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

	2013
	57
	425
	199
	158
	68
	171
	44983
	7020
	32412
	5549
	44984
	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

	2014
	58
	535
	189
	269
	77
	136
	45518
	7209
	32681
	5626
	45519
	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

	2015
	59
	336
	172
	84
	79
	137
	45854
	7381
	32765
	5705
	45855
	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

	2016
	60
	350
	174
	103
	72
	157
	46204
	7555
	32868
	5777
	46205
	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

	2017
	61
	524
	390
	65
	69
	317
	46728
	7945
	32933
	5846
	46729
	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

	2018
	62
	947
	400
	432
	91
	440
	47675
	8345
	33365
	5937
	47676
	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

	2019
	63
	779
	450
	239
	83
	569
	48454
	8795
	33604
	6020
	48455
	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

	2020
	64
	1426
	1229
	128
	67
	928
	49880
	10024
	33732
	6087
	49881
	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

	2021
	65
	1999
	1764
	111
	86
	883
	51879
	11788
	33843
	6173
	51880
	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

	2022
	66
	3522
	2385
	997
	110
	1033
	55401
	14173
	34840
	6283
	55402
	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

	2023
	67
	3138
	2859
	138
	116
	754
	58539
	17032
	34978
	6399
	58540
	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

	2024
	68
	3660
	2782
	739
	120
	429
	62199
	19814
	35717
	6519
	62200
	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

	2025
	69
	4646
	4477
	19
	143
	144
	66845
	24291
	35736
	6662
	66846
	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

	2026
	70
	2335
	2252
	21
	60
	42
	69180
	26543
	35757
	6722
	69181
	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

	cumulative_objects_plus_one
	One plus cumulative Earth-orbit SATCAT objects launched through the year
	Cumulative count of ORBIT_CENTER EA records by launch year from the public SATCAT snapshot

	years_since_1957_plus_one
	One plus elapsed years since 1957
	launch_year minus 1957 plus one

	annual_earth_orbit_objects
	Annual count of Earth-orbit cataloged objects
	Count of SATCAT rows by launch year

	annual_payloads
	Annual count of payload rows
	OBJECT_TYPE PAY by launch year

	annual_debris
	Annual count of debris rows
	OBJECT_TYPE DEB by launch year

	annual_rocket_bodies
	Annual count of rocket body rows
	OBJECT_TYPE R/B by launch year


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

	const
	2.6388
	0.446
	5.9172
	3.274e-09
	[1.7647, 3.5128]

	_ln_x
	2.0877
	0.1238
	16.867
	7.866e-64
	[1.8451, 2.3303]


Fit: N = 70 R2 = 0.9397 elasticity_b = 2.0877 progress_ratio_2^b = 4.2508
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