Provenance and the Maneuver Rate: An Operator-Panel OLS Estimate of How Autonomy-Stack Provenance Shapes the Documented Collision-Avoidance Tempo of On-Orbit Operations
1. Introduction
Collision avoidance is now the defining accountable act of on-orbit operation. The number of conjunction events, and the fuel, mission, and risk cost of each avoidance maneuver, have become first-order operational variables that operators optimize formally and trade against mission requirements [2]. As constellations scale, the authority to decide and execute the avoidance maneuver is migrating from human controllers into onboard and distributed autonomy [6]. The institutions that license and supervise on-orbit activity, however, were built for a world in which a human operator authored each maneuver. The supervisory record increasingly attaches to software whose decision logic the operator did not write and cannot fully reconstruct event by event.
This paper asks a single measurable question. Does the documented provenance of an operator’s autonomy stack, specifically whether its avoidance logic is transparent and operator-reconstructable or opaque and learned, shift the observed maneuver tempo of the satellites it governs. The maneuver tempo, expressed as documented collision-avoidance maneuvers per satellite per year, is the operational quantity that governance treats as the accountable act. If provenance moves that quantity once scale and orbital regime are held fixed, then governance is discriminating on a variable it has never formally named. If it does not, the policy concern that autonomy provenance drives operational behavior is misplaced, and the apparent provenance signal is something else wearing its clothing. Either result is informative.
The contribution is one falsifiable coefficient. Using a hand-built operator-period panel of real, documented maneuver records, I estimate an ordinary-least-squares specification that regresses the per-satellite maneuver rate on a binary provenance treatment and two confounders that governance and engineering both expect to matter: constellation scale and orbital altitude. The headline finding is not the sign of a single number but the instability of that number across specifications, which is itself the cliometric result the dissertation’s prospectus anticipated.
2. Theory and Hypotheses
Two non-communicating bodies of work meet at the maneuver. The technical literature optimizes the avoidance maneuver as an engineering object under uncertainty and mission constraints [2] and builds the autonomy that selects and executes it, ranging from auditable model-based reasoners  to learned reinforcement-learning schedulers  to mission-level distributed autonomy such as NASA’s Starling . This body says nothing about the rate at which the resulting maneuvers appear in the public record. The institutional and economic literature frames orbital crowding as a negative externality requiring governance traction it does not yet possess  and designs space-traffic-management and capacity frameworks around human operators and national authorities as the accountable actors [9][10]. This body says nothing about the software provenance of the act it governs.
The bridging intuition is that provenance and behavior are linked. An operator running an opaque onboard system can maneuver on a machine timescale and at a machine threshold, firing far more often than a human-reviewed process would, because each maneuver costs the operator almost nothing in review burden. An operator running a transparent, ground-commanded process maneuvers only when a human assessment clears it, which is slower and rarer. This yields the directional expectation that opaque-provenance operators show a higher documented maneuver rate.
H1. Conditional on fleet size and orbital altitude, transparent provenance is associated with a lower documented maneuver rate per satellite-year than opaque provenance. The coefficient on the provenance indicator is negative and statistically distinguishable from zero.
H0. Conditional on the same controls, the provenance coefficient is zero.
The hypothesis is genuinely falsifiable in both directions. A precisely estimated conditional null refutes H1 and shows that the raw provenance gap is an artifact of correlated structural variables rather than of provenance itself, which is a publishable finding because it relocates the governance concern from the software label to the structural driver.
3. Data
The unit of observation is the operator-period. The panel contains twenty-two observations assembled entirely from documented public sources, with each row carrying its citation in the data file.
The dependent variable is the documented collision-avoidance maneuver rate per satellite per year, computed as the reported maneuver count divided by the operational fleet size and annualized to a twelve-month basis. The opaque-provenance observations are the eight successive SpaceX Starlink semiannual reporting windows from the first half of 2021 through the second half of 2024, drawn from SpaceX’s Federal Communications Commission semiannual filings as reported in the trade and technical press [the AIAA summary and successive space.com reports]. These windows record a maneuver count rising from 2,219 to 144,404 as the fleet grew, the canonical instance of onboard autonomous avoidance at constellation scale [6]. The transparent-provenance observations are ground-commanded, human-reviewed operators: the European Space Agency operational fleet and individual Copernicus Sentinel spacecraft supported by the ESA Space Debris Office, the NASA Earth Observing System missions Aqua, Aura, and Terra and their cumulative debris-avoidance-maneuver totals reported through the NASA Conjunction Assessment Risk Analysis program, the International Space Station debris-avoidance record, and the higher-altitude commercial operators OneWeb and Iridium whose published practice is operator-commanded avoidance .
The treatment variable is a binary provenance code set to one for ground-commanded, operator-reconstructable avoidance and zero for onboard autonomous or learned avoidance. The code is assigned from operator documentation, including the well-documented April 2021 episode in which OneWeb requested a manual maneuver and asked SpaceX to disable its autonomous avoidance software, which fixes both operators’ provenance on the record. Two controls enter the specification: the natural logarithm of the operational fleet size, and approximate mean operating altitude in kilometers as a proxy for orbital-regime debris density. Three of the twenty-two cells carry an illustrative maneuver count or interpolated fleet figure where the exact period value was not separately published; these are marked in the source column and remain below fifteen percent of the sample.
4. Method
The estimator is ordinary least squares with heteroskedasticity-robust standard errors. The per-satellite maneuver rate is regressed on the provenance indicator and the two controls. The specification is deliberately minimal, consistent with the dissertation’s commitment to recovering one transparent coefficient rather than an elaborate model. I report the bivariate provenance estimate, the fully controlled estimate, and the correlation structure that links them, so that the reader can see exactly how the provenance coefficient behaves as the confounders enter. The design treats the contrast between the raw and conditional provenance estimates as the object of inference, which is the standard cliometric move for separating a structural driver from a label that travels with it.
5. Findings
The fully specified model is jointly informative. Across twenty-two operator-period observations it explains a substantial share of the variation in maneuver rate, with an R-squared of 0.391 and a model F-test significant at the conventional level (F-test p = 0.036). The constant is estimated at 8.32 with a standard error of 5.03 (p = 0.098).
The central result is the behavior of the provenance coefficient. In a bivariate regression of the maneuver rate on the provenance indicator alone, transparent provenance is associated with 10.85 fewer documented maneuvers per satellite-year, and the estimate is significant (p = 0.012). The raw group means tell the same story plainly: transparent-provenance operators average 1.78 maneuvers per satellite-year, while the opaque-provenance Starlink windows average 12.63. Read on its own, this is a large and clean provenance effect that appears to confirm H1.
It does not survive the controls. In the fully specified model the provenance coefficient is 0.81 with a standard error of 7.56 and a p-value of 0.914, statistically indistinguishable from zero and no longer even reliably negative. The reason is visible in the correlation structure. The provenance indicator and log fleet size are correlated at -0.915, because in the documented record the only operator running opaque onboard avoidance at scale is also the only operator with a fleet in the thousands. Provenance and scale are nearly the same variable in this sample. Once log fleet size is admitted, it absorbs the explanatory work the provenance label did alone, and the provenance coefficient collapses. Log fleet size itself enters with a positive coefficient of 1.45 (standard error 1.17, p = 0.215), pointing in the expected direction but imprecisely estimated under the same collinearity.
The one control that carries an independent and reasonably precise signal is altitude. Mean altitude enters with a coefficient of -0.0135 per kilometer (standard error 0.0073, p = 0.062), indicating that operators in lower, more congested orbits show a higher maneuver rate, consistent with the regime-density mechanism that the conjunction-metrics literature would predict [4]. Altitude, not the provenance label, is the conditioning variable that moves the maneuver rate once scale is held fixed.
The result is therefore a conditional null on provenance under a transparent and acknowledged collinearity. The data cannot separate the provenance of the autonomy stack from the scale of the constellation it governs, because in the public record the two are confounded by construction. This is not a failure of the design; it is the finding. The apparent provenance effect on maneuver tempo is, in this sample, a scale effect wearing a provenance label.
6. Discussion
The honest reading of these estimates is that the governance worry has been pointed at the wrong noun. The raw correlation between opaque autonomy and a high maneuver rate is real and large, but it is not identified as a provenance effect once constellation scale enters, because the operator that pioneered opaque onboard avoidance is also the operator that pioneered the thousand-satellite constellation. A regulator who conditioned policy on autonomy provenance, expecting to capture the behavioral difference visible in the bivariate gap, would in this sample mostly be conditioning on fleet size. The policy-relevant variable that does move the maneuver rate independently is orbital regime: lower, denser orbits drive more maneuvers regardless of who commands them.
Three limitations bound the claim and define the path forward. First, the confounding is structural rather than incidental, so the remedy is not a larger version of the same sample but variation that breaks the provenance-scale tie. The decisive future observations are a large constellation that adopts transparent, human-reviewable avoidance, or a small operator that adopts opaque onboard autonomy. As learned avoidance diffuses to smaller fleets and as large constellations are pressed toward auditable processes, that variation will appear and will let the provenance coefficient be identified on something other than Starlink alone [6]. Second, the maneuver rate is a coarse proxy for the disposition the dissertation ultimately cares about, namely whether a maneuver is documented as a screenable, reconstructable event; separating tempo from auditability is the task of the companion study. Third, public coverage of maneuver counts is uneven across operators and services , which the altitude and scale controls only partly address. The external validity of the estimate is bounded to the public-reporting population and is not claimed for all on-orbit operations. Within those bounds, the paper delivers exactly one disciplined result: in the record available today, autonomy provenance and constellation scale cannot be told apart, and what looks like a provenance effect on the maneuver rate is, conditionally, a scale effect.
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Results
	Term
	Coef.
	Std. err.
	t
	p
	95% CI

	const
	8.3197
	5.0259
	1.6554
	0.0978
	[-1.5308, 18.1703]

	provenance_transparent
	0.8147
	7.5591
	0.1078
	0.9142
	[-14.0009, 15.6304]

	log_fleet
	1.4492
	1.1696
	1.2391
	0.2153
	[-0.8431, 3.7415]

	mean_alt_km
	-0.0135
	0.0073
	-1.8647
	0.0622
	[-0.0278, 0.0006914]


Fit: N = 22 R2 = 0.3911 R2_adj = 0.2896 F = 3.5424 F_p = 0.0356
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Figure 1. Documented collision-avoidance maneuver rate per satellite-year against log fleet size across operator-period observations, by autonomy provenance. Opaque-provenance autonomous fleets (Starlink) occupy the high-rate, large-fleet region; transparent-provenance ground-commanded operators cluster at low maneuver rates.
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)
	operator
	period
	ca_maneuvers
	sat_count
	months
	ca_rate
	provenance_transparent
	log_fleet
	mean_alt_km
	leo_dense
	source

	Starlink
	2021H1
	2219
	1600
	6
	2.774
	0
	7.378
	550
	1
	SpaceX FCC semiannual report (Jan-Jun 2021, 2,219) via AIAA aiaa.org/2023/07/07 and space.com/spacex-starlink-collision-avoidance-maneuver-growth-stalls; operational fleet ~1,600 mid-2021 per space.com/spacex-starlink-satellites.html

	Starlink
	2021H2
	3333
	1454
	6
	4.585
	0
	7.282
	550
	1
	SpaceX FCC semiannual report (Jul-Dec 2021, 3,333) via space.com/spacex-starlink-collision-avoidance-maneuver-growth-stalls; operational fleet 1,454 Nov-2021 per spaceflightnow.com/2021/11/13

	Starlink
	2022H1
	6873
	2300
	6
	5.977
	0
	7.741
	550
	1
	SpaceX FCC semiannual report (Dec2021-Jun2022, 6,873) via space.com/spacex-starlink-collision-avoidance-maneuver-growth-stalls; fleet ~2,300 mid-2022 interpolated between 1,600 (mid-2021) and ~3,000 (Sep-2022) per space.com/spacex-starlink-satellites.html [illustrative]

	Starlink
	2022H2
	13612
	3300
	6
	8.25
	0
	8.102
	550
	1
	SpaceX FCC semiannual report (Jun-Dec 2022, 13,612) via space.com/spacex-starlink-collision-avoidance-maneuver-growth-stalls; fleet ~3,000-3,500 late-2022 per space.com/spacex-starlink-satellites.html

	Starlink
	2023H1
	25299
	4000
	6
	12.649
	0
	8.294
	550
	1
	SpaceX FCC semiannual report (Dec2022-May2023, >25,299) via space.com/spacex-starlink-collision-avoidance-maneuver-growth-stalls and aiaa.org/2023/07/07; fleet ~4,000 May-2023 per space.com/spacex-starlink-satellites.html

	Starlink
	2023H2
	24410
	5200
	6
	9.388
	0
	8.556
	550
	1
	SpaceX FCC semiannual report (Jun-Nov 2023, 24,410) via space.com/spacex-starlink-collision-avoidance-maneuver-growth-stalls; fleet ~5,200 Nov-2023 per space.com/spacex-starlink-satellites.html

	Starlink
	2024H1
	49384
	6100
	6
	16.191
	0
	8.716
	550
	1
	SpaceX FCC semiannual report (Dec2023-May2024, 49,384; ~14 firings per satellite) via space.com/spacex-starlink-50000-collision-avoidance-maneuvers-space-safety; fleet ~6,100 Jun-2024 per space.com/spacex-starlink-satellites.html

	Starlink
	2024H2
	144404
	7000
	6
	41.258
	0
	8.854
	550
	1
	SpaceX FCC semiannual report (Dec2024-May2025, 144,404; ~41 maneuvers per satellite-yr) via fodnews.com/esa-space-environment-report-2026-leo-debris-collision-risk; fleet ~7,000 late-2024 per space.com/spacex-starlink-satellites.html

	ESA-fleet
	2022
	12
	11
	12
	1.091
	1
	2.398
	700
	1
	ESA Space Debris Office: ~12 collision-avoidance maneuvers per year across operational fleet, >1 per satellite-yr in LEO; esa.int/Space_Safety/Space_Debris/Reentry_and_collision_avoidance and esa.int/Space_Safety/Space_Debris/Automating_collision_avoidance

	Sentinel-1A
	2022
	3
	1
	12
	3
	1
	0
	693
	1
	Copernicus Sentinel-1A collision-avoidance maneuvers documented 1-Apr-2022 and 16-May-2022 (multiple 2022 events); sentinels.copernicus.eu/-/copernicus-sentinel-1a-collision-avoidance-manoeuvres-on-1-april-2022 and sentinel.esa.int/web/sentinel/-/copernicus-sentinel-1a-collision-avoidance-manoeuvres-on-16-may-2022

	Aqua
	2005-2023
	24
	1
	228
	1.263
	1
	0
	705
	1
	NASA EOS: Aqua 24 Debris Avoidance Maneuvers as of 31-Mar-2023; ntrs.nasa.gov/api/citations/20230005851 (EOS Aqua and Aura Experience) and aqua.gsfc.nasa.gov AquaStatus reports

	Aura
	2005-2023
	13
	1
	228
	0.684
	1
	0
	705
	1
	NASA EOS: Aura 13 Debris Avoidance Maneuvers as of 31-Mar-2023; ntrs.nasa.gov/api/citations/20230005851 (EOS Aqua and Aura Experience)

	Terra
	2005-2023
	16
	1
	228
	0.842
	1
	0
	705
	1
	NASA EOS: Terra 16 Debris Avoidance Maneuvers as of 31-Mar-2023; ntrs.nasa.gov/api/citations/20230005851 and satellitesafety.gsfc.nasa.gov/cara.html

	ISS
	2023
	5
	1
	12
	5
	1
	0
	420
	1
	NASA: ISS performed 5 debris avoidance maneuvers in 2023; nasa.gov/blogs/spacestation and livescience.com/space/space-exploration/iss-dodges-its-39th-piece-of-potentially-hazardous-space-junk

	ISS
	2024
	1
	1
	12
	1
	1
	0
	420
	1
	NASA: 1 ISS debris avoidance maneuver as of Nov-2024; nasa.gov/blogs/spacestation/2025/04/30/station-maneuvers-to-avoid-orbital-debris and npr.org/2024/11/20/nx-s1-5196986

	ISS
	1998-2024
	39
	1
	312
	1.5
	1
	0
	420
	1
	NASA: 39 ISS debris avoidance maneuvers cumulative 1998 to Nov-2024; livescience.com/space/space-exploration/iss-dodges-its-39th-piece and space.com/international-space-station-space-dodge-debris-how-often

	OneWeb
	2021
	1
	300
	12
	0.067
	1
	5.704
	1200
	0
	OneWeb requested manual ground-operator maneuver and asked SpaceX to disable its autonomous CA software, Apr-2021; teslarati.com/spacex-starlink-oneweb-false-near-miss-claim; OneWeb fleet ~300 in 2021 (high-altitude 1,200 km shell, ground-commanded)

	Iridium
	2022
	2
	75
	12
	0.267
	1
	4.317
	780
	0
	Iridium NEXT ground-commanded collision avoidance; Iridium co-authored AIAA Satellite Orbital Safety Best Practices with SpaceX and OneWeb; aerospaceamerica.aiaa.org/features/heavy-traffic-ahead; fleet 66 operational plus on-orbit spares [illustrative annual count]

	CryoSat-2
	2022
	3
	1
	12
	3
	1
	0
	717
	1
	ESA CryoSat-2 ground-commanded CA via ESOC Space Debris Office; conference.sdo.esoc.esa.int/proceedings (Collision Avoidance for Operational ESA Satellites) and esa.int/Space_Safety/Space_Debris/Automating_collision_avoidance

	Aeolus
	2021
	5
	1
	12
	5
	1
	0
	320
	1
	ESA Aeolus very-low-orbit (320 km) ground-commanded CA with elevated alert rate; esa.int/Space_Safety/Space_Debris/Automating_collision_avoidance and ESOC operational collision-avoidance proceedings [illustrative annual count]

	Sentinel-2
	2022
	2
	2
	12
	1
	1
	0.693
	786
	1
	ESA Copernicus Sentinel-2A/2B ground-commanded CA support by ESA Space Debris Office (seven Sentinels supported); esa.int/Applications/Observing_the_Earth/Copernicus/The_Sentinel_missions and esa.int/Space_Safety/Space_Debris/Automating_collision_avoidance

	ESA-fleet
	2024
	15
	12
	12
	1.25
	1
	2.485
	700
	1
	ESA Space Debris Office fleet-average above one CA maneuver per satellite-yr, rising alert volume in 2024-2026 environment report; fodnews.com/esa-space-environment-report-2026-leo-debris-collision-risk and esa.int/Space_Safety/Space_Debris/Automating_collision_avoidance


Variable construction
	Variable
	Definition
	Construction / source

	ca_rate
	Documented collision-avoidance maneuvers per satellite per year, annualized from the reporting window (count divided by fleet size, scaled to a 12-month basis). The dependent quantity, measuring the operational maneuver tempo that governance treats as the accountable on-orbit act.
	SpaceX FCC semiannual reports; ESA Space Debris Office; NASA EOS and CARA mission status; ESA Copernicus Sentinel mission pages

	provenance_transparent
	Binary treatment coded 1 when the maneuvering operator relies on a ground-commanded, human-reviewed, operator-reconstructable collision-avoidance process (auditable provenance) and 0 when it relies on an onboard autonomous or learned avoidance system whose decision logic the operator does not author per event (opaque provenance).
	Hand-coded from operator documentation: SpaceX autonomous onboard CA (opaque); ESA, NASA, ISS, OneWeb, Iridium, Planet ground-commanded CA (transparent); teslarati.com OneWeb manual-maneuver request; esa.int automating-collision-avoidance

	log_fleet
	Natural logarithm of the operator’s operational satellite count in the reporting period, controlling for constellation scale and the traffic exposure it generates.
	space.com Starlink fleet counts; spaceflightnow.com; operator and ESA fleet figures

	mean_alt_km
	Approximate mean operating altitude of the operator’s satellites in kilometers, controlling for orbital-regime debris density and conjunction exposure.
	Mission and constellation shell altitudes from operator and ESA/NASA mission pages

	leo_dense
	Indicator for operation in the congested 300-800 km LEO band (1) versus higher LEO shells (0); reported for descriptive stratification.
	Constellation shell altitudes from operator documentation


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

	const
	8.3197
	5.0259
	1.6554
	0.0978
	[-1.5308, 18.1703]

	provenance_transparent
	0.8147
	7.5591
	0.1078
	0.9142
	[-14.0009, 15.6304]

	log_fleet
	1.4492
	1.1696
	1.2391
	0.2153
	[-0.8431, 3.7415]

	mean_alt_km
	-0.0135
	0.0073
	-1.8647
	0.0622
	[-0.0278, 0.0006914]


Fit: N = 22 R2 = 0.3911 R2_adj = 0.2896 F = 3.5424 F_p = 0.0356
image2.jpeg
Cross-organizational liaison, surveying
and research

* Strategic engagement across MITRE work
programs (data collection)

Compellation, thematic D & development,
message crafting and vocabulary
documentation

« Analysis, thematic identifcation and
development across mulfiple sponsor
programs

Architectural integration of themes, vocabulary
and common interests

Integration into reference-like architecture
for comprehensive impact development and
actions.

International engagement, multilateral

scientific forum participation, “inform

international space policy and decision
making”

Follow-thru with space reference architecture to inform at
bilateral & multilateral forums and scientifc sub-committees





image3.png




image4.png




image5.png




image6.png




image7.png




image8.jpeg
Cross-organizational liaison, surveying
and research

* Strategic engagement across MITRE work
programs (data collection)

Compellation, thematic D & development,
message crafting and vocabulary
documentation

« Analysis, thematic identifcation and
development across mulfiple sponsor
programs

Architectural integration of themes, vocabulary
and common interests

Integration into reference-like architecture
for comprehensive impact development and
actions.

International engagement, multilateral

scientific forum participation, “inform

international space policy and decision
making”

Follow-thru with space reference architecture to inform at
bilateral & multilateral forums and scientifc sub-committees





image9.png




image10.png




image11.png




image12.png




image13.png




image14.jpeg
>
=]
<)
°
=
=
o
@
=

=
o
=
©
>
°
=
=

52
gs
B8
£55
258
252
FF0

<
Sie s
Sa
28
=0

Technology

International Space Reference Architecture (ISRA) Metamodel




image15.jpeg
Define the Problem

> Assemble Some Evidence

Tell Your Story

yied plopybig ayy
OO=IGOY 1 o GIN) =

AN S N INING
AN VYL

Bardach, Eugene. Practical Guide for Policy Analysis: The Eightfold Path to More Effective Probe
4th Edition. CQ Press, 1012011, VitalBook fie.

< smartdraw Acade




image16.png
Models of information sharing

W
Central
intermediary
Diffused (All to All) Centralized (All to One)
Pro: Everyone has the same Pro: One stakeholder has full
awareness awareness
Con: High integration and Con: Other stakeholders may not
sustainment cost; high trust that stakeholder; and central

messaging error rate DB vulnerable to hacking




image17.png
Decentralized Information
Sharing

e * Mission

| Blockchain
|
I—

.

Decentralized (All to Blockchain)

b,

Pro: Everyone has the same information;
information s trusted, resilient, and
tamper-proof

Con: Disruptive change to adopt
decentralization





image18.png
BESTA Architecture

International

Architecture Governance | blEcelinie
and @ Anomalous

agreements -2 2 Behavior

]

|

| Permissioned
u Blockchain |

National or National or
commercial commercial

sensor sensor
consortium consortium





image19.jpeg
el B
|

|

n BESTA *Node

| Permissioned Blockchain

L=~

BESTA
Trusted Data

Space Object
Intentto
Maneuver

Smart Contracts





image20.png
Spacefarf
| Spacefarj -
Nation ™"\ -tio Spacefar Spacefar]

Natiot Natior Spacefarmg
Nation

‘ International Governance ‘

‘ ISRA (International Space Reference \
Architecture)

‘ BESTA ‘

a





image21.png
Reconciled
SSA Info

Anomaly Detected
(e.g. generate evidence docket
for adjudication)

Does STM Info and STM

- Agreements match?

t BESTA t

Reconciled
Agreements

SSA Info
(e.g. position, frequency,
context, etc.

STM Agreements
(e.g. treaties, licenses,
conventions)

Multiple Input Sources

Multiple Input Sources





image22.png
Technology
Innovation





image23.png
ASCs (Y) Total Cost (X) Arch $M Y*X y-sq x-sq

1 200 50 10000 40000 2500
2 300 25 7500 90000 625
3 278 33 9174 77284 1089
4 290 31 8990 84100 961
5 310 20 6200 96100 400
6 400 12 4800 160000 144
7 380 18 6840 144400 324
8 312 20 6240 97344 400
gl 305 26 7930 93025 676
10 308 24 7392 94864 576
1" 310 28 8680 96100 784
12 220 42 9240 48400 1764
13 218 44 9592 47524 1936
14 230 48 11040 52900 2304
15 240 49 11760 57600 2401
16 210 52 10920 44100 2704
17 180 60 10800 32400 3600
18 185 55 10175 34225 3025
19 170 62 10540 28900 3844
20 278 33 9174 77284 1089
21 232 48 11136 53824 2304
22 234 49 11466 54756 2401
23 165 67 11055 27225 4489
24 160 70 11200 25600 4900
25 162 65 10530 26244 4225

6277 1031 232374 1684199 49465




image24.jpeg
slope N -662237

wl (Db) teslad N* Z(XHY) - (EX)*EY)
ope(b)  -3.813323429 Tk il el A
Mean x 251.08 N* 2X? - (ZX)

Mean Y 4124

Intercept(  998.6802466 |[a=Y-bX

R Num -662237

R Den pl 2704246

R den p2 173664 p= Ny Xy (3 X)+(37)

R Den 685295.6861 %*th(zﬁ vz r-Ery

R
R Squared





image25.jpeg
Number for M$ Spent on Architecture and Engineering (b) and Total Cost (a) are negatively associated since the slope has a negative result.
Thus, as the Ss spent increases by $1M in the considered cases, the cost decreases by $3.8M (Slope b)

We can predict that, if the amount soent on architecture is S100M then the average total cost will be $789.67M.
$408.34

In an acquisition with 0 architceture and engineering spending the average cost will be :

The association between the amount spent on architecture (b) and the total cost is strong and negative
-97% R
93% of the variation in the acquisition programs is explained by the cohesion score
7% is explained by other factors




rId89.png
Collision-avoidance maneuvers per satellite-year

Provenance and the Maneuver Rate: An Operator-Panel OLS Esti

40

30 A

20 A

10 A

o4

4 6

Log operational fleet size





image1.jpeg
The 2019 Global Space Economy at a Glance

us. space Force <$0.1B
Noaa (speco o) $1.7B

$92B

Television

Global Space
Economy

$1.7B Marmtaciaing

Commercial Human
Spaceflight

A\

Sater, A
d E
4B e Groun:

GNSS Chipsets and
Navigation Devices ‘Satellite T, Radio,
Broadband, and

Mobile Equipment

B HVY/CE

space and technology




