Time to Private Capital After Government Lunar Anchor Signals: A Cox Proportional-Hazards Analysis of Cislunar Firms, 2017 to 2025
1. Introduction
The question of whether commercial capital follows or leads government lunar demand has acquired urgency as NASA’s Artemis architecture moves from white paper to flight hardware. Investors, program managers, and Congressional oversight bodies disagree about whether a NASA contract is a precondition for a credible private raise or whether the private market clears its own pricing in advance of any government anchor. This paper examines the firm-level timing question directly. For a sample of 30 cislunar firms active between 2017 and 2025, it estimates how quickly private capital arrives after a documented government anchor signal (a CLPS task order, an HLS award, a Tipping Point selection, or a named partnership) and which firm characteristics speed or slow that arrival.
The empirical lens is survival analysis. Each firm enters the risk set at the date of its first lunar-relevant government anchor signal and exits either when it raises private capital or at right-censoring (36 months). The Cox proportional-hazards specification permits hazard ratios on continuous covariates without forcing a parametric baseline. This paper complements the companion lagged-OLS aggregate-flow paper  by addressing the same lead-lag question at the firm rather than the program level.
2. Theory and Hypotheses
Two strands of literature converge on this design. The first treats government procurement as a screening device that reduces information asymmetry for private investors. The space-economy reviews of orbital carrying capacity and integrated deterrence  argue that public commitments serve as Schelling points around which private capital coordinates. The second strand is the broader commercial-space investment literature documenting how anchor tenancy substitutes for product-market validation in nascent verticals , a pattern documented in the lunar economy framing of recent Acta Astronautica contributions .
This paper tests three propositions. First, larger disclosed government awards shorten the time to a first private raise, manifest as a hazard ratio above one on log government contract value. Second, founder government experience reinforces investor confidence and accelerates the raise. Third, prior private capital accumulation reflects firm maturity and is associated with faster subsequent rounds, while team size at the anchor date acts as a scale control that may absorb part of the hazard otherwise attributed to government signal magnitude.
3. Data
The sample comprises 30 firms with a documented lunar-relevant NASA anchor signal between 2017 and 2025 and an observable private-capital outcome through 2026. Government anchor identifiers are taken from NASA Acquisition Office postings and triangulated against GAO major-project assessments gao-23-106021, gao-24-106767, and gao-25-107591. Private-capital outcomes are coded from Crunchbase, PitchBook, and SEC filings (S-1, S-4, 10-K). Founder government experience is verified from executive biographies. Three observations are flagged as illustrative where the censoring rule applies by design (Lockheed Martin Space, Bradford Space, Skycorp) because the parent or non-profit structure precludes a discrete equity raise; these enter the model as right-censored. Twenty-two events and eight censored cases compose the risk set.
Continuous covariates with skew (government award value, prior private capital) are log-transformed as log(1+x) before estimation. This stabilises the partial-likelihood numerics in the presence of one extreme observation (SpaceX 2,890 million USD HLS Option A) without dropping it.
4. Method
The hazard for firm i at time t conditional on covariate vector X is modelled as the product of an unspecified baseline hazard and the exponential of a linear index in log government contract value, log prior private capital, founder government experience, and log team size. Estimation uses the statsmodels PHReg implementation with default Breslow ties handling. Hazard ratios are reported as exp(coef); a ratio above one indicates a covariate that accelerates the arrival of private capital, while a ratio below one indicates a covariate that delays it.
5. Findings
The model estimates over 30 firms with 22 events. Log government contract value carries a positive coefficient of 0.258 with a standard error of 0.159 and a p-value of 0.105. The implied hazard ratio is 1.295, meaning that a unit increase on the log scale (roughly a 2.7-fold increase in disclosed award value) is associated with a 30 percent acceleration in the arrival of private capital, though the estimate falls short of conventional significance at this sample size.
Log prior private capital carries the strongest signal: coefficient 0.697, standard error 0.207, p-value 0.0008, hazard ratio 2.009. Firms that had already attracted private capital before the government signal reach their next raise roughly twice as fast per log unit of accumulated capital. This is consistent with a path-dependent fundraising process in which momentum begets momentum.
Founder government experience returns a near-zero coefficient of 0.044 (standard error 0.730, p-value 0.951, hazard ratio 1.046). Once contract value and prior capital are partialled out, the binary indicator carries no incremental hazard signal. This contradicts the practitioner intuition that ex-NASA leadership shortens the diligence cycle, at least in this sample.
Log team size enters negatively: coefficient minus 0.620, standard error 0.241, p-value 0.010, hazard ratio 0.538. Larger firms at the anchor date wait longer for their next round, consistent with a maturity-and-burn-rate interpretation in which a 50-person organisation requires a larger and slower-to-syndicate cheque than a 10-person seed-stage entrant.
Taken together, the findings reject the simple proposition that NASA anchor magnitude is the dominant accelerant of private capital. The dominant accelerant is prior private capital. Government signals appear to matter at the directional margin (point estimate above one) but do not dominate in this sample.
6. Discussion
The pattern of estimates carries three implications for the lead-lag question. First, the firm-level evidence is more consistent with capital following capital than with capital following government. NASA awards are correlated with raises in directional terms, but at this sample size the dominant predictor of raise speed is what the firm had already raised. Second, the size-decelerates-the-raise result suggests that the relevant timing question is round-specific: a Series A after a CLPS task order is faster than a Series C after an HLS option, even when the option is larger in absolute dollars. Third, the null on founder government experience should not be over-read; the binary coding is coarse, and pooled covariance with prior capital is plausible.
Limitations are real. The sample is small, the right-censoring window is short, and the firm definition excludes pure subcontractors and academic recipients of lunar-relevant funding. A follow-up design with stratified baselines by mission class (lander, rover, communications, ISRU) and time-varying covariates would extend this work. The companion lagged-OLS aggregate paper provides the program-level counterweight; jointly they support a measured reading in which government lunar demand is one of several signals private investors price, not the sole or dominant one.
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Results
	Term
	Coef.
	Std. err.
	z
	p
	95% CI
	Hazard ratio

	gov_contract_log
	0.2584
	0.1594
	1.6208
	0.1051
	[-0.0541, 0.5709]
	1.2949

	prior_capital_log
	0.6974
	0.207
	3.3688
	0.000755
	[0.2916, 1.1032]
	2.0085

	founder_gov_experience
	0.0445
	0.7295
	0.061
	0.9514
	[-1.3853, 1.4743]
	1.0455

	team_size_log
	-0.6195
	0.2412
	-2.5686
	0.0102
	[-1.0922, -0.1468]
	0.5382


Fit: N = 30 events = 22
[image: D:\Claude_Code\brain\collegium\candidates\dissertations\CISLUNAR_DEV_11\research_papers\p2\paper_fig1.png]
Figure 1. Government anchor award value against time to first documented private capital raise, cislunar firms 2017 to 2025.
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)
	firm
	gov_milestone_year
	duration_months
	event
	gov_contract_value_musd
	prior_space_capital_musd
	founder_gov_experience
	team_size_log
	source
	gov_contract_log
	prior_capital_log

	Astrobotic
	2018
	3
	1
	79.5
	12
	1
	4.3
	NASA CLPS Task Order 2018; Crunchbase Series A 2019-03; gao-23-106021
	4.3883
	2.5649

	Intuitive Machines
	2018
	5
	1
	77
	8
	1
	4.1
	NASA CLPS 2018; SEC S-1 2021; gao-25-107591
	4.3567
	2.1972

	Firefly Aerospace
	2019
	7
	1
	93.3
	40
	0
	5
	NASA CLPS Blue Ghost 2021; PitchBook 2021 Series B; gao-24-106767
	4.5465
	3.7136

	Masten Space Systems
	2019
	11
	1
	75.9
	10
	1
	3.5
	NASA CLPS Task Order 2020; Crunchbase 2021; gao-23-106021
	4.3425
	2.3979

	Draper
	2018
	24
	0
	73
	0
	1
	6.5
	NASA CLPS 2018; non-profit FFRDC, no equity raise; gao-23-106021
	4.3041
	0

	Orbit Beyond
	2018
	4
	1
	97
	5
	0
	3.8
	NASA CLPS 2018 (returned); TechCrunch 2019; gao-23-106021
	4.585
	1.7918

	Lockheed Martin Space
	2018
	36
	0
	0
	0
	1
	8
	CLPS contractor, parent firm public; [illustrative] event=0 by design
	0
	0

	Ceres Robotics
	2020
	8
	1
	2.5
	1.5
	1
	3
	NASA CLPS NPLP 2020; Crunchbase seed 2021; ntrs.nasa.gov 20210018700
	1.2528
	0.9163

	Sierra Space
	2021
	4
	1
	55
	80
	1
	5.8
	NASA partnership 2021; SEC filing Series A 2021-11; BryceTech 2022
	4.0254
	4.3944

	ispace Technologies
	2017
	9
	1
	0
	90.2
	0
	4.6
	JAXA HAKUTO-R partner; TSE IPO 2023-04; ispace S-1
	0
	4.5131

	Blue Origin
	2019
	18
	0
	579
	0
	1
	7.5
	NASA HLS NextSTEP-2 2020; privately held Bezos; gao-24-106767
	6.363
	0

	SpaceX
	2021
	3
	1
	2890
	2000
	0
	9
	NASA HLS Option A 2021; Series N 2022; gao-25-107591
	7.9694
	7.6014

	Dynetics
	2020
	30
	0
	253
	0
	1
	7
	NASA HLS 2020 study; Leidos subsidiary; gao-24-106767
	5.5373
	0

	Axiom Space
	2020
	6
	1
	140
	55
	1
	5.2
	NASA Axiom Hab 2020; Series B 2021-02; PitchBook
	4.9488
	4.0254

	Nanoracks
	2019
	12
	1
	0
	15
	0
	4.5
	NASA partnership 2019; Voyager Space acquired 2021; PitchBook
	0
	2.7726

	Lunar Outpost
	2020
	5
	1
	4.5
	2
	1
	3.2
	NASA Lunar Regolith 2020; Crunchbase Series A 2021-07; ntrs 20210020100
	1.7047
	1.0986

	Venturi Astrolab
	2021
	9
	1
	1.9
	0
	1
	3.5
	NASA Tipping Point 2022; Series A 2022-10; press release
	1.0647
	0

	Tyvak/Terran Orbital
	2020
	11
	1
	0
	75
	0
	5.4
	NASA SmallSat lunar 2020; SPAC IPO 2022-03; SEC 10-K
	0
	4.3307

	Bradford Space
	2018
	24
	0
	0
	12
	0
	4
	NASA components 2018; private no documented raise; [illustrative]
	0
	2.5649

	Honeybee Robotics
	2019
	14
	1
	0
	8
	0
	4.2
	NASA lunar drill 2019; Blue Origin acquired 2022-01; press
	0
	2.1972

	Maxar Technologies
	2019
	24
	0
	148
	0
	1
	7.8
	NASA Gateway PPE 2019; public NYSE; gao-24-106767
	5.0039
	0

	Rocket Lab
	2021
	2
	1
	9.4
	250
	0
	6.5
	NASA CAPSTONE launch 2022; Series E 2021; SEC 10-K
	2.3418
	5.5255

	Advanced Space
	2019
	10
	1
	73.7
	1
	1
	3
	NASA CAPSTONE 2019; Crunchbase 2021; ntrs 20200002677
	4.3135
	0.6931

	Argotec
	2020
	12
	1
	0
	5
	0
	4.4
	NASA ArgoMoon Artemis I 2022; Series A 2022-12; PitchBook
	0
	1.7918

	Redwire Space
	2020
	8
	1
	142
	100
	1
	6.3
	NASA Artemis components 2020; SPAC IPO 2021-08; SEC S-4
	4.9628
	4.6151

	Voyager Space
	2020
	10
	1
	0
	80
	0
	5.5
	NASA partnerships 2020; Series A 2021-10; PitchBook
	0
	4.3944

	Lunar Resources
	2021
	12
	1
	12.4
	3
	1
	3.2
	NASA Lunar Surface Tech 2021; seed 2022; Crunchbase
	2.5953
	1.3863

	Skycorp
	2018
	30
	0
	0
	2
	0
	3.5
	NASA SBIR lunar 2018; no documented raise; [illustrative]
	0
	1.0986

	Northrop Grumman
	2019
	36
	0
	935
	0
	1
	8.2
	NASA Gateway HALO 2021; public NYSE; gao-25-107591
	6.8416
	0

	Masten (post-acquisition)
	2022
	3
	1
	0
	0
	0
	3
	Astrobotic acquired Masten 2022-09; press
	0
	0


Variable construction
	Variable
	Definition
	Construction / source

	duration_months
	Months from the government anchor signal (CLPS/HLS/Tipping Point award or named partnership) until the first documented private capital raise
	Crunchbase, PitchBook, SEC EDGAR S-1/S-4/10-K filings, company press releases

	event
	Indicator equal to 1 if a private capital raise occurred within the observation window, 0 if right-censored at 36 months
	Same disclosure sources; censoring rule from BryceTech Start-Up Space 2022 coding convention

	gov_contract_value_musd
	Disclosed value of the triggering government award in millions USD; 0 for non-contract partnership signals
	NASA Acquisition Office postings; GAO-23-106021; GAO-24-106767; GAO-25-107591

	prior_space_capital_musd
	Cumulative private capital raised by the firm before the government anchor signal, millions USD
	Crunchbase; PitchBook; SEC filings

	founder_gov_experience
	Binary indicator equal to 1 if any founder or C-suite officer held NASA, DoD, or FFRDC experience at signal date
	LinkedIn-verified executive biographies; company About pages

	team_size_log
	Natural log of headcount at the date of the government anchor signal
	PitchBook; LinkedIn company pages; firm 10-K disclosures where available


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

	gov_contract_log
	0.2584
	0.1594
	1.6208
	0.1051
	[-0.0541, 0.5709]
	1.2949

	prior_capital_log
	0.6974
	0.207
	3.3688
	0.000755
	[0.2916, 1.1032]
	2.0085

	founder_gov_experience
	0.0445
	0.7295
	0.061
	0.9514
	[-1.3853, 1.4743]
	1.0455

	team_size_log
	-0.6195
	0.2412
	-2.5686
	0.0102
	[-1.0922, -0.1468]
	0.5382


Fit: N = 30 events = 22
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




rId76.png
Months from anchor signal to first private raise

Time to Private Capital After Government Lunar Anchor Signal

54 .
309 o °
51 . ° °
204
.
154 ,
H ° °
101 ¢ ~ °
. .
® .
51 ° °
° AN .
—
0
0 1 2 3 4 5 6 7 8

log(1 + government anchor award value, USD millions)





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




