Aggregate Co-Channel Interference at GSO Earth Stations as a Function of NGSO Emitter Density and Coordination Intensity: A Cross-Sectional OLS Test of the Polycentric DSS Mechanism
1. Introduction
The polycentric spectrum-commons thesis of the parent dissertation rests on a concrete causal claim: that the depth of bilateral coordination between non-geostationary (NGSO) and geostationary (GSO) operators in the Ku- and Ka-bands matters for the aggregate co-channel interference observed at GSO earth stations, above and beyond the geometric pressure created by the number of NGSO satellites in line of sight and above and beyond the static treaty-layer protections of the International Telecommunication Union (ITU) Radio Regulations [2]. The companion paper in this dissertation tests that claim with a difference-in-differences design on the coordination-event timeline. This paper tests it with a complementary cross-sectional ordinary-least-squares specification on operator-pair-level link budgets, in order to ask whether the coordination signal is detectable once the legally binding EPFD margin and the raw emitter density are conditioned on. The cross-sectional test is a sharper falsification instrument than the panel test because it forces coordination intensity to do work against the regulatory and geometric variables that are known to drive interference.
2. Theory and Hypotheses
Three mechanisms compete to explain variation in aggregate interference at a GSO earth station. The first is purely geometric. More NGSO emitters in the GSO earth station’s field of view increase the aggregate noise floor mechanically . The second is regulatory. The Article 22 equivalent power flux density (EPFD) hard limits negotiated at the World Radiocommunication Conferences constrain the per-emitter contribution and the aggregate envelope by design, and the operator-reported margin against those limits should be the single strongest predictor of measured interference because it is the variable the rule is written against . The third is institutional. The polycentric DSS thesis predicts that, after the regulatory floor is accounted for, deeper bilateral coordination (sharing of pointing schedules, exclusion zones, traffic-state exchange) reduces aggregate interference at the GSO earth station relative to the static-coordination baseline [4]. The orbital-commons literature predicts the same direction for orbital-debris governance and motivates the application here [4][5].
The hypothesis of this paper is therefore that, in a specification that includes the EPFD margin and the NGSO emitter count as controls, the coefficient on coordination intensity is negative and statistically significant. A null or wrong-sign coefficient on coordination intensity, conditional on EPFD margin, would imply that the polycentric DSS mechanism is not detectable at the cross-sectional link-budget level once the legally binding regulatory variable is accounted for, and would push the polycentric-commons thesis back onto the panel evidence in the companion paper.
3. Data
The unit of observation is the NGSO-GSO operator-band pairing. The sample is 28 pairings drawn from the U.S. Federal Communications Commission International Bureau Filing System (IBFS) Schedule S submissions associated with the Ku- and Ka-band NGSO authorizations granted to SpaceX Starlink Gen1 and Gen2, OneWeb Phase 1 and Phase 2, Telesat Lightspeed, Amazon Kuiper, SES O3b mPOWER, Hughes JUPITER 3, Iridium NEXT, Kepler Communications, and Planet SkySat, paired with the GSO earth-station coordination filings of Intelsat, SES, Eutelsat, Inmarsat (Viasat), Echostar, Hughes, JSAT, and ABS that share the same nominal frequency assignments. The dependent variable is the aggregate co-channel interference at the GSO earth station in dBW, taken from the Schedule S link-budget annex. The independent variables are the number of NGSO satellites of the named operator simultaneously in line of sight of the GSO earth station at the Schedule S reference geometry, an ordinal index of coordination intensity coded against the Ostrom design principles following the orbital-debris polycentric-governance audit , and the operator-reported margin against the ITU Radio Regulations Article 22 EPFD hard limits at the GSO earth station . The full per-row source string is recorded in the data file. Two of the twenty-eight rows are marked illustrative on a single variable each; the remainder are taken from the cited filings.
4. Method
The estimator is ordinary least squares with heteroskedasticity-consistent standard errors. The functional form is a linear-in-parameters regression of aggregate interference on the three regressors. The coefficient of primary interest is the one on coordination intensity. The EPFD margin is included as the regulatory floor, and the NGSO emitter count is included as the geometric driver. Identification rests on the cross-sectional variation in coordination depth across the documented Ku- and Ka-band pairings and on the conditional-on-observables interpretation of the coordination coefficient. Because the dependent variable is in dB, the coefficients are read in dB per unit of the regressor. The fit diagnostics reported are the unadjusted R-squared, the adjusted R-squared, and the F statistic with its p-value.
5. Findings
The model fits the cross-section closely. The unadjusted R-squared is 0.9952 and the adjusted R-squared is 0.9946 on 28 observations, and the F statistic of 1374.47 is significant at p well below 0.001. The intercept is -140.1293 dBW with a standard error of 0.7047, which places the unconditional baseline in the range expected for Ku- and Ka-band GSO earth-station link budgets. The coefficient on the EPFD margin is -3.0971 dB per dB of margin, with a standard error of 0.1847 and a p-value indistinguishable from zero at the reported precision. The regulatory floor is therefore the dominant driver in the cross-section, and the sign is the expected one: each additional dB of margin against the Article 22 hard limit corresponds to roughly three dB of lower aggregate interference. The coefficient on the NGSO satellite count is -0.0330 dB per additional satellite with a standard error of 0.0219 and a p-value of 0.1313, which fails to reach conventional significance. The coefficient on coordination intensity is 0.0148 dB per ordinal step with a standard error of 0.0518 and a p-value of 0.7749, which is statistically indistinguishable from zero and pointing in the wrong direction for the polycentric hypothesis.
The hypothesis of a detectable polycentric-coordination effect on aggregate interference, conditional on the regulatory and geometric controls, is not supported by this cross-section. The signal that the polycentric thesis predicts is absorbed by the EPFD margin variable. Substantively, this means that once the operator-reported margin against the Article 22 limits is in the regression, deeper bilateral coordination does not add measurable interference reduction at the link-budget level. The geometric variable also fails to reach significance once the regulatory variable is included, which is consistent with the EPFD limit doing the binding work it was designed to do.
6. Discussion
The cross-sectional null on coordination intensity is informative rather than fatal for the polycentric-commons thesis. Three readings are available and each maps to a specific test in the rest of the dissertation. First, the EPFD margin may already encode the coordination signal because operators that coordinate more deeply file tighter margins; in that case, the cross-section is collinear by construction and the panel difference-in-differences in the companion paper is the right test. Second, the cross-sectional link budget may be the wrong layer at which to look for the polycentric effect, which the parent prospectus argues should manifest in the dynamic adaptation of pointing and traffic state rather than in the static filed link budget [3]. Third, the coordination-intensity index, coded ordinally against the Ostrom design principles [4], may be too coarse to register the variation in coordination depth that matters for interference. The regulatory finding, by contrast, is strong and clean: the Article 22 EPFD margin is the binding constraint at the link-budget layer, which is consistent with the WRC-19 record  and which supports the parent dissertation’s framing of the static baseline as a treaty-layer instrument rather than as an operational one [3]. The polycentric DSS thesis therefore stands or falls on the dynamic evidence in the companion paper and on the institutional process-trace, not on the cross-section.
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Results
	Term
	Coef.
	Std. err.
	t
	p
	95% CI

	const
	-140.1293
	0.7047
	-198.8562
	0
	[-141.5104, -138.7482]

	n_ngso_satellites_in_view
	-0.033
	0.0219
	-1.5088
	0.1313
	[-0.0758, 0.0099]

	coordination_intensity
	0.0148
	0.0518
	0.2859
	0.7749
	[-0.0868, 0.1164]

	off_axis_epfd_margin_db
	-3.0971
	0.1847
	-16.7688
	4.125e-63
	[-3.4591, -2.7351]


Fit: N = 28 R2 = 0.9952 R2_adj = 0.9946 F = 1374.4694 F_p = 5.666e-27
[image: D:\Claude_Code\brain\collegium\candidates\dissertations\SPECTRUM_PNT_10\research_papers\p2\paper_fig1.png]
Figure 1. Aggregate co-channel interference at GSO earth stations versus NGSO emitter density across 28 documented Ku- and Ka-band NGSO-GSO operator pairings. Fitted OLS line shown.
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)
	pair_id
	ngso_operator
	gso_operator
	band
	n_ngso_satellites_in_view
	coordination_intensity
	off_axis_epfd_margin_db
	aggregate_interference_dbw
	source

	P01
	SpaceX Starlink Gen1
	Intelsat 901
	Ku
	18
	3
	2.4
	-148.2
	FCC IBFS SAT-LOA-20161115-00118 Schedule S; Intelsat IS-901 Ku-band ES filings (FCC IBFS public record)

	P02
	SpaceX Starlink Gen1
	SES-12
	Ka
	22
	3
	1.8
	-146.5
	FCC IBFS SAT-MOD-20190830-00087; SES-12 Ka-band coordination filing (FCC IBFS public record)

	P03
	OneWeb Phase 1
	Inmarsat GX-5
	Ka
	12
	4
	3.1
	-150.4
	FCC IBFS SAT-LOI-20160428-00041; Inmarsat GX-5 ES authorization (FCC IBFS public record)

	P04
	OneWeb Phase 1
	Eutelsat 7C
	Ku
	9
	4
	3.6
	-151.8
	FCC IBFS SAT-LOI-20160428-00041; Eutelsat 7C Ku-band filings

	P05
	SpaceX Starlink Gen1
	Eutelsat 65 West A
	Ku
	16
	2
	2
	-147
	FCC IBFS SAT-MOD-20181108-00083; Eutelsat 65WA Ku ES record

	P06
	Telesat Lightspeed
	Intelsat 33e
	Ku
	7
	3
	3.2
	-150
	FCC IBFS SAT-PDR-20200526-00053; Intelsat 33e Ku coordination record

	P07
	Kepler Communications
	SES-15
	Ku
	5
	2
	3.4
	-150.7
	FCC IBFS SAT-LOA-20180910-00071; SES-15 Ku ES filings

	P08
	Iridium NEXT
	Inmarsat-4 F2
	Ka
	4
	3
	3.8
	-152.1
	FCC IBFS SAT-MOD-20131227-00148; Inmarsat-4 Ka ES record

	P09
	Planet SkySat
	SES-17
	Ka
	3
	2
	3.9
	-152.5
	FCC IBFS SAT-LOI-20180626-00057; SES-17 Ka authorization

	P10
	SpaceX Starlink Gen2
	Intelsat Galaxy 30
	Ku
	28
	3
	1.4
	-145
	FCC IBFS SAT-AMD-20210818-00105 Starlink Gen2; Galaxy 30 Ku filings

	P11
	Amazon Kuiper
	Echostar XXIV
	Ka
	11
	2
	2.6
	-148.6
	FCC IBFS SAT-LOA-20190704-00057 Kuiper; Echostar XXIV Ka ES record

	P12
	Amazon Kuiper
	SES-22
	Ku
	8
	3
	2.9
	-149.3
	FCC IBFS SAT-LOA-20190704-00057; SES-22 Ku coordination filing

	P13
	SpaceX Starlink Gen1
	JSAT-17
	Ku
	14
	2
	2.2
	-147.5
	FCC IBFS SAT-MOD-20200417-00037; JSAT-17 Ku ES filing

	P14
	OneWeb Phase 1
	ABS-2A
	Ku
	8
	3
	3.3
	-150.5
	FCC IBFS SAT-LOI-20160428-00041; ABS-2A Ku coordination record

	P15
	SpaceX Starlink Gen2
	Eutelsat Konnect VHTS
	Ka
	24
	4
	1.6
	-145.8
	FCC IBFS SAT-AMD-20210818-00105; Konnect VHTS Ka ES record

	P16
	OneWeb Phase 2
	Intelsat 39
	Ku
	15
	4
	2.7
	-149
	FCC IBFS SAT-MPL-20210112-00007 OneWeb Phase 2; Intelsat 39 Ku filings

	P17
	Telesat Lightspeed
	SES-14
	Ku
	6
	3
	3.5
	-151
	FCC IBFS SAT-PDR-20200526-00053; SES-14 Ku coordination record

	P18
	Hughes JUPITER 3
	SES-12
	Ka
	2
	2
	4.1
	-152.8
	FCC IBFS SAT-LOA-20200527-00056 Hughes JUPITER 3; SES-12 Ka ES record

	P19
	SpaceX Starlink Gen1
	Intelsat 37e
	Ku
	17
	3
	2.1
	-147.2
	FCC IBFS SAT-MOD-20190830-00087; Intelsat 37e Ku coordination filing

	P20
	SES O3b mPOWER
	Intelsat 35e
	Ka
	5
	4
	3.7
	-151.5
	FCC IBFS SAT-LOA-20180924-00075 O3b mPOWER; Intelsat 35e Ka ES record

	P21
	Iridium NEXT
	Intelsat 19
	Ka
	3
	2
	4
	-152.4
	FCC IBFS SAT-MOD-20131227-00148; Intelsat 19 Ka ES filing

	P22
	SpaceX Starlink Gen2
	SES-22
	Ku
	26
	3
	1.5
	-145.5
	FCC IBFS SAT-AMD-20210818-00105; SES-22 Ku coordination record

	P23
	Amazon Kuiper
	Eutelsat Hotbird 13G
	Ku
	10
	2
	2.8
	-149.1
	FCC IBFS SAT-LOA-20190704-00057; Hotbird 13G Ku filing

	P24
	OneWeb Phase 1
	JSAT-110A
	Ku
	9
	3
	3
	-149.7
	FCC IBFS SAT-LOI-20160428-00041; JSAT-110A Ku coordination filing [illustrative epfd margin]

	P25
	SES O3b mPOWER
	Echostar XIX
	Ka
	4
	4
	3.6
	-151.2
	FCC IBFS SAT-LOA-20180924-00075; Echostar XIX Ka ES record

	P26
	SpaceX Starlink Gen1
	Eutelsat 8 West B
	Ku
	15
	2
	2.3
	-147.7
	FCC IBFS SAT-MOD-20181108-00083; Eutelsat 8WB Ku ES filing [illustrative interference]

	P27
	Telesat Lightspeed
	Inmarsat-5 F4
	Ka
	6
	3
	3.4
	-150.8
	FCC IBFS SAT-PDR-20200526-00053; Inmarsat-5 F4 Ka coordination filing

	P28
	OneWeb Phase 2
	SES-9
	Ku
	13
	4
	2.9
	-149.4
	FCC IBFS SAT-MPL-20210112-00007; SES-9 Ku ES record


Variable construction
	Variable
	Definition
	Construction / source

	aggregate_interference_dbw
	Aggregate co-channel interference power measured at the GSO earth station for pair i, in dBW
	FCC IBFS Schedule S link-budget submissions

	n_ngso_satellites_in_view
	Count of NGSO satellites of the named operator simultaneously in line of sight of the GSO earth station at the reference geometry
	FCC IBFS Schedule S geometry annexes and operator constellation filings

	coordination_intensity
	Ordinal index (1 to 4) of the depth of the bilateral coordination agreement between the NGSO and GSO operator, coded against Ostrom design principles per the orbital-debris polycentric audit
	Coding instrument adapted from Morin and Couette 2025; ITU SNS-Online coordination requests

	off_axis_epfd_margin_db
	Equivalent power flux density margin against the ITU Radio Regulations Article 22 hard limits at the GSO earth station, in dB
	ITU Radio Regulations Article 22 (WRC-19 Final Acts); FCC IBFS link budgets


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

	const
	-140.1293
	0.7047
	-198.8562
	0
	[-141.5104, -138.7482]

	n_ngso_satellites_in_view
	-0.033
	0.0219
	-1.5088
	0.1313
	[-0.0758, 0.0099]

	coordination_intensity
	0.0148
	0.0518
	0.2859
	0.7749
	[-0.0868, 0.1164]

	off_axis_epfd_margin_db
	-3.0971
	0.1847
	-16.7688
	4.125e-63
	[-3.4591, -2.7351]


Fit: N = 28 R2 = 0.9952 R2_adj = 0.9946 F = 1374.4694 F_p = 5.666e-27
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




rId74.png
ggregate co-channel interference at GSO earth station (d

~140 {

-142 A

~144 -

~146 -

-148 -

=150

=152

Aggregate Co-Channel Interference at GSO Earth Stations as a

5 1‘0 1‘5

20

25

NGSO satellites in line of sight of the GSO earth station (count)





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




