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Small Satellite Mass Categories

Femtosatellite:  0.001 - 0.01 kilograms
Picosatellite: 0.01 - 1 kilograms
Nanosatellite:  1-10 kilograms
Microsatellite: 10 - 100 kilograms
Minisatellite: 100 - 180 kilograms

Note: 1 kilogram equals 2.21 pound's

Source: "What are Smallsats and Cubesats.” NASA. February 26, 2015. https:/www.
nasa.gov/content/what-are-smallsats-and-cubesats (Accessed March 10, 2019).

Common Cubesat Useful Volume Dimensions
and Masses

1U:  10x10x10 centimeters/1.33 kilograms
1.5U: 10x10x15 centimeters/2 kilograms
2U:  10x10x20 centimeters/2.66 kilograms
3U:  10x10x30 centimeters/4 kilograms
6U:  10x20x30 centimeters/8 kilograms
12U:  20x20x30 centimeters/16 kilograms

Note: 1 centimeter equals .39 inches. 1 kilogram equals 2.21 pounds.

Source: "Cubesat Design Specification,” Revision 13. California Polytechnic State
University, San Luis Obispo. April 6, 2015. https://www.cubesat.org/s/cds_revi3_final2.
pdf (Accessed March 10, 2019).

Primary Mission Segment Descriptions

Civil Government: Government-sponsored space products and
services provided to the public, usually for little or no profit.

Commercial: Products and/or services sold to the public, using
little or no public investment for running the business and mission.

Military: Government-sponsored missions and products serving a
nation’s defense and/or power projection.

Common Orbit Descriptions

* Low Earth Orbit (LEO) is commonly accepted as being between
200 and 2,000 kilometers above the Earth’s surface. Spacecraft
in LEO make one complete revolution of the Earth in about a
90-minute window.

* Medium Earth Orbit (MEO) is the region of space around the
Earth above LEO (2,000 kilometers) and below geosynchronous
orbit (35,790 km). The orbital period (time for one orbit) of MEO
satellites ranges from about two to 12 hours. The most common
use for satellites in this region is for navigation, such as the United
States’ Global Positioning System (GPS).

* Geosynchronous Equatorial Orbit (GEO) is a region in which
a satellite orbits at approximately 35,790 kilometers above
the Earth’s surface. At this altitude, the orbital period is equal
to the period of one rotation of the Earth. By orbiting at the
same rate in the same direction as Earth, the satellite appears
stationary relative to the surface of the Earth. This is effective for
communications satellites. In addition, geostationary satellites
provide a “big picture” view, enabling coverage of weather
events. This is especially useful for monitoring large, severe
storms and tropical cyclones.

* Polar Orbit refers to spacecraft at near polar inclination (80 to 90
degrees) and an altitude of 700 to 800 kilometers. Many polar-
orbiting spacecraft are in a Sun-Synchronous Orbit (SSO), in which
a satellite passes over the equator and each latitude on the Earth’s
surface at the same local time every day, meaning that the satellite
is overhead at essentially the same time throughout all seasons of
the year. This feature enables collection of data at regular intervals
and consistent times, conditions that are particularly useful for
making long-term comparisons.

« Highly Elliptical Orbits (HEO) are characterized by a relatively
low-altitude perigee (the orbital point closest to Earth) and an
extremely high-altitude apogee (the orbital point farthest from
Earth). These extremely elongated orbits have the advantage
of long periods of visibility on the planet's surface, which can
exceed 12 hours near apogee. These elliptical orbits are useful for
communications satellites.

* GEO Transfer Orbit (GTO) is an elliptical orbit of the Earth, with the
perigee in the LEO region and apogee in the GEO region. This orbit
is generally a transfer path after launch to LEO by launch vehicles
carrying a payload for GEO.

This methodology and algorithm is used to classify orbits based on
their most recent orbital elements. It is not meant to classify other
special orbits (heliocentric, planetocentric, selenocentric, barycentric,
solar system escape, etc.).
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This mosaic of Mars is a compilation of images
captured by the Viking Orbiter 1. NASA is
scheduled to launch the Mars Perseverance
rover to gather data and advance scientific
and geographic understanding of the planet.

Credit: NASA/JPL-Caltech
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If ever there were a time for Hope, Perseverance, and Ingenuity, it is now.

Within days of each other in July, three missions to Mars are scheduled to launch, a momentous achievement in space
exploration that comes as the global death toll from COVID-19 surpassed 651,000 worldwide and approximately 147,000 in
the United States.

Hope came first. On July 19, the United Arab Emirates, assisted by a Japanese rocket and launch from the Tanegashima
Space Center, lofted a probe named Hope, or Al Amal in Arabic. The mission is the first interplanetary undertaking for an
Arab nation. The probe is expected to orbit Mars for a year to gather atmospheric data.

Perseverance and Ingenuity are scheduled to follow. Propelled by a United Launch Alliance Atlas V rocket, NASA’s
Perseverance rover is set to launch July 30 from Cape Canaveral. Perseverance will explore the Red Planet for evidence
of microbial life, analyze the atmosphere in more detail, and gather rocks for a possible return to Earth. Ingenuity is the
onboard helicopter poised to become the first aircraft flown on another planet.

A third mission to Mars launched a week before the scheduled liftoff of Perseverance. China’s Tianwen-1 launched aboard
a Long March-5 rocket from the Wenchang Space Launch Center. That mission, too, will explore the planet’s surface.

These missions reflect years of shared scientific purpose on Earth — a combination of education, communication and
planning that holds the promise of furthering our knowledge of the universe and advancing life on Earth.

Throughout this quarterly edition of The Space Report, the body of research and analysis provides ample evidence of
the growth last year of the space industry, the benefits space products provide to daily life on Earth, and the growing
commitment many nations have to their presence in space.

Those leading the way are inviting others. During a July Space Foundation webinar “Roving the Red Planet,” NASA
Administrator Jim Bridenstine welcomed any nation willing to enter space. “We need more partners,” he encouraged.

The Space Report 2020 Q2 provides insight and analysis about what is happening across a variety of sectors in the space
industry. The data compiled is from 2019, well before coronavirus became a global economic issue.

Here’s what you'll find in this issue:

B 1 | The Space Economy
The global space economy grew more than $9 billion in 2019, reaching $423.80 billion worldwide. Commercial revenue,
totaling more than $336 billion, held steady at approximately 80% of the total economy.

Governments collectively contributed $86.9 billion to the global space economy in 2019, a 1% increase over 2018 and a 16%
increase over the previous decade. Defense spending composed approximately 37% of governmental space spending in 2019,
with civil government initiatives utilizing the remaining 63%. Preliminary commercial figures place governmental space
spending at 20.5% of the 2019 global space economy figure.

Of this investment, 54% can be attributed to U.S. government spending, with budget analysis of 32 other countries
comprising the remaining 46%. The U.S. space budget in 2019 increased by 1.8% in the civil sector but decreased by
approximately 9% in the defense sector, yielding an overall 3.8% reduction in U.S. space spending. Notably, 2019 marked
one of only three years in the past decade where U.S. civil space spending outpaced military space spending.

1 Q2—The Space Report 2020 | The Authoritative Guide to Global Space Activity | www.TheSpaceReport.org
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Non-U.S. nations invested $40.2 billion in space in 2019, a 7.2% increase over the previous year and a 44% increase over the
preceding decade. Of non-U.S. government space spending, 24% was allocated to defense activities, with the remaining 76%
allocated to civil initiatives. Preliminary commercial figures reveal that non-U.S. government spending constituted 9.5% of
the global space economy in 2019.

B 2 | Space Workforce

In 2019, the European space workforce included an estimated 47,895 employees working on design, development, and man-
ufacturing of space assets. This is 6.2% larger than 2018, when the workforce included 45,117. A small portion of this increase
is due to the addition of six new countries to the annual survey conducted by Eurospace, the European space industry asso-
ciation. These new additions — Bulgaria, Cyprus, Latvia, Lithuania, Romania, and Slovakia — accounted for 313 employees,
0.7% of the total European workforce.

More than 80% of the European workforce is based in just five nations: France, Germany, Italy, Spain, and the United King-
dom. All five of these nations have experienced double-digit growth in the size of their workforce from 2014 to 2019, and all
but Italy also grew from 2018 to 2019.

Europe’s space workforce grew faster in 2019 than those in the U.S,, Japan, or India. Those nations showed growth of 2-2.4%.

B 3 | Space Infrastructure

Three nations accounted for 72% (333) of the 466 spacecraft deployed in 2019: The U.S., China, and Russia. U.S. operators
deployed 258 spacecraft in 2019, or 55% of 466 spacecraft. This percentage is an increase for the U.S. compared to 2018
when the U.S. sent 39% (180 spacecraft) into orbit of that year’s total number of deployed spacecraft. China’s space operators
followed with 49 spacecraft, 9% of all spacecraft deployed in 2019, a decrease from 2018 when China took a 16% share of
total deployed spacecraft (73). Russia accounted for the remaining 26 spacecraft (6% of 2019’s spacecraft deployments).
Those deployments are an increase for Russia from 2018 when they deployed 21 spacecraft and accounted for a 4.5% share.

B 4 | Space Products and Innovation

Innovation and rapid product development by space companies have been on full display during the global response to
the coronavirus pandemic. Companies around the world have introduced new ventilators, developed personal protection
equipment, and put remote sensing satellite capabilities to use in tracking data relevant to environmental and societal
changes in recent months.

Sometimes, the disasters that befall us are weather-related. Fortunately, scientists are using a multitude of resources to learn
more about severe weather, including remote sensing satellites that monitor the Earth from space and provide weather alerts
in as little as 15 minutes. New satellite technology is providing advancements in climate and water quality data collection.

As you read this report
The data presented is a quarterly snapshot of global space activity.
To learn more, updates from The Space Report are available on a subscription basis, as are data sets
that are not included in this document. To find the data you need, sign up today at:

TheSpaceReport.org
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EXHIBIT 1a. Topics Covered in The
Space Economy

1.0 Introduction

1.1 The 2019 Global Space Economy

1.2 Government Space Investment

1.3 U.S. Government Space Investment

1.3.1 U.S. Military Space Investment

1.3.2 U.S. Civil Government Space Investment

1.3.2.1 NASA

1.3.2.2 NOAA

1.3.2.3 NSF

1.3.2.4 Department of Energy, Interior and Agriculture

1.3.2.5DOT

1.4 Non-U.S. Government Space Investment

1.4.1 Non-U.S. Military Space Investment

1.4.2 Non-U.S. Civil Government Space Investment

14.2.1 Argentina

14.2.2 Australia

14.2.3 Canada

14.2.4 China

14.2.5 ESA

14.2.6 EU

14.2.7 EUMETSAT

14.2.8 France

14.2.9 Germany

14.2.10 India

14.2.11 Israel

14.212 ltaly

14.2.13 Japan

1.4.2.14 New Zealand

14.2.15 Russia

1.4.2.16 South Korea

14.2.17 Spain

1.4.2.18 Switzerland

14.2.19 UAE

14.2.20 UK.

SNAPSHOT: Government Space Spending in 2019

1.0 Introduction | Space is a global enterprise, with companies,
private backers, and nations around the world investing in commercial,
civil and defense space sectors. In 2019, well before the global coronavirus
pandemic began shaking investor confidence, delaying launches,

and leading to sweeping unemployment, the global space economy
continued to grow in financial commitment and expand into

new enterprises.

The European Space Agency and the software corporation SAP put final signatures
in May 2019 to an agreement establishing the World Space Alliance, which will create
commercial programs for sharing satellite Earth observation data.

Crediit: ESA

1.1 The 2019 Global Space Economy

From 2018 to 2019, according to research and analysis by Space Foundation,
commercial and government spending increased more than $9 billion to $423.80
billion for 2019, a 2.2% increase over the prior year and a 73% increase over the
past decade, when the total was $245.06 billion.

EXHIBIT 1b. Global Space Activity, 2019

@ Commercial Infrastructure
and Support Industries

® Commercial Space Products

$47.17B 119.17B i
(11.2%) $( 28.0%) and Services
@ U.S. Government Space
Budgets
Non-U.S. Government
Space Budgets
$217.72B
(51.3%)
Total: $423.80 Billion O ERRTHE

Commercial spending continued to account for almost 80% of total spending,
climbing to $336.89 billion in 2019. A more detailed analysis of commercial rev-
enue activity will be available in The Space Report 2020, Quarter Three.

In this quarterly report, the economic analysis focuses on government spend-
ing. Though only 20.5% of the total global space economy, government spending
illustrates the continuing democratization of space. Where once Russia and the
United States dominated — and remain at the forefront still — they are joined
now by dozens of nations that view space as an economic driver and launch pad
for improved quality of life for their citizens.

Space Foundation builds the annual global space economy figure upon extensive internal and external research into gov-
ernmental and commercial space markets. In 2019, the Research & Analysis team pulled government space budgets from

3 Q2—The Space Report 2020 | The Authoritative Guide to Global Space Activity | www.TheSpaceReport.org
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the federal documents and public statements of 33 key nations in the civil sector and eight in the defense sector to compile

its estimate for government space investment globally.

Efforts are also undertaken to isolate spending into individual classifications. For example, European Space Agency (ESA)

and EUMETSAT contributions are subtracted from national space budgets for member states to avoid double-counting
the budget of each agency. All non-U.S. national military spending is similarly removed and incorporated into non-U.S.
military space. In some cases, due to a lack of publicly available data or classified military data, Space Foundation develops

estimates for U.S. and non-U.S. military space spending, the space spending of three additional U.S. civil agencies, and

Chinese space spending.

1.2 Government Space Investment
Across the globe, nations and international government organizations invested in space infrastructure and activities in 2019,
collectively contributing $86.9 billion to the global space economy. This figure represents a 1% increase over a revised 2018
figure of $86 billion and a 16% increase over the previous decade.

U.S. government spending accounted for 54% of all government space budgets in 2019. The other 46% is derived from space
spending by 32 other countries.

Defense spending composed approximately 37% of governmental space spending in 2019, with civil government initiatives
utilizing the remaining 63%. The numbered sections below analyze government investment on a country-level by sector and

detail Space Foundation’s figure for global government space spending in 2019.

1.3 U.S. Government Space Investment

The U.S. government has ramped up defense and civil space activities dramatically in the past three years. At the advice
of the National Space Council after its first meeting in October 2017, President Trump signed Space Policy Directive-1

in December 2017, formerly declaring U.S. aspirations to establish an “integrated program with private sector partners
for a human return to the Moon, followed by missions to Mars and beyond.”* This led to the development of a National
Space Strategy in March 2018 with four major goals: transition the U.S. to “more resilient space architectures;” strengthen
deterrence and defense-based threat responses with space components; improve foundational U.S. space capabilities,
structures, and processes; “foster conducive domestic and international environments” for space economic and

technological development.® Space Policy Directive-2 in May 2018 directed a number of agencies to reform and streamline
the licensing of the commercial space industry.* Space Policy Directive-3, in June 2018, initiated the development of “new
approach to space traffic management (STM).”*> Most recently, Space Policy Directive-4 in February 2019 authorized the
Space Force,® an agency formally established on Dec. 20, 2019, under the Fiscal Year 2020 National Defense Authorization
Act (FY 2020 NDAA) as a separate branch of the Armed Forces within the Department of the Air Force.”

EXHIBIT 1c. U.S. Government Agency Space Budgets, 2019

Agency
Department of Defense (DoD)*

Budget
$23.049B

National Aeronautics and Space Administration (NASA) $21.500B
Department of the Interior (DOI) (including USGS)* $0.078B

Department of Energy (DOE)*
National Science Foundation (NSF)*

$0.180B
$0.610B

National Oceanic and Atmospheric Administration (NOAA) $1.699B

Department Of Transportation (DOT)

$0.036B

United States Department of Agriculture (USDA)* $0.017B

Total

*Space Foundation estimate
Source: Space Foundation Database

$47.169B

Moving beyond legislation into appropriations, the U.S. space budget in
2019 increased 1.8% in the civil sector but decreased approximately 9%
in the defense sector, yielding an overall 3.8% reduction in U.S. space
spending. Five of the seven U.S. civil agencies identified as conducting
space activities increased their space investment in 2019, constituting
collectively 47.5% of all U.S. space spending: National Aeronautics and
Space Administration (NASA), Department of Transportation (DOT),
Department of Energy (DOE), United States Department of Agriculture
(USDA), and National Science Foundation (NSF). The Department of
Interior (DOI)’s minimal size (0.2% of total U.S. space spending) and
rate of reduction (0.4%) cannot sufficiently explain the overall

4 Q2—The Space Report 2020 | The Authoritative Guide to Global Space Activity | www.TheSpaceReport.org
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EXHIBIT 1d. U.S. Government Space Spending, 2019 reduction in U.S. space spending.

Instead, the overall decrease in U.S.
space spending can be attributed to

04% the remaining two U.S. agencies with
I Department of Defense

. . space investments: National Oceanic
National Aeronautics and Space

Administration and Atmospheric Administration
u Xfrﬂgg&']gﬁgirgr%?;‘gtraﬁon (NOAA) and Department of Defense
National Science Foundation (DoD). For detailed information of the
M Department of Agriculture :
Depariment of nterir space spending of ea.ch agency, look to
48.86% B Department of Energy the agency-level sections that follow.

I Department of Transportation

As a result of these shifts, a few
interesting trends have emerged.
Total: $47.17 B Notably, the U.S. space budget is
approximately 0.1% lower than a
decade ago. Relative to 2010, a single year
enacted greater space spending — 2018.
Furthermore, 2019 marked one of only three
years in the past decade where U.S. civil space
0% spending outpaced military space spending,
all of which occurred in the past four years.

EXHIBIT 1e. Rate of Change in U.S. Government Space Spending, 2010-2019

5%

5%

-10% 1.3.1U.S. Military Space Investment
Determining U.S. military space spending
is difficult due to the classified nature of as
o0 om 0w 203 20w 055 2006 207 208 2018 much as 23% of the Department of Defense

(DoD) budget, as in the case of the Research
Development, Test & Evaluation Program
(RDT&E). Despite the release of two space directives over the course of 2018 calling for new programs and initiatives, the
2018 Aeronautics and Space Report of the President recorded a 22% reduction in DoD space spending over the previous
year.® A separate line-item analysis by Space Foundation of DoD space spending, however, shows a 22% increase in DoD
space spending for 2018. For purposes of 2019, the Foundation stayed with the line-item analysis, which matches previous
methodologies. The 2019 Aeronautics and Space Report of the President has not yet been released.

Rate of Change Relative to 2010

-15%

Source: Space Foundation Database

Space Foundation calculated total U.S. military space spending in 2019 by applying the change in identifiable DoD
unclassified military space programs to a revised 2018 total DoD space spending figure. Line item analysis revealed that
unclassified DoD space spending decreased more than 14% in 2019. Tabulated alongside classified spending and assuming
classified and unclassified spending shifted by equitable degrees, this produced an estimated average 9% reduction in DoD
space spending between 2018 and 2019 — yielding a 2019 figure of $23 billion.’

In this analysis, unclassified space-related procurement operations decreased in funding by 34% and classified procurement
decreased 4%. Operations and maintenance funding decreased 10%. The only sector of the DoD budget that grew in 2019
(6%) was the RDT&E Program, 48% of the growth of which can be attributed to new line items such as the National Space
Defense Center and the National Security Space Launch Program (SPACE).

The U.S. government has signaled support for expanding U.S. space defense activities in future years. In its FY2020 budget,
the DoD asked for $306 million split between its three new primary areas of investment: the Space Force, the U.S. Space
Command, and the Space Development Agency." According to the Congressional Research Service, the DoD requested
$14.1 billion for U.S. space defense activities in FY2020, a 15% increase from 2019."> The DoD in February requested even

5 Q2—The Space Report 2020 | The Authoritative Guide to Global Space Activity | www.TheSpaceReport.org
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more in the space domain in its FY2021 budget request, announcing a petition for $18 billion."” Classified funds beyond
these figures are not released publicly but are a component of Space Foundation’s U.S. defense spending estimation.

1.3.2 U.S. Civil Government Space Investment

Apart from the DoD, seven U.S. agencies conduct civil space activities: NASA, NOAA, the NSF, the Department of Energy,
the Department of Interior, the USDA, and the DOT. The space activities of these agencies provide data and services that
enable many aspects of life in the U.S,, such as agricultural optimization, and further U.S. space ambitions through such
efforts as deep space exploration. The allocations of these agencies comprised 51% of U.S. space spending in 2019, a 1.8%
increase over 2018 to reach $24.1 billion.

1.3.21NASA
NASA is the primary civil agency coordinating U.S. science and technology research related to air and space, including deep
space exploration and participation in the International Space Station (ISS).

NASA funding in 2019 increased by 3.7%, growing to $21.5 billion from a 2018 figure of $20.7 billion."* This figure
represents the highest real-year figure in NASA history" and an 8% increase over the president’s request, a sign of wider
governmental support for aspects of U.S. space science ambitions."®

EXHIBIT 1f. National Aeronautics and Space Administration (NASA) Budget, 2017-2020

Budget Authority, dollars in millions FY 2017 FY 2018 FY 2019 FY 2020 Year-to-Year Change
Actual' Actual?  Actual®  Spending Plan* 2018-2019
Science 5,762.0 | 6,221.5 | 6,886.6 7138.9 10.9%
Earth Science 1,908.0 1,921.0 1,931.0 1,971.8 0.5%
Planetary Science 1,828.0 2,217.9 2,746.7 2,713.4 23.8%
Astrophysics 783.0 850.4 1,191.1 1,306.2 40.1%
Heliophysics 675.0 688.5 2.7 7245 3.5%
James Webb Space Telescope 569.0 533.7 305.1 423.0 -42.8%
Aeronautics 656.0 690.0 724.8 783.9 5.0%
Space Technology (a.k.a. Exploration Technology) 687.0 760.0 926.9 1,100.0 22.0%
Exploration (a.k.a. Deep Space Exploration Systems) | 4,324.0 | 4,790.0 5,044.8 5,959.8 5.3%
Human Exploration Capabilites (a.k.a. Exploration 39290 | 4395.0 4,086.8 4512.8 -7.0%
Systems Development)
Exploration Research and Development 395.0 395.0 958.0 14470 142.5%
Space Operations 4,943.0 | 4,749.2 4,640.4 4142.3 -2.3%
International Space Station 1.451.0 1,493.0 1,490.3 15211 -0.2%
Space Transportation 2,589.0 2,345.8 2,109.7 1,746.2 -10.1%
Space and Flight Support 903.0 910.3 1,000.4 859.9 9.9%
Commercial LEO Development - - 40.0 15.0
STEM Engagement 100.0 100.0 110.0 120.0 10.0%
Safety, Security, and Mission Services 2,769.0 | 2,826.9 2,755.0 2,973.3 -2.5%
Center Management and Operations - 1,983.4 — 2,007.4
Agency Management and Operations = 8435 = 965.9
Construction and Environmental Compliance 485.0 569.5 372.2 429.1 -34.6%
and Restoration
Construction of Facilities - 483.1 2793 3544 -38.5%
Environmental Compliance and Restoration - 86.4 74.9 74.7 -13.3%
Inspector General 38.0 39.0 39.3 4.7 0.8%
NASA Total 19,762.0 | 20,736.1 | 21,500.0 22,689.0 3.7%

TFY 2017 reflects funding amounts specified in Public Law 115-31, Consolidated Appropriations Act, 2017, as executed under the Agency's FY 2017 Operating Plan.
2FY 2018 reflects funding amounts specified in Public Law 115-41, Consolidated Appropriations Act, 2018, as executed under the Agency’s FY2018 Operating Plan.
Table does not reflect emergency supplemental funds also appropriated in FY 2018, totaling $81.3 million.
3 FY 2019 reflects total discretionary funding amounts specified in Public Law 116-006, Consolidated Appropriations Act, 2019, as adjusted by NASA’s FY 2019 Operating Plan.
4FY 2020 reflects only funding amounts specified in Public Law 116-93 and Public Law 116-136, executed under the NASA FY 2020 Spending Plan.
Source: NASA

NASA allocated the largest share, 32%, of its 2019 budget to science programs, supporting missions researching Earth’s sys-
tems in addition to those of Jupiter, Mars, and the Sun.”” NASA spent 24% of its budget on Deep Space Exploration Systems,
which includes the development of the Space Launch System (SLS), Orion capsule, and Exploration Ground Systems (EGS)
behind the planned Exploration Mission 1 (EM-1) and Exploration Mission 2 (EM-2) to the Moon. NASA allocated an ad-
ditional 22% to space operations, which includes activities aboard the International Space Station (ISS).">
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In a reflection of the diverse aspirations of the agency, six of the eight major NASA budget authorities grew in 2019.2° The
NASA line item with the most significant gain was Exploration Systems Development (143%), the component of Deep Space
Exploration Systems advancing the Gateway lunar project partnerships and coordinating the development of “reusable
human lunar landing architecture.” This line item represents 19% of the NASA Exploration budget, which includes
Human Exploration Capabilities and grew by 5.3% in 2019.% Other line items with significant growth include Astrophysics
(40%) and Planetary Science (24%) under the science budget authority and Space Technology (22%), also known as
Exploration Technology.

EXHIBIT 1g. Share of National Aeronautics and Space Administration (NASA) Budget ~ Recent accomplishments and future plans of

by Budgetary Authority, 2019 the agency are groundbreaking and ambitious.

3.4% 0.5</o 0.2% Last year saw uncrewed tests of capsules from

NASA Commercial Crew partners Boeing and
SpaceX,* with SpaceX successfully launching

M Science
Exploration (a.k.a. Deep Space the first commercial crewed capsule to the ISS
Exploration Systems) in M 2 Anoth, ior NASA 1 h
W Safety, Security, and Mission Services in May 2020.”* Another major aunc
Space Technology (a.k.a. Exploration is scheduled for July 30, 2020 — that of the
Technology) .
B Aecronautics Mars 2020 Perseverance Rover, a process twice
Compliance and Restoration delayed due to technical issues.>** On October
u 2?;;; Snf;::fﬂfm 20, 2020, NASA’s OSIRIS-Rex is slated to touch
B Inspector General down on the asteroid Bennu to collect samples

for a 2023 return to Earth, a process that was

delayed from August due to coronavirus-relat-
NASA Total: $21.58 ed constraints.”**

Note: FY 2019 reflects total discretionary funding amounts specified in Public Law 116-006, Consolidated Appropriations Act, 2019,
as adjusted by NASA's FY 2019 Operating Plan.

Source: NASA Looking out further, based on directives from

the White House, NASA’s Artemis program is working to send the first woman and next man to the Moon by 2024

to establish infrastructure for a permanent human presence there within the next decade “to uncover new scientific
discoveries and lay the foundation for private companies to build a lunar economy,” according to a NASA overview.”’ A
major Artemis milestone in 2020 will be the “Green Run” test of all four engines of the SLS core stage, a term referring
to the simultaneous operation of all the hardware components for the first time.*® As for the budget implications, these
plans are projected to cost more than a NASA’s governmental allocation would cover by 2021, which Bill Gerstenmaier,
NASA associate administrator for Human Exploration and Operations, suggested could come at the cost of “cuts inter-
nal to the agency.”' Nonetheless, the NASA budget is projected to grow by 33% from 2019 to reach a peak of $28.6 billion
by 2023.%2

1.3.2.2 NOAA
The National Oceanic and Atmospheric Administration, under the U.S. Department of Commerce, spent $1.7 billion on
space-related activities in 2019, a 19% decrease from the previous year.”

NOAA oversees Environmental Satellite Observing Systems, the National Centers for Environmental Information (NCEI),
and the National Environmental Satellite, Data, and Information Service (NESDIS). The latter garnered 85.7% of NOAA
spending in 2019. NESDIS managed international and commercial partnerships in addition to the operation of the GOES-R
mission, *** the ocean monitoring satellite Jason-3,’ and the weather monitoring satellite DSCOVR.*” Also incorporated
under NESDIS is the Office of Space Commerce, which “seeks to leverage commercial space capabilities to capitalize on
available extramural expertise, to improve weather forecasting, to diversify NOAA’s portfolio of data collection capabilities,
to promote U.S. space commerce and the industrial base, and to pursue enhancements in mission areas, program schedules,
and costs.”*® The remainder went to Environmental Satellite Observing Systems (10.7%) and NCEI (3.6%), which manages
and interprets more than 25 petabytes of atmospheric, coastal, geophysical, and oceanic data to support industry and
agriculture and develop new products.* *°
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NOA A’s reduction in funds can be attributed in large part to a planned 19% decrease in the NESDIS budget as development
of NOA A’s next generation polar-orbiting and geostationary weather satellites ramps down.*

One of these phased-out programs is COSMIC (Constellation Observing System for Meteorology, Ionosphere and Climate)
or Formosat-3, a 14-year collaboration between NOA A, Taiwan's National Space Organization (NSPO), and a number of
other organizations that, upon its launch in 2006, utilized groundbreaking radio techniques to improve space and terrestrial
weather prediction.* Operated out of Taiwan, the program served as a springboard for the COSMIC-2/Formosat-7 mission,
which launched out of Cape Canaveral in June 2019 and will further enhance meteorological prediction.*

1.3.2.3 National Science Foundation
NSF funding increased 10% in 2019, which was reflected in Space Foundation’s 2019 estimate of $610 million for NSF’s
space-related spending.**

The NSF has a stake in space across a number of divisions, projects, and continents. The Division of Astronomical
Sciences (AST) operates astronomical facilities such as the National Radio Astronomy Observatory (NRAO), the Arecibo
Observatory (AO), the National Optical Astronomy Observatory (NOAO), the National Solar Observatory (NSO), and the
Gemini Observatory. The Division of Physics (PHY) operates the Laser Interferometer Gravitational-Wave Observatory
(LIGO). The Oftice of Polar Programs (OPP) conducts full-scale observations at the U.S. Amundsen-Scott South

Pole Station.

Lastly, the Atmospheric and Geospace Science Division (AGS), comprised of a Geospace Section (GS) and an Atmosphere
Section (AS), supports space science research programs; NOA A’s COSMIC mission; the Geospace Facilities (GF) program;
the Weather Research (SWR) program; the Solar-Terrestrial Research (STR) program; the Coupling, Energetics, and
Dynamics of Atmospheric Regions (CEDAR) program; and the Geospace Environment Modeling (GEM) program.*

Publicized space activities of the NSF in 2019 included a collaboration with SpaceX to ensure the company’s Starlink
satellite network limits interference in the radio astronomy band*® and the solicitation of proposals for Faculty
Development in the Space Sciences (FDSS)*” and Next Generation Software for Data-driven Models of Space Weather with
Quantified Uncertainties (SWQU),*in line with the U.S. government’s National Space Weather Strategy and Action Plan
released in March 2019.*

1.3.2.4 U.S. Departments of Energy, Interior, and Agriculture

Of total U.S. civil space spending in 2019, 1.1% was allocated across three agencies: the Department of Energy (DOE), the
Department of Interior (DOI), and the Department of Agriculture (USDA). Collectively, these agencies spent $275 million
on U.S. civil space activities in 2019, an increase of 1.9% over 2018.

The DOE space budget grew 2.4% in 2019, reaching approximately $179.7 million. Organizations with space initiatives
within DOE include the National Nuclear Security Administration (NNSA), the DOE Office of Science (SC), and the DOE
Office of Nuclear Energy (NE).* The total budgets of these entities grew by approximately 2.4% in 2019.”

Daily operations of the USDA rely on remotely sensed data and derived information for applications spanning robotic
systems for mass harvesting fruit to satellite environmental monitoring.”»* The USDA budget increased 7.8% to $147 billion
in 2019. That increase was mirrored in estimating the department’s 2019 space-relevant budget.>* Using the 2018 figure from
Aeronautics and Space Report of the President as a baseline, the space-relevant USDA budget in 2019 reached approximately
$17 million.”

Space technologies enable activities across the Department of the Interior (DOI), including those of the U.S. Geological Sur-
vey, the U.S. Fish and Wildlife Service, the Bureau of Land Management, the U.S. Bureau of Reclamation, and the National
Park Service.”® Many applications include environmental monitoring through a combination of satellite imagery from the
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LandSat constellation and GPS technology. The line items for these agencies collectively decreased 0.4% in 2019.”” Using the
2018 figure from Aeronautics and Space Report of the President as a baseline and calculating a 0.4% decrease, the space-rele-
vant DOI budget reached approximately $78 million in 2019.®

1.3.2.5DO0T

With the issuance of Space Policy Directive-2 in May 2018, the Department of Transportation was tasked with establishing
a new regulatory regime for licensing launch and reentry activities.” In March 2019, the Office of Commercial Space
Transportation (AST) of the Federal Aviation Administration (FAA), the subagency that regulates commercial space
transportation, released proposed streamlined requirements.*>¢" Although the “breadth, significant impact, length and
complexity” of the proposed framework led to the 45-day extension of the original comment period,** a number of final
rules have been adopted, including revising operations related to the risk limit used to establish hazard areas of ships and
aircraft during a space launch.®’

According to the 2018 baseline set by the Aeronautics and Space Report of the President, the cost of these regulatory activi-
ties and other DOT space initiatives increased 25.9% in 2019, reaching $36.5 billion.** * The president’s 2020 request for the
space activities of the agency grew even more drastically, by 77%, and was 3.7 times the 2019 funding for the Space Data Inte-
grator (SDI), a tool used to minimize the amount and length of time that airspace must be closed for safe space activities, and

2.4 times the 2019 funding for the FAA/AST’s Center of Excellence, which “supports integration of launch and reentry into
the NAS, advanced safety assessment methods, advanced vehicle safety methodologies, and human spaceflight safety”¢

1.4 Non-U.S. Government Space Investment
Non-U.S. nations invested $39.7 billion in space in 2019, a 7.7% increase over the previous year and a 54% increase over the

preceding decade. An estimated 24% of non-U.S. government space spending was allocated to defense activities. Non-U.S.
government spending constituted 9.4% of the global space economy in 2019.

EXHIBIT 1h. Government Space Budgets, 2019

Country/Agency

Budget

(U.S. Dollars)

Source

Description

1.4.1 Non-U.S. Military Space
Investment

United States $47.169B | U.S. Government Public Filings U.S. Space Spending Nations across the world invest in
China $9.596B | Space Foundation estimate Estimated Chinese space spending space for defense purposes, but these
European Space Agency (ESA) |  $4.733B | ESA budget ESA budget bud . allv. if
Japan $3.005B | Japan Aerospace Exploration Agency | JAXA budget udgets are often partially, 1f not
UAXA) ] fully, classified. Space Foundation
France* $1.044B | Centre National d'Etudes Spatiales CNES budget lcul . f
(CNES) calculates an estimate for non-U.S.
Russia $3.978B | TASS Russian News Agency Roscosmos budget military space spending by apply-
India $1.906B :\I’/]I(ijri];Stry of Finance, Government of Indian civil space spending ing the change in publicly available
Germany* $1.529B | Bundeshaushalt 2020 DLR space spending military space programs to the 2018
South Korea $0.476B | Allio Information (ALIO: All Public KARI budget estimate for non-U.S. mi]itary space.
Information In-One) Th lassified mili bud
EUMETSAT* $0.637B | Eurospace EUMETSAT budget e unclassified military space bud-
Italy* $0.382B | Agenzia Spaziale Italiana (ASI) ASI budget gets of seven nations were included
Canada* $0.251B | Canadian Space Agency (CSA) CSA budget in this ana]ysis_ Australia, Brazil,
Spain* $0.131B | Spanish Ministry of Defense, Instituto Nacional de Tecnica F G Nigeri
Presupestos Generales Del Estado Aeroespacial (INTA) budget rance, (sermany, ]ap an, IN1geria,
United Kingdom* $0.200B | UK Space Agency (UKSA), Corporate | UKSA budget and Spain — totaling $1.79 billion in
Plan 2019-2020 2019. This fi ts a 0.5%
European Union* $1.941B | Eurospace EU space spending - s Ligure represents a . .0
Brazil $0.026B | Brazilian Government Transparency Brazil space spending decrease over 2018 numbers, which
» ) Portal when applied to the previous year’s
Additional Countries $0.398B | See Exhibit 1u Space Budgets of Selected K .
Additional Countries estimate, yielded a global 2019 non-
Non-U.S. Military Space $9.509B | Space Foundation estimate Military Spending Outside the US. military space Spending estimate
United States L
Total $86.9108 of $9.51 billion.

*Excludes ESA spending

Note: Defense spending for all non-U.S. countries is included in “Non-U.S. Military Space”

Source: Space Foundation Database
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EXHIBIT 1i. Rate of Change in Non-U.S. Government Space Spending, 2010-2019

Of documented non-U.S. military space spend-
ing, Japan recorded the most, ¥89.6 billion

- o0 (USD $830 million), growing funding 3.6% over

g 50% 2018 France invested the next most, to the

g 0% tune of €400 million, but grew investment more

3 than any other documented nation (19.7%),

& 30% in part to establish its own space command.®

§: 0% 7 Germany and Australia also increased space

& defense spending in 2019, growing investments

= 10% to €36.5 million and AUD $6 million, respec-

, tively.”””" Brazilian defense space spending
2010 2011 2012 2013 2014 2015 2016 2017  2018* 2019 decreased the most dramatically of any nation,

“Revised Figure by 23.6%,” but was followed by Nigeria, which

Source: Space Foundation Database

reduced defense space spending by 13.9%.7

Spanish defense space spending increased by €300,000 in 2019 but, due to changes in global currency rates between 2018 and
2019, spent approximately 2.3% less in U.S. dollars.”

EXHIBIT 1. Civil Government Space Budget Growth, 2017-2019 International bodies are signaling commitment

Country/Agency Currency 2017 2018 2019 2%1h7-zo19 to supporting and growing the global space
. Al el il ange defense domain, most notably the 30 mem-
United States US. Dollar $43.34B $49.12B $4717B | 8.1% _ o
Brazil Real RS0.084B |  R$OI09B |  R$OI01B | 16.2% bers of the North Atlantic Treaty Organization
Canada* Canadian C$0395B |  ($0.347B |  C$0329B | -20.0% (NATO).” In June 2019, NATO approved its
Dollar first overarching space policy, the details of
European Space Agency (ESA) | Euro €4.620B €4.228B €4162B | -11.0% ) )
France* Euro €1.09B €0.99B €1.04B -4.4% Wthh haVe not been made pubhc.77 At the
Germany* Euro €0.8918B €1.0168 €1344B | 337% Leader’s Summit in December 2019, Allies
India Rupee 2915558 | %111.884B | 13139238 | 30.3% formally declared space to be a distinct “op-
Italy* Euro €0.285B €0.322B €0.336B 15.3% tional d i al ide air. land d
Japan Yen ¥3421008 | ¥3010008 | ¥3243008 | 559 CTOHONGCOMAN 3 ONEAICE Al fand, Sea Ay
Russia Ruble P181.8008 | P182.0008 | B2517008 | 27.8% cyberspace.”® NATO leadership emphasized the
South Korea Won ¥660.536B | ¥692.026B | ¥¥550.327B | -20.0% need to protect western military and civilian
Spain® Euro €0.1378 €01158 €0.1158 | -19.0% interests but will stop short of weaponized space
United Kingdom* Pound £0.132B £0.179B £0.158B 16.1% 79
) ) assets.
‘Excludes ESA spending

** Italicized numbers have been revised from previous data
Source: Space Foundation Database

EXHIBIT 1k. Key Global Government Space Spending by Country, 2019

4.6%
°3.5%

/o 22%
{_13%

1.4.2 Non-U.S. Civil Government
Space Investment

In addition to activities in the defense
sector, Space Foundation tracked the
civil space spending of 32 non-U.S.

M United States
M Europe
I European Space Agency (ESA)
European Union*

u Efance* . nations in 2019. Of non-U.S. govern-
“ael?:any mental spending in 2019, 76% was
United Kingdom* allocated to activities in the civil sector,

M Spain* . 11 .
ST totaling $§O.2 billion and representing

Non-U.S. Military Space an 10.6% increase over 2018. Collec-

u ﬁhi"_a tively, non-U.S. civil space spending

Jau;:na constituted 35% of global government

M India space spending in 2019 and 7.1% of the

Other

2019 global space economy.

Total: $86.91B

Note: *Excludes ESA spending
Note: Defense spending for all Non-U.S. countries is included in ‘Non-U.S. Military Space’
Source: Space Foundation Database
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1.4.2.1 Argentina

The budget of the Argentinian space agency, the National Space Activities Commission (CONAE), decreased 21% in 2019,
from ARS$2.22 billion to ARS$1.75 billion, marking the second year in a row of decreased government space investment.*

The setting aside of funds for future use may be responsible for this decrease: Despite a plan to launch the second satellite
in the Synthetic Aperture Radar (SAR) Italian- Argentine System of Satellites for Emergency Management (SIASGE), titled
SAOCOM 1-B, in September 2019,*' the launch was moved to March 30, 2020.%2 The launch was postponed again to Q4 of
2020 due to coronavirus-related concerns.*®

1.4.2.2 Australia

Since the establishment of the Australian Space Agency (ASA) in 2018, the Australian government has signaled ever-growing
support for national and international space initiatives. The Australian government budget in 2018-2019 allocated AUD$41
million over four years for the establishment of ASA, of which approximately AUD$12.8 million was spent in 2018.#* This
allocation included AUD$15 million, or three years of funding, for the International Space Investment project (ISI), an
initiative “to foster international partnerships and increase the competitiveness of Australian business within the global space
economy. * Geoscience Australia, a government agency, also announced in 2018 that AUD$260 million would be invested
in expanding geospatial satellite capabilities over the next four years.* The 2019-2020 budget introduced a number of other
additional measures — an AUD$19.5 million Space Infrastructure Fund (SIF) to support projects in Australia’s emerging
domestic space industry and an AUD$6 million Australian Space Discovery Centre set to open in 2021.5%

Due to the multiyear nature of the projects described, the mid-budget cycle creation of the ASA in July 2018, and reality that
the “economic baseline data” of Australian civil space spending that is needed for multiyear analysis is still in development,
only estimates can be made for Australian civil space spending in 2019.% Given that ASA spent approximately one-fourth its
four-year funding in 2019, Geoscience Australia spent approximately one-fourth of its four-year space funding in 2019, all
AUD$19.5 million in SIF expenditures were distributed to the participating research projects in 2019, and the entirety of the
Australian Space Discovery Center funding was paid to contractors at the onset of development, Australian civil space spend-
ing increased 29.5% in 2019, from a revised 2018 figure of AUD$77.8 million to AUD$100.8 million.

Australian military funding is detailed in 1.4.1 Non-U.S. Military Space Investment and represented approximately 5.2% of
Australian space spending in 2019.*

1.4.2.3 Canada

The Canadian Space Agency (CSA) has coordinated and executed Canadian space initiatives since its inception in 1989”' and
received CAD$329 million in funding for 2019.> This level of funding represents a modest 5% reduction over the 2018 figure
of CAD$347 million. Regular programs include crewing the International Space Station (ISS) and conducting research, satel-
lite manufacturing across sectors, and preparatory experiments for extraterrestrial exploration.”

Canada, a former British colony and member of the Commonwealth, is a cooperating member of the European Space
Agency (ESA) and renewed its treaty in June 2019 to extend through 2030.** Canada contributed €11.8 million to ESA in
2019, 58% of which was mandatory and 42% of which was optional. In addition to marking a nearly 39% reduction in ESA
contribution from 2018, this represents a broader shift in funding priorities, as Canada in 2018 contributed twice as much to
ESA optionally as mandatorily.”> Canadas ESA contribution change likely reflects a broad consultation survey of the space
community conducted by CSA in June 2019.* At the Ministerial Council of the European Space Agency in November 2019,
Canada committed to invest CAD$90 million in ESA to “strategically selected areas most likely to benefit Canadian industry:
Earth observation, satellite communications, exploration and technology development.™”
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1.4.2.4 China

China does not release government budgetary information in the manner of other nations analyzed, making analysis of
Chinese space spending difficult. As such Space Foundation builds an estimation for Chinese space spending based on the
percent of Gross Domestic Product (GDP) comparable nations spend on space in the year. The countries selected in Exhibit
11 spent an average of .07% of their national GDP on space activities in 2019, a figure that, when applied to the Chinese
2019 GDP, yields an estimate of ¥65.9 billion for Chinese space spending in 2019.”® This figure is 25% greater than Space
Foundation’s estimate for 2018 and comes to approximately US$9.6 billion.

There is evidence that Chinese space spending grew in
2019, most notably due to the nation’s achievements over

EXHIBIT 1l. Domestic Space Spending as a Percentage of Gross
Domestic Product (GDP), Selected Countries, 2019

Currency 2019 ZEAD SRR the year. On Jan. 2, 2019, China became the first nation
Space Spending (C.urrept prices, on Space ) o
national currency) to land a spacecraft on the far side of the moon with its
I 0 b) . . .
Russia UsD bt PI0S.097T]  0231% Change’4 mission,” the Yutu-2 rover of which beat the
United States EUR $47.1698 $21.439T | 0.220% . ] , .
Japan JPY ¥413.900B ¥557.716T 0.074% previous record time fOI‘ a lunar rovers Operatlon on Dec.
France RUB €1318B €2.241T|  0.055% 14, 2019."° China also surpassed its stated goal of launch-
India L Lok R208.985T | 0.063% ing more than 50 satellites on more than 30 government
Germany EUR €1.380B €3440T |  0.040% . 101 .
P BRL FEVTE e o launches in 2019'" by lofting 75 spacecraft on 31 govern
italy EUR €0.336B amnt! 0.019% ment launches, although 32% of payloads were unidenti-
Spain EUR €0.1898 €1.245T | 0.015% fied at the time of writing.'” Three more launches were
Canada CAD C50.3298 (522987  0.014% conducted commercially in China in 2019, each testing
United Kingdom | GBP £0.158B £2185T 0.007% 1 h vehide for the fi . ith the H
Average % GDP Spent on Space 0.0690% a new launch vehicle tor the first time, with the Hyper-

*Includes ESA spending

bola-1 from iSpace and the Smart-Dragon-1 (or Jielong)

Source: IMF World Economic Outlook Database October 2019 edition, space spending sources as cited in this chapter

from China Rocket Co. Ltd. proving successful in their
attempts'®'** and the OS-M launch from OneSpace Tech-
nology Co., Ltd. ending in failure.'” These commercial attempts are significant in that they are part of the rapid growth
in Chinese aerospace companies that prompted the formation of the China Commercial Space Alliance on Dec. 11,
2019.'¢ Operating under the Chinese National Space Agency (CNSA), the newly formed alliance will strengthen policy
advocacy and carry out industry research, promote innovation and integration of the industrial chain, assist in regula-
tion, and promote international cooperation according to the country’s Belt and Road Initiative*” Lastly, on Dec. 27,
2019, China successfully launched the Long March-5 heavy-mass capable vehicle for the first time, ushering in a new era
of possibility.'%

Looking forward, China has ambitious plans spanning decades. In 2020, China intends to launch Change 5, a lunar
sample and return mission, and a Mars orbiter.!”*''® Over a longer time span, the nation has a number of stated priori-
ties: to build space capacity for cost-effective launch and access, to launch its own permanent space station, to create
capacity to dominate cislunar space (the sphere between the moon and the Earth), and, once cislunar space is secured, to
develop the capacity for a sustainable human presence on the moon. Further goals include deep space exploration and
resource extraction from asteroids.'?

1.4.2.5 European Space Agency
The European Space Agency (ESA) is a complex, international entity comprised of 22 member states and two cooperating
states and is supported by other multinational organizations.'”® ESA spending in 2019 reached €5.9 billion, an increase of 5%

over 2018 and a 75% increase over a decade ago."*

Member states provided 70% of the ESA budget in 2019, collectively contributing €4.2 billion. Member states are obligated to
mandatory contributions; however, all but one contributed additional optional funds in 2019. Luxembourg allocated 17 times
the nation’s mandatory contribution of €2 million and 18 nation-states followed in its footsteps, contributing at least an equal
amount to optional programs as mandatory ones. The member-state-supported funding to these optional programs totaled
€3.3 billion in 2019 and comprised 79% of all member state contributions to ESA.""* Launch vehicle development, Earth ob-
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EXHIBIT Tm. Member Contributions to ESA, 2019

Estonia

i | 220 (15.6%) TOTAL:
Slovenia | 240 (10.6%) €2 08B
Hungary | 300 (51.2%) )
Greece [ 10.50(1.3%) (Numbers in parentheses indicate
Canada

Portugal
Finland

Ireland

Poland
Luxembourg
Denmark
Czech Republic
Romania
Austria
Norway
Netherlands
Sweden
Switzerland
Belgium

Spain

United Kingdom
Italy

Germany
France

Mé: Millions of Euros

Source: Eurospace

1 11.80(39.5%)

H 1800(0.1%)

M 1950(1.5%)

W 1950(13.0%)

M 24380 (-27.6%)

I 29.90(13.8%)

Il 3150 (0.5%)

W 33.10(29%)

I 42.00(-48.7%)

I 57.00(21.5%)

I 64.40(1.5%)

I 77.60 (-13.6%)

I 94.40 (31.8%)

I 154.90 (4.8%)

I 19130 (-4.9%)

I 202.80 (-0.5%)
I 339.60 (2.5%)
I 535.20 (15.1%)
I 944.10 (3.6%)
. 1,174.6 (23.5%)

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
B Mandatory M Optional

% change from 2017-2018)

Copyright by Eurospace, reproduction forbidden

) pEAA
)

servation, telecommunications,
manned flights and the manning
of the ISS are optional programs,
whereas mandatory programs
include basic activities, infra-
structure such as the French
Guiana Space Centre, and the
Scientific Programme.'¢

The remaining 30% of the ESA
budget is comprised of optional
contributions from two other
European multinational entities
— the European Union (EU)
and European Organization for
the Exploitation of Meteorologi-
cal Satellites (EUMETSAT). The
EU, despite conducting indepen-
dent space activities detailed in
this section, contributed €1.28
billion to ESA across Earth ob-

servation and navigation programs. In the same manner, EUMETSAT invested a share of its budget in ESA’s Earth observa-
tion programs in 2019, contributing €261 million."”

EXHIBIT 1n. ESA Budget by Program and Funding Source, 2019

s N 5155/
voigoin | 75+

Earth Observation: GMES Programs _| 627.42
scenticrogon | 573 40
Earth Observation: Meteosat _
Programs 49075
Robotic Exploration & Prodex _ 459.29
Telecom and Integrated Applications _ 404.72
Earth Observation (Meteosat & _
GMES excl.) 36112
Human Spaceflight _ 239.72

Basic Activities - 136.30

Technology Support (GSTP) - 122.84
Pensions 121.07
Technology (CTP, TRP, GSP, ECI....) - 103.18
Guiana Space Centre - 96.29

Prodex - 71.46

Space Situational Awareness I 27.22

Industry Incentive Schemes I 15.77
0 300 600 900 1200 1500

Mé: Millions of Euros B Member States M European Union B EUMETSAT M Other

Source: Eurospace
Copyright by Eurospace, reproduction forbidden

With the support of these two
multinational bodies, Earth
Observation (EO) programs rose
to represent the largest share of
the ESA budget, totaling €1.5
billion. The Global Monitoring
for Environment and Security
(GMES) constellation, Coperni-
cus constellation, and a number
of other EO satellites compro-
mise ESAs Earth Observation
program.'® Launchers (€1.3
billion) and Navigation (€754
million) initiatives represented
the next largest shares of the
2019 ESA budget, meaning that
the three most highly funded
ESA programs were all optional.
The launcher program supports
the use of Soyuz launchers and
develops the Ariane and Vega
lines of launch vehicles,' while
the Navigation Programme

encompasses the Galileo positioning, navigation, and timing satellite system.'* The most highly funded mandatory program
was the Scientific Programme (€523 million), which relies on long-term science planning and broad participation to provide
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answers to “fundamental questions of astronomy;, solar system science and fundamental science’
France contributed the most to ESA in 2019 (€2.7 billion), followed by Germany, the United Kingdom, Italy, and Spain. For a
more thorough analysis of member state contributions to ESA, see country-level sections and Exhibit 1m.

Future ESA missions are numerous and span mission areas such as solar system exploration (Aurora), Earth observation
(Living Planet), and technology research and development from launchers to satellites.'”> The ESA Council committed in
November 2019 to a 2020 ESA budget larger than ever before.'”

1.4.2.6 European Union

In addition to ESA contributions, the European Union (EU) enacts its own space policy under the executive oversight of the
European Commission (EC)."** The three EU flagship space programs are of two missions: Earth observation and position-
ing, navigation, and timing (PNT). The Copernicus Earth Observation Programme is coordinated and managed by the EU
and developed and performed by other European multinational organizations.'” PNT is provided by the European Geosta-
tionary Navigation Overlay Service (EGNOS) and Galileo constellations, the operations and service provisions for which the
EU’s own space agency, the European GNSS Agency (GSA), is responsible.'*

EU space spending decreased by 0.1% in 2019 to €1.727 billion from a 2018 outturn of €1.728 billion. A 4.1% reduction of
funding to EGNOS and Galileo nearly balanced a 4.6% increase in funding for Copernicus and for growing Leadership in
Space, defined as “the availability of a first-rank domestic industry, able to design, deliver and exploit state-of-the-art space
systems, required by public and private customers worldwide”*” Further changes to EU space spending include replacing a
space technologies pilot program with one on space traffic and the introduction of funds to prepare the Governmental Satel-
lite Communication (GovSatCom) program.'*

EXHIBIT To. EU Space Spending by Program, 2018-2020 EU’s €1.284 billion contribution to ESA

i 0
Actual 2018 Appropriations 2019  Budget 2020 constitutes over 74% of the EU space

Line Item Payments Payments Payments budget and is described in 1.4.2.5 Euro-
Leadership in space €161.64M €169.02M €204.45M pean Space Agency (ESA).
European Earth observation program €572.96M €599.50M €549.00M
E tellit igati 2.88M €952.63M €948.23M
Cuspan sl rvigaton progams — In June 2018, the EC presented the
;ilot-project - Space trafficEuropean GNSS - €0.35M €0.35M Multiannual Financial Framework

gency . 1
Preparing GOVSATCOM program - €5.00M €5.00M 2021-2027, detailing a €16 billion space
Total €1,727.49M €1,726.50M €1,707.03M program to support the Galileo, EGNOS,

Source: Eurospace
Copyright by Eurospace, reproduction forbidden

and Copernicus programs as well as to
develop new security components for

Space and Situational Awareness (SSA) and GovSatCom.'® A revision of this economic framework was released in spring

2020 as a result of the coronavirus, and proposed reducing spending on the EU’s European Space Program to €13.2 billion."** !

1.4.2.7. European Organisation for the Exploitation of Meteorological Satellites

EUMETSAT is a European agency comprised of 30 member states'** dedicated to observing the climate and weather around
the globe 24 hours a day, 365 days a year."* The drafted EUMETSAT contribution budget for 2019 was €560 million, a reduc-
tion of 5.8% from 2018 real figure of €595 million.

All members must contribute to the Meteosat and Polar System Programmes, both Preparatory and Transitionary. Optional
contributions support collaborations with ESA and NOAA on the Copernicus and JASON Earth Observation constellations,
respectively.** Germany, France, and the United Kingdom contributed the most to the EUMETSAT budget in 2019, as noted
in EUMETSAT’s €560 million contribution to ESA constitutes 47% of the total EUMETSAT budget and is described in
1.4.2.5 European Space Agency (ESA)."*
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EXHIBIT 1p. EUMETSAT Contribution by Member State, 2019 EUMETSAT's current and future plans are detailed it the

Member State Contribution ~ Contribution ~ Contribution % change EUMETSAT Strategy Challenge 2025 and involve lofting

Budget Budget  Annual Report  2017-201 . .
2?)1%(3 2?)198ti nnzugwf P 017:2019 the Meteosat Third Generation (MTG) and EUMETSAT

Austria €11.4M €12.5M €14M 23% Polar System-Second Generation (EPS-SG) as well as con-
Belgium €135M €14.5M €M 8% tinuing to deliver services to member states and maintain-
Bulgaria €1.4M €1.5M €M 24% .. . 1 hips, 136 137
Croatia €1.6M €1.6M am 13%  Inginternational partnerships.

Czech Republic €5.2M €5.4M €6M 15%
Denmark €9.5M €103M €11M 21%
Estonia €0.6M €0.7M €M 37% 14.2.8 Fran.ce. ) ,
Finland €72M €79M €M 20% The French civil space agency, Centre National d'Etudes
France €787M €835M €92M 17%  Spatiales (CNES), in mid-July 2020 released its Annual
Germany €102.8M €11a2u €126M 2% Report 2019. According to the 2020 budget, in 2019 French
Greece €75M €6.4M €M 5% dine in the civil alled € billi
Hungary €3.4M €36M € 19% space spending in the civil sector totalled €2.18 billion, a
Iceland €0.3M €0.5M €1M 61%  7.6% increase over 2018. The annual report details how
Ireland €5.2M €6.5M €M 37%  France invested nationally — prioritizing innovation,
Italy €59.4M €60.9M €67M 13% . . . . .
Latvia 0T 09 am 2% exploration, ar.1d climate researc.h 1r.1 the domalr%s of sci
Lithuania €11M €13M €M 309%  ence, observation, telecommunications, and Ariane launch
Luxembourg €11M €13M €M 2%  vehicle development.
Netherlands €23.1M €25.4M €28M 22%
Norway €139M €147M €16M 17% . o .
Poland €12.9M €149M €16M 2% France spent appr@gmately 55% of its 2019 CIV.ll space
Portugal €6.3M €65M M 13% budget, or €1.09 billion, on domestic space projects, ac-
Romania €4.6M €5.4M €6M 27%  cording to the annual report.”* Notable civil space activi-
;e’b"';‘(. Egi m am :gm i 22:? ties of France in 2019 included ending the Ocean Surface
ovakia E 8 o ..

Slovenia €13M €13M €M 110, Topography Mission (OSTM) after 11 years of collabora-
Spain €374M €393M €43M 16%  tion with NASA,' awarding Airbus the CO3D (Constel-
Sweden €151M €17.0M €19M 24%  lation Optique 3D) contract to develop French optical

T 0,

im:::erland ?zim Z;m ng g;o;o Earth observation capabilities,'* and signing agreements
urkey : : 0 . . N
United Kingdom €705M €86.0M €95M 350,  with the Indian Space Research Organisation (ISRO) to
Total Contributions  €539.071M _ €594.749M €560M establish a maritime surveillance center in India'** and

Real R share expertise in support of India’s Gaganyaan human

S : El 3 ieQi 143

szr;;gh‘;f;%icrispace, reproduction forbidden Sp aceﬂlght mission.

The remaining 45% was attributed to international subscriptions to EUMETSAT and ESA, 93% of which went to the latter.
France is the largest contributor to ESA, the French allocation to which, approximately €1.17 billion, grew 23% in 2019 to
constitute 28% of the agency’s entire budget.'** France contributed 7.3 times as much to ESA programs optionally as manda-
torily, extending €694 million to the agency’s Space Transportation program. Not only is France the greatest contributor to
the program, this figure is 2.8 times higher than the Space Transportation contribution of the next highest member state,
Germany.'* France's EUMETSAT contribution, €79 million, was the second greatest of any member state, compromising
14% of the organizations 2019 budget.'*

France has stated its intention expand its space program through the lens of securing “strategic autonomy” through defense
space activities.'"” French military funding is detailed in 1.4.1 Non-U.S. Military Space Investment. Defense-specific funding
comprised approximately 15.5% of total French space spending.'**

1.4.2.9 Germany

German space initiatives are enacted and coordinated by the German Aerospace Center (Deutsches Zentrum fiir Luft-und
Raumfahrt; DLR)." This administration received a record amount of funding in 2019 — increasing over 30% to €1.2 bil-
lion.” In addition to managing Germany’s international memberships to ESA and EUMETSAT, DLR conducts its own
space activities, collaborating on missions such as the NASA InSight Mars Lander and conducting independent research.""
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Germany’s contributions to ESA and EUMETSAT constituted 47% of German civil space spending. Of the €1.07 billion
paid to these multinational organizations, 88%, or €944 million, was allocated to ESA in 2019.** A 3.6% increase over 2018,
Germany contributed 4.3 times more to optional programs than it paid mandatorily. The nation contributed more than any
other member states to ESAS optional Earth Observation, Technology Support, and Human Spaceflight, Microgravity, and
Exploration Programmes.'>*

Despite constituting only 12% of international subscriptions, Germany was the largest contributor to EUMETSAT in 2019.
The €107 million budgeted for 2019 represents a 7% decrease from 2018, however, compromises over 19% of total EUMET-
SAT contributions."*

Notably, Germany has expressed the intent to continue to ramp up space investment nationally and internationally. In ad-
dition to having doubled investment on small and medium-sized German space companies, Germany committed in No-

vember 2019 to contribute €3.3 billion to European space programs over the next three to five years. This action will make
Germany the largest contributor to ESA, surpassing France.'*®

German military funding is detailed in 1.4.1 Non-U.S. Military Space Investment. Defense-specific funding comprised ap-
proximately 3% of German internal space spending.'*

1.4.2.10 India

The year 2019 proved to be one of rising ambition for India in the space domain, and the Indian Department of Space budget
proved to be no exception, growing 17.4% in 2019 to reach %131 billion.”” Space technology projects constituted 68% of
Department of Space spending in 2019, with space applications, such as the Space Applications Center,'** comprising an ad-
ditional 14%."® The Indian Department of Space oversees the Indian Space Research Organisation (ISRO) and, increasingly,
collaborates with the Defence Research Development Organisation (DRDO) to undertake national projects, such as the anti-
satellite test conducted in March 2019.1¢ 6!

EXHIBIT 1q. ISRO Budget, FY 2018-2021 The DRDO does not pub-
Budget Area Actual 2018-2019 Revised 2019-2020 Estimates 2020-2021 lish space speciﬁc budget—
Rupees U.S. Dollars Rupees  U.S.Dollars Rupees U.S. Dollars ary figures, however, the
Central Sector Schemes/ Projects %100,084.60M | $1,461.62M | 121,443.40M| $1,761.34M | ¥125,870.00M | $1,825.54M agen cy’s total bu dget grew
Space Technology %63,828.20M|  $932.14M | %89,911.30M| $1,304.02M | %97,615.00M | $1,415.75M o h billi
Space Applications 1811470M| $264.55M| Z18,627.70M|  $27016M | Z18100.00M |  $262.51M 11% to reach X191 billion
Space Sciences 22,216.40M|  $3237M| 2,81880M|  $40.88M | 2,650.00M |  $38.43M in 2019."* In November
INSAT Satellite Systems 715,92530M| $23257M| %10,085.60M|  $146.28M | ¥7505.00M |  $108.85M 2019, the Minister of
Other Central Sector Expenditure 36,782.80M $99.06M %7214.40M|  $104.63M %6,623.00M $96.06M f .
r Defence Shri
Establishment Expenditure of %5,016.30M $73.26M |  2,734.80M $39.66M |  32,301.70M $33.38M Staj[e or Defence Shripad
the Center Naik confirmed that the
Total 7111,883.70M | $1,633.94M (3131,392.60M| $1,905.64M | T134,794.70M | $1,954.98M Defence Research and

Source: Ministry of Finance, Government of Indlia

Development Board now
includes a representative from Indian Space Research Organisation (ISRO), which signals continued and increasing collabo-
ration between the two.'*

A number of recent announcements by the Indian Government have signaled the path ahead for Indian space spending.

In June 2019, IRSO Chief K Sivan announced that India will work toward lofting its own space station.'** In July 2019, the
Department of Space announced the creation of a new commercial arm of ISRO called NewSpace India Limited (NSIL) to
“spearhead commercialization of various space products including production of launch vehicles, transfer to [sic] technolo-
gies and marketing of space products.”'®® In September 2019, DRDO and ISRO announced a joint program to send Indian
astronauts to space by 2022 called “Gaganyaan'®® In January 2020, in response to the crash landing of the Chandrayaan-2
lunar lander, K Sivan announced the approval of a third Chandrayaan lunar lander slated to launch in 2021.'
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1.4.2.11 Israel

Israeli civilian space activities are conducted by the Israel Space Agency (ISA) under the Ministry of Science and Technol-
ogy.'®® Detailed public Israeli budget reporting is not standard, however, the Israeli government accountability and transpar-
ency organization Public Knowledge Workshop, also known as “Hasadna,” released figures dating back to 2013.' Accord-
ing to its research, Israeli space spending in 2019 reached approximately m31.9 million, a decrease of 1.5% over 2018 and
the lowest figure since 2014.'” Israeli military space spending is not publicly available.

As for future Israeli space spending, the Ministry of Science has committed to putting m20 million toward a second moon
shot after the lunar collision that ended the organization Spacell’s Beresheet mission on April 11, 2019.”*

1.4.2.12 Italy

The Italian Space Agency (ASI), operating under the Ministry of Education, University and Research, has coordinated Ita-
ly’s space ambitions since 1988."”> Funding for ASI grew by 3% in 2019, reaching €872 million from a 2018 budget of €843
million.'” Flagship programs of the agency include the Cosmo Sky-Med Earth observation constellation and collaborations
with industry on the Vega launch vehicle. Other activities of the agency include international partnerships that study cos-
mology, send Italian astronauts to the International Space Station, and launch probes to explore other worlds.'”* 2019 saw
the launch of AST’s PRISMA Earth observation satellite'”* and first Second Generation COSMO-SkyMed satellite.'”

ASI allocated approximately 68% of its 2019 budget to international memberships to EUMETSAT and ESA. Of the €602
million distributed between the two organizations, 89% went to ESA."”” The third-largest contributor to ESA, Italy invested
most highly in the optional Space Transportation and Human Spaceflight, Microgravity, and Exploration Programmes.

Future ambitions of Italy include “mirror programs” to the Galileo, GovSatCom, and Copernicus constellations. This initia-
tive began with a contract in July 2019 establishing an Ital-GovSatCom as part of Italy’s Space Economy initiative.'”®

EXHIBIT 1r. Japan Civil Space Spending by Agency, 2018-2020 1.4.2.13 Japan
Agency/Ministry 2018 2019 2020 Japan enacts its civil space policy across ten different gov-
Cabinet Secretariat $682.03M | $730.13M | $728.30M ernment agencies, and allocated funds to each as detailed
Cabinet Office §22403M | $39286M | $360.90M i) Exhibit 1r. In total, Japan spent ¥324 billion in civil
National Police Agency $8.13M $8.34M $9.28M . . £779
Ministy of Iternal Affars and $63.23M $68.57M $66.80M space activities in 2019, an increase of 7.7% over a 2018
Communications figure of ¥301 billion.
Ministry of Foregin Affairs $2.71M $1.85M $2.78M
Ministry of Education, Culture, Sports, Science, | $1,633.27M | $1,687.27M | $1,730.30M . .
and Technology (MEXT) The Japan Aerospace Exploration Agency (JAXA) is
Ministry of Agriculture, Forestry, and Fisheries $2.71M $2.78M $2.78M at the center of the Japanese governments space ambi-
Ministry of Economy, Trade, and Industry $25.29M $24.09M $25.98M ti d its budeet tituted imately 56% of
Ministry of Land, Infrastructure, Transport, and $50.59M $58.37M $89.07M lons, and 1ts budget constituted approximately °0
Tourism Japanese space spending in 2019. Founded in 2003 from
Ministry of the Enviroment S2710M | $3058M | $8257M - the merger of the Institute of Space and Astronauti-
Total $2.7198 $3.005B |  $3.099B

cal Science (ISAS), the National Aerospace Laboratory
of Japan (NAL) and the National Space Development
Agency of Japan (NASDA),"” funding has been variable over the years.’® The 2019 JAXA budget reached ¥184.6 billion,

a 0.8% increase over 2018.'! The agency spent most heavily on Space Flight and Operations (¥51 billion), followed by the
International Space Station Program and Space Applications (¥31 billion each).”®? This 2019 investment in Space Flight and
Operations is 28.5% greater than that of 2018, potentially related to costs associated with the many milestones the Hayabu-
sa-2 mission reached throughout 2019: the first landing (February),'® the operation of the Small Carry-on Impactor (SCI)
(April),"® the second landing and sample collection (July),"® and the departure from Ryugu (November).'%

Source: Correspondence with JAXA D.C. Office, March 2018 and July 2020.

JAXA has announced its intentions to expand space operations in the coming years. In September 2019, JAXA issued joint
statements alongside other national and international space agencies outlining shared goals for lunar exploration'®” and the
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EXHIBIT 1s. JAXA Budget by Program, 2019 Gateway project, which seeks to establish a crewed space
station in lunar orbit.'*

$4.63B
(2.71%)
Japanese military funding is detailed in 1.4.1 Non-U.S.
@ Reliability Improvement Military Space Investment. Defense-specific funding com-
13,348 ég;fggtﬁ'gﬁce g prised approximately 22% of total Japanese space spending.
(7.80%) @ Space Technology and The Japanese defense sector has signaled a commitment to
Aeronautics ing its i t ti in the budeet for fiscal
Space Applications growing its investment in space, as in the budget for fisca
$28.918 ® Space Flightand year 2020, the Defense Ministry announced the formation of
(16.90%) Operations L .
@ International Space anew space operation inside the Air Self-Defense Force to
Station Program “detect electromagnetic interference with Japanese satellites”
$47.258 Others « . . . . . .
(27.63%) and “monitor space debris and unidentified objects in outer
space'®
Total JAXA Budget: $117.04B
1.4.2.14 New Zealand

Source: JAXA
New Zealand has mobilized rapidly to enter the space do-

main since the 2016 formation of the New Zealand Space Agency under the Ministry of Business, Innovation and Employ-
ment (MBIE). In addition to contributing NZD$3.75 million to the New Zealand Space Agency annually (and committing
to this funding level through 2023),'” New Zealand also founded the Xerra Earth Observation Institute, formerly known
on The Centre for Space Science Technology (CSST), in 2017."" The organization was funded at the NZD$14.7 million
level in 2019,"* consistent with the institute’s allocation upon formation.'”® The New Zealand Space Agency leads New
Zealand space policy, supports launches off the island, and engages internationally,'”* whereas the Xerra Earth Observation
Institute maintains an Earth observation data repository specific to the nation."”

1.4.2.15 Russia

The Russian Government established Roscosmos in August 2015 by merging the Russian Federal Space Agency and United
Rocket and Space Corporation. In addition using space advancements to provide results in the social and economic develop-
ment of Russia through infrastructure development and legal regulation, the agency coordinates with international partners
and, internally, the Defense Ministry of the Russian Federation on military missions."* '

Detailed Russian budget figures are not regularly released, so statements from the federally owned news agency TASS are
used to determine annual Russian space spending. Initial reports signaled a P17 billion decrease in spending on space activi-
ties in 2019 over 2018,"® a 9% decrease in line with a reported 16% of the Roscosmos budget that went unused in 2018."”
Nonetheless, TASS reported in late September 2019 that Russia allocated £251.7 billion for the state space program in 2019 to
expand the space research and diversification programs.” This figure marks a 38% increase in Russian space spending from
areported 2018 figure of P182 billion, and a 141% increase over the preceding decade.”! Although he did not name specific
programs receiving this expanded funding, Roscosmos General Director Dmitry Rogozin pointed to commercial launch
vehicle projects as promising and described the agency’s focus as “unifying engineering solutions.”**

1.4.2.16 South Korea

The South Korean space agency Korea Aerospace Research Institute (KARI) operates in four primary areas of development:
technology, aerospace policy, joint utilization between industry and academia, and cooperation between government and
the private sector.*”” Funding for KARI dropped 20.5% in 2019 to ¥#550 billion from a 2018 peak of ¥#692 billion.***

Despite this decrease, South Korean space achievements and ambitions are growing. In supplement to the GEO-KOMP-
SAT-1 satellite launched in 2018, South Korea launched the Chollian 2B meteorological satellite in February 2020, billed as
the worldss first air-monitoring spacecraft in a geosynchronous orbit.*” In January, the South Korean Ministry of Science
and ICT, the overseeing agency of KARI, issued a press release signaling the agency’s priorities from 2020 onwards. The
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document calls for increasing space technology investment and highlights the first launch of KSLV; the nation first indig-
enous launch vehicle, planned for 2020. Also emphasized in the plans is South Korean satellite operator KT SAT, which is
working toward quantum communication and intends to build the world’s first 5G satellite connection.**

1.4.2.17 Spain

For the last 75 years, the National Institute of Aerospace Technology (INTA) has served as Spain’s public space research
organization.?”” Incorporated under the Spanish Ministry of Defense, Spanish national civil spending reached €115 million
in 2019.2%2® A modest increase of €200 million over 2018, this figure represents a stark 76% increase over 2017, a reflec-
tion of growing national investment in space.”'>*'»*? National civil space activities of the Spanish government include the
continued operation of 2018’ Paz Earth Observation satellite and support for the commercial Hisdesat communications
constellation.””® The Spanish government is expanding these efforts, however, starting with a planned 2020 launch of a new
Spanish Earth observation satellite (SEOSAT) out of French Guiana.”"*

Spain is a member of ESA and EUMETSAT and contributed to both in 2019 — €234 million and €43 million, respec-
tively.*”* These international memberships collectively comprised 59% of all Spanish space spending in 2019.2'62'2% Spain
contributed to all ESA programs in 2019, allocating 2.5 times as much for optional programs as mandatory ones.*"* Spain
signaled its intention to continue to invest in ESA by raising the budget ceiling for Spanish contributions to ESA by 73%
through 2026 and by committing to establish a national data center to distribute Copernicus data.”!

Spanish military funding is detailed in 1.4.1 Non-U.S. Military Space Investment. Defense-specific funding comprised ap-
proximately 16% of Spanish space spending.”*

1.4.2.18 Switzerland

The Swiss Space Center works to implement Swiss Space Policy. Main tasks of the center include building networks be-
tween institutions and industry, facilitating access for space for research institutions and industry, providing education

and training, and promoting public awareness of space.”” Spending towards these goals on a national level decreased by
nearly 26% in 2019, landing at Fr.8.4 million after a 2018 total of Fr.11.4 million.”* Despite this decrease, Switzerland began
coordination of IGLUNA in 2019, a program that poses collaborative interdisciplinary technical challenges to university
students internationally.*

Switzerland’s main instrument to implement space policy is ESA,*¢ to which Switzerland contributed Fr.154 million. These
funds constitute 89% of Switzerland’s international subscriptions, with a Fr. 20 million contribution to EUMETSAT com-
prising the remainder. Switzerland contributed 3.4 times as much to optional ESA programs as to mandatory ones in 2019,
investing most heavily in Space Transportation, Earth Observation, and, in keeping with its stated mission to promote ac-
cess to space, the PROgramme de Développement d'Expériences scientifiques, known as PRODEX, which enables institu-
tions and industry to work with ESA experiments.**”**

1.4.2.19 United Arab Emirates

The United Arab Emirates (UAE) allocated its space agency, the UAE Space Agency, AED 171 million in 2019, a 16%
reduction over 2018.7>>* This may correlate with the conclusion of the ISS tenure of the UAE's first astronaut in October
2019.72! As for future activities, the UAE is on track for a July 2020 launch of its Hope Mars Mission*? and is working to
bring to fruition a vision for a scientific city on Mars by 2117.%

1.4.2.20 United Kingdom

The complex political reality of the United Kingdom (U.K.) in 2019 had implications on the nation’s shifting space spending.
Despite decreasing funding for international subscriptions by 14% in 2018, the UK. raised funding in the same category by
37% in 2019, reaching £345 million. Funding for the National Programme spending increased 28% over the last two years,
a line item that may have ballooned in part due to its inclusion of funds related to the nation’s exit from the EU (Brexit) in
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January 2020.7*>>2¢ Activities of the UK. Space Agency (UKSA), the overseeing agency of British space ambitions, include
the International Partnership Programme (IPP), the National Space Technology Programme (NSTP), the General Support
Programme (GSTP), and the Space for Smarter Government Programme (SSGP) as well as missions across Earth observa-
tion, space exploration, and space science.”” The United Kingdom’s next aspiration in the space domain is the development
of a national spaceport with international draw, a move empowered by an agreement signed with the United States in June
2020 to give U.S. companies the ability to participate in launches from the UK. as a customer or as contractor in the supply

chain.

238

The United Kingdom is a member of ESA and EUMETSAT, contributing €435 million in 2019. Of this total, 78%, or €340
million, was allocated to ESA. The United Kingdom contributed 1.6 times the funds to ESA optionally as mandatorily, spend-
ing more than any other member state on Navigation, Space Situational Awareness, and Telecommunications and Integrated
Applications. Despite questions regarding the implications of Brexit on the U.K’s participation in ESA, David Parker, the di-
rector of Human and Robotic Exploration at ESA, reported in January 2020 that, “Brexit doesn't affect the U.K's participation
with ESA. Indeed, the UK. has significantly increased its participation in ESA by about 15% of the optional programs. So we
take that as a positive sign of support from the UK

EXHIBIT 1t. Space Budgets of Selected Additional Countries, 2019

Country

2019 Budget Figure

Currency

Budget

Description

Argentina
Australia
Austria
Belgium**

Denmark
Indonesia

Israel
Mexico
Netherlands

New Zealand

Nigeria
Pakistan

Poland
South Africa

Sweden

Switzerland

United Arab
Emirates

National Commission of Space
Activites (CONAE)

Australian Space Agency
Aeronautics and Space Agency (ALR)

Belgian Institute for Space Aeronomy
(BIRA)

National Space Institute

National Aeronotics and Space Agency
(LAPAN)

Israel Space Agency (ISA)
Mexican Space Agency (AEM)

Netherlands Institute for Space
Research (SRON)

New Zealand Space Agency & Centre
for Space Science and Technology

National Space Research and
Development Agency (NARSDA)

Pakistan Space and Upper Atmosphere
Reseach Commission (SUPARCO)

Polish Space Agency (POLSA)

South African National Space Agency
(SANSA)

Swedish National Space Agency

Swiss Space Office (SSO)
United Arab Emirates Space Agency

(national currency)
$1,751.04M

A$100.75M
€7.10M
€18.88M

Kr.1.90M
Rp792.6M

131.90M
Mex$62.44M
£20.00M

$18.45M

#15,600.00M
Rs6,300.00M

Z1124.25M
R193.46M

kr226.71M

SFr8.45M
5.J171.00M

ARS

AUD

EUR

EUR

DKK
IDR

ILS
MXN
ANG

NZD

NGN

PKR

PLN
ZAR

SEK

CHF
AED

(US. Dgllars)

$41.22M
$70.76M

$8.08M
$2147M

$.29M
$0.06M

$8.93M
$3.24M
$22.74M

$12.40M

$43.40M
$38.65M

$33.27M
$13.73M

$24.41M

$8.65M
$46.56M

CONAE budget

Australian civil space
spending
ALR budget

Belgian space spending

Danish space spending
LAPAN budget

Israeli space spending
AEM budget
SRON budget

New Zealand space
spending

Nigerian space spending
SUPARCO budget

POLSA budget
SANSA budget

Swedish National Space
Agency

Swiss Confederation
UAE Ministry of Finance

Argentinian Government
Transparency Portal

Australian Budget 2019-2020
Correspondence with FFG
Belgian Federal Budget 2019

Danish Finance Ministry
LAPAN

Public Knowledge Workshop
Mexico Federal Budget 2019
SRON

New Zealand Ministry of
Business, Innovation &
Employment

Nigerian Ministry of Finance
Pakistani Finance Ministry

POLSA

National Treasury of the
Republic of South Africa

Swedish National Space
Agency

Swiss Confederation
UAE Ministry of Finance

*Space agency only (no meterology)
**Centre for Space Science and Technology founded at beginning of 2017-2018 budget cycle
Note: All ESA spending excluded

Correction, August 2020: 2019 figures for Israel and UAE have been updated

Total (USD)

$397.87M

Becki Yukman is a senior data analyst for Space Foundation.
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Snapshot: Government Space Spending in 2019

EXHIBIT Tu. Government Space Spending

U.S. Government Space Budgets Total $47.17B

HEN
HEEEER
Ll
L]
EEEENR
Department of Defense (DoD) — $23.05B
mi
EEEENR
HEREER
HEREER
HEEEENR

National Aeronautics and Space Administration (NASA) — $21.50B

National Oceanic and Atmospheric Administration (NOAA) — $1.70B

National Science Foundation (NSF) — $0.61B

|
Other—$0.31B

EXHIBIT 1v. Global Government Space Spending, 2019

00
o00 0000
00000 00000 (1]
Department of the Interior Department of Energy ~ Department of Transportation
(DOI) (Including USGS) — $0.08B  (DOE) — $0.18B (DOT) - $0.02B
Source: Space Foundation database M =%51B ® =%.01B=$10M

U.S. Government

(€] S Bud Total $86.91B Space Spending
overnment Space Budgets ota f 47478

EEEEE EEEI )
EEEEE EEEEE
EEEEE EEEEE
EEEEE EEEEE
EEEEE EEEEE

United States — $47.17B Total: $86.91 Billion

HEEENl

L 1| [] EREN [ | |

Non-U.S. Military Space — $9.51B Russia — $3.98B Other - $1.87B

HEEENl

EEEEN [ | ] | [ ]

China - $9.60B Japan - $3.00B Germany — $1.04B

[ 1 |

[ [ | ][] [ ] | i

Europe — $7.31B India — $1.90B France — $1.33B
Source: Space Foundation database . = $1 B
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1.5 Coronavirus and the Space Industry | In the months since the world
began coping with the global spread of coronavirus, the space industry has been beset
by program delays, bankruptcies, and the pullback of venture capital investment.

Yet there have also been signs of continuity and stabilization — on May 30, 2020,

the SpaceX Crew Dragon and NASA succeeded in Launch America, an initiative

to return the U.S. to human spaceflight to the International Space Station (ISS). A

month later, U.S. stocks wrapped up their best quarter in more than 20 years and
continued to climb into July. And in July, the United Arab Emirates and China
launched probes to Mars, with the U.S. scheduled to follow. Here are a few indicators
to provide a broad sense of the economy and its relationship to the space industry.

In January, the completed Space Launch System rocket rolled out from NASA’s Michoud
Assembly Facility in New Orleans. Operations at Michoud and at Stennis Space Center in
Mississippi were suspended in March due to coronavirus, pushing back the timeline for
the Artemis launch. Crediit: NASA

EXHIBIT Tw. Topics Covered in Coronavirus 1.5.1 Economy and Investment
and the Space Econom .
P y SpaceFund recently completed research on the correlation between the space
1.5 Coronavirus and the Space Economy . .
15.0 Inroduction economy and the wider global markets and found no correlation, says Meagan
1.5.1 Economy and Investment Crawford, managing partner of SpaceFund.
1.5.2 Employment

= SM < . . . . 1 .
16 The S-Network Space Index™ Q1 2020 This is good news in an economic downturn such as the one we've experienced
1.6.1 Index Performance and even during the 2008-2009 downturn,” she said. “The space sector was much
1.6.2 Index Constituents less aﬂected than OtherS.”

1.6.3 Index Methodology

1.7 Insight: Quilty Analytics Q2 Mergers and . . .
Acq?.lisitionsty " J Though the global space economy is approximately 80% commercial revenue, the

presence of long-term government contracts helps provide stability, and even in
the near term, companies with government contracts have the ability to borrow against them, Crawford said.

EXHIBIT 1x. Estimated Percent Change in Global Space Economy vs S&PG 1200 The space industry, like defense, is not

as vulnerable, explains Henry Hertzfeld,
director of The Space Policy Institute, because
regardless of the overall economy, defense
and cybersecurity — which are increasingly
04 ensured through space operations — must
continue to be funded. Discretionary

0.6

0.5

03 . .
funding, he added, could be more at risk as
0.2 governments balance the economic fallout
04 /\ from the pandemic.
0 \0/ As the past months have shown, investment
2009 2010 20M 2012 2013 2014 2015 6 2017 2018 . .
01 funding cycles can be far more volatile.

—— Est.Total % Change —— SPG % Change Yet even that disruption is not completely
unexpected; many market analysts were
already observing a glut in some space

sectors, and many startup companies not well-funded or lacking strong backing were likely to have collapsed regardless of

the pandemic.

Source: SpaceFund

22 Q2—The Space Report 2020 | The Authoritative Guide to Global Space Activity | wwwTheSpaceReport.org



- 8
@[ esracezconon Rl ) 1T

EXHIBIT 1y. M&A Activity, @2 2019-Q2 2020, in Billions Industry investment has shown a sharp decline, but Crawford
and other analysts by the second quarter were seeing a return
$1,200 R of investor interest. Quilty Analytics, which closely follows
and advises on space transactions, noted the decline of global
$1,000 Mergers & Acquisition volumes in the wake of the pandemic, as
shown in Exhibit 1y below—a drop that affected most economic
$800 sectors including space. Quilty Analytics noted, however, that
$655 acquirer interest in the space domain persists — and in many
§600 §512 cases, is even strengthening given widely held views of long-
term, secular growth in the space economy.
$400
Seraphim Capital, in looking the total global venture capital
$200 market, finds reason for optimism, too. Their analysis
0 determined that Q2 2020 total investment was $672 million.

2Q2019 2Q2019 2Q2020 Compared to Q2 2019, Q2 20 investment saw an increase of
‘ : 12 percent.?
Source: Quilty Analytics

1.5.2 Employment
In December 2019, U.S. unemployment was at 3.5% — the lowest in two decades.’ By April, unemployment had climbed
to more than 14%—the highest since World War II—only to drop by June to 11.1%, or an approximate human toll of 17.8
million jobless for the month.* From December 2019 to June 2020, the European Union’s unemployment rate held steady at
just under 7 percent. June’s unemployment rate of 6.7% correlated to approximately 15 million.>¢ China’s unemployment,
which has hovered between 4 and 5% the last 20 years, climbed to 6.2% in April.” Some analysts of Chinas economy,
however, place unemployment after Covid-19 closer to 10% with a jobless total of 80 million.?

One of the more high-profile job losses involved OneWeb. Though OneWeb has since entered into an agreement to be
acquired in bankruptcy; its initial court filing in March precipitated approximately 450 layoffs.” Numerous other companies
also laid off staft in the wake of Covid-19, from behemoths such as SES (up to 15% of its staff) and ViaSat (about 320 of its
staff) to startups like Bigelow (100 of its staff) and Astra (30 of its staft).' !>

Tying broader unemployment trends to the space industry is difficult because detailed analysis for many small job sectors is
not quickly available on a monthly or even quarterly basis. The U.S. Bureau of Labor Statistics provides monthly reports that
provide some broad data relating to more general job sectors that contain specific space industry jobs as identified by codes

established by the North American Industry Classification System.

Based on those broader segments and two NAICS classifications more specific to space—guided missiles, space vehicles and
parts, and search, detection and navigation instruments—initial data shows that 12 employment sectors that contain at least a
portion of space-industry-related jobs from December 2019 to May 2020 have shown a loss of 241,600.

The more specific space sectors — guided missiles, space vehicles and parts, and search, detection and navigation instru-
ments — were the only two to record an employment increase—of a combined 1,400 jobs from December to May.

Those gains again go to the long-term nature of space industry contracts, and more specifically, to launch activity.

Lockheed Martin has hired more than 4,700 workers since the coronavirus outbreak and anticipates hiring 12,000 by the end
of the year. The company could not provide employment data specific to its space sector.

While the bulk of Lockheed Martin's portfolio is made up of defense contracts, the company also operates with civil and
commercial space organizations. In April, NASA awarded a $579 million human lunar lander system contract to the Blue
Origin team, with which Lockheed Martin is a partner.
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EXHIBIT 1z. U.S. Employment by Sectors with a Broad Affiliation to Space Industry Jobs

Industry Sector Dec.2019  Jan.2020  Feb.2020 March 2020 April 2020 May 2020*
Aerospace products and parts 541.6 541 540.2 540.7 519.2 515.6
Guided missiles, space vehicles, and parts 879 88.2 88.1 88.5 83.4 88.6
Search, detection, and navigation instruments 1374 1379 138.2 138.6 137.8 138.1
Telecommunications 7043 706.6 700.5 697.1 694.7 688.4
Other telecommunications 853 85.8 85.1 843 843 833
Broadcast and wireless communications equipment 49.2 49.7 49.6 49.5 48.4 48
Research and development in the physical, engineering, 681.1 679.8 683.2 685.1 667.8 669.6
and life sciences

Wired telecommunications carriers 514.6 513.8 510.1 508.6 507.5 504.3
Power and communication system construction 213.6 216.5 213.1 2135 198.7 208.2
Plate work and fabricated structural products 1717 177.3 177.8 176.7 165.9 167.3
Residential building equipment contractors 8934 885 884.5 883.6 776.5 843.8
Nonresidential building equipment contractors 1,400.40 1,377.50 1,385.80 1,381.3 1,206.2 1,289.70

Total (in thousands) 5486.5 5459.1 5456.2 5447.5 5095.4

*Preliminary
Source: US. Bureau of Labor Statistics data tables

Its operational diversity and long-term contracts have benefits down the line. Lockheed Martin is able to accelerate cash to its
suppliers, explained Chris Pettigrew of Lockheed’s external communications. In June, the company advanced more than

$300 million, with a focus on small businesses and at-risk suppliers due to COVID-19. That includes accelerated payments to
more than 900 suppliers in its space division, Pettigrew said.

Northrop Grumman has hired thousands in its space sector this spring. Its space work includes Antares rockets and Cygnus
spacecraft that resupply the ISS as well as the Artemis program to return astronauts to the moon and the James Webb Space
Telescope. From March to May, Northrop Grumman hired nearly 2,000 people for space-sector jobs, and in May alone,
received 16,000 applications for open positions in the space sector, Sean Elizabeth Wilson, Northrop's director of media and
public relations, disclosed via email. In June, Northrop's space sector still had more than 3,200 job openings, she added.

United Launch Alliance also has had a strong 2020 with four Atlas V launches this year, including for the USSF-7 satellite
launch in May with the U.S. Space Force and the launch earlier this month of NASA’s Perseverance Mars rover. Additional
information about ULA hiring was not available.

SpaceX did not respond to an inquiry about job openings, but in June, its company website listed more than 400 available
positions. The openings show that, even in the time of a pandemic, anyone who wants to be a part of space should be able to
find a place. Open positions ranged from baristas and dishwashers to space suit sewers and a senior hardware development
engineer for phased array systems.

. : | Lesley Conn is senior manager of Research & Analysis for Space Foundation.
) e o v
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1.6 The S-Network Space Index*" Q12020 Performance

The S-Network Space Index tracks a global portfolio of publicly traded companies that are active in space-related businesses
such as satellite-based telecommunications; transmission of television and radio content via satellite; rocket and satellite
manufacturing, deployment, operation, and maintenance; manufacturing of ground equipment that relies on satellite
systems; development of space technology and hardware; and space-based imagery and intelligence services.

1.6.1Index Performance

During the first quarter of 2020, the S-Network Space Index (SNET SPACE) started strong, gaining 7.6% as of February 20.
Following this high point, SNET SPACE lost nearly half its value in a single month due to the market crash resulting from the
widespread economic impact of the COVID-19 pandemic. As markets began to recover in late March, so did SNET SPACE,
which closed out the quarter down 35% from its starting point as shown in Exhibit 1aa. While other indexes also fell during
the market crash, the decline was not as steep. By comparison, there was only a 20.7% decline for the S-Network US Equity
3000 Index (SNET 3000), which tracks the 3,000 largest (by market capitalization) U.S. stocks. Similarly, there was a 21.2%
decline for the S-Network Global 2500 Index (SNET Global 2500), which tracks a combination of the 1,000 largest U.S.
stocks, 500 largest European stocks, 500 largest Pacific basin stocks (developed), and the 500 largest liquid Emerging

Market stocks.

EXHIBIT 1aa. S-Network Space Index vs. Benchmark Indexes, Q12020

1100

1075

1050
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12/31119 177120 1114120 1/21/20  1/28/20 2/4/20 211120 2/18/20  2/25/20 3/3/20 3/10/20  3/17/20  3/24/20  3/31/20

= SNETSPACE = SNET 3000 SNET Global 2500

Note: Performance shown for each index is for the gross total return, assuming all dividends are reinvested.

Assessing the performance of the S-Network Space Index since live calculation began on May 7, 2018, as shown in Exhibit 1x,
the index declined by 29.6%. By comparison, the SNET 3000 fell by 2.5% and the SNET Global 2500 dropped by 8.8%. The
difference in performance is partly due to poor performance in Q4 2019, but the primary cause was SNET SPACE’s steeper
decline during the market crash in Q1 2020.

1.6.2 Index Constituents

The space industry is a global one, and the composition of the S-Network Space Index reflects this diversity. Companies
listed on U.S. exchanges tend to dominate due to the larger number of companies that meet the financial requirements for
inclusion in the index. On March 20, the index underwent its quarterly rebalancing to maintain compliance with the index
rules—adjusting the relative contributions of each of the constituent companies. One out-of-cycle change was made in Feb-
ruary with the removal of Australia-based satellite communications provider Speedcast, which experienced financial distress
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that resulted in a trading halt for its stock. The company later began Chapter 11 bankruptcy proceedings in the United States.
At the time of rebalancing, U.S. companies comprised 83.0% of the weight of the overall index, with France in second place at
12.1%, Japan at 4.8%, and Italy at 0.1%. Due to the removal of Speedcast, Australia is no longer represented in the index.

EXHIBIT 1bb. S-Network Space Index vs. Benchmark Indexes, May 7, 2018 - March 31, 2020
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57118 6/7/18 7/7/18 8/7118 9/7118 10/7/18 11/7/18 12/718 /719 2/719 3/719 4/7119 5/719 6/719 7/719 8/719 917119 10/719 11/7119 12/7119 1/7120 2/7/20 3/7/20

e=== SNET SPACE === SNET 3000 «=== SNET Global 2500

Note: Performance shown for each index is for the gross total return, assuming all dividends are reinvested.

EXHIBIT 1cc. Index Weight by Country as of March 20,2020  Performance of constituent companies in Q1 was almost uniformly
480%  .07% negative, with all but two companies declining by 8% or more. For
a quarter that witnessed unprecedented changes across the entire
global economy due to the pandemig, it is often difficult to identify
the specific factors that contributed to any single company’s stock

12.09% S
O B United States performance. However, several trends emerged that have implica-
M France tions for the space industry’s future.
M Japan
M ltaly

As many of the world’s nations initiated stay-at-home orders,

82.99% quarantines, and border controls to slow the spread of COVID-19,
all forms of transportation declined substantially. This had a major
impact on demand for mobile communications, particularly for
maritime and air transportation. These two areas are predominantly
served by satellite operators due to their ability to provide cover-

age anywhere on the planet, so there was an immediate impact on
the mobile satellite communications business. As national restrictions ease and travel resumes, it is likely that some of this
business will return, but the level of activity may remain depressed for an extended period depending on global health and
associated economic factors.

Source: Space Investment Services
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EXHIBIT 1dd. S-Network Space Index Constituents as of Travel restrictions have already affected space industry
March 20, 2020 . .. X
employment levels, as exemplified by the decision by Viasat

Tick t 2020 Q1 . .
Company IS Country Pe,?o,%‘gnce (-51% in Q1) to lay oft 300 people, or roughly 5% of its work-
Aerojet Rocketdyne Holdings AJRD | United States 8%  force." In-flight connectivity accounts for approximately 10%
Aibus AR | France 3% of the company’s revenue, so the reduction in air travel
AT&T T | United States -24% d th to look t d t
Ball BLL | United States o,  caused the company to look for ways to reduce costs,
Boeing BA | United States 54% including furloughs and suspension of salary increases
Comcast CMCSA | United States 2% and hiring. However, the company sees opportunities for
i | -449 ags ags
Dish Network DISH" | United States s the future, as current conditions mean that additional
Echostar Holding SATS | United States -26% . . . . o
Eutelsat Communications ETL | France 349% aircraft can have Viasat equipment installed while idle, as
Garmin GRMN | United States -23% opposed to requiring airlines to actively take them out of
Globalstar GSAT | United States -44% service durlng lnstallatlon‘
Honeywell International HON | United States -24%
Intelsat | | United States -78% . . . .
Iridium Communications IRDM | United States 9% On the manufaCturmg side, Boeing (-54%) and Airbus
L3Harris Technologies LHX | United States 9%  (-55%) experienced the sharpest declines due to concerns
teol'(‘s’dz y t"\)/lg 'Ja'y i ﬁjf about the long-term future of air travel. As airlines fell into
ockheed Martin nited States -12% . . . . .

Loral Space & Communications LORL | United States -50% financial dlﬂiculjﬂes and c.lrastlcally reduced ﬂlght SCheduleS’
Maxar Technologies MAXR | United States 309 orders for new aircraft dried up and may remain low for years
Northrop Grumman NOC | United States -12%  to come, depending on how quickly the economy recovers.

i - 0 . . . . .
Orbcomm ORBC | United States 2% Boeing and Airbus delivered less than half as many aircraft in
Raytheon RTN | United States -37% h . h .
SES SEG | France 579% March 2020 as in March 2019 and reduced production rates
Sirius XM Holdings SIRI | United States 31% either by slowing work or suspending activity at certain facili-
SKY Perfect JSAT Holdings 9412 | Japan 20%  ties.2 These effects dramatically outweighed any influence the
Thales HO | France 7% aerospace companies’ space business may have had on overall
Trimble Navigation TRMB | United States -24% P P P Y
Viasat VSAT | United States 51% company performance, although launch delays and a slow-
Virgin Galactic SPCE | United States 28%  down in manufacturing may have contributed slightly.

Job losses and decreased consumer confidence across the world led to concerns about consumer-oriented services. Investors
weighed the potential for increased demand for at-home services such as satellite-delivered television or broadband inter-
net against the potential for consumers to scale back spending due to economic conditions. These concerns may continue

to weigh on the sector for some time as companies and investors deal with the uncertainty surrounding the easing of broad
government restrictions, which may be followed by reintroduction of targeted restrictions in response to local or regional
outbreaks.

While the stock performance of space companies generally trended downward along with the rest of the market, individual
companies were also affected in part by their exposure to each of the trends noted above. Returning to the example of Viasat,
the company benefited from widespread stay-at-home orders and reported 4,000 new residential broadband customers from
January to March 2020.> However, this was not enough to offset the impact of the reductions in air travel and the associated
in-flight connectivity business. Some companies also faced specific challenges that exerted downward pressure on their stock,
as demonstrated by Intelsat (-78%) which continued to experience investor concern about its debt levels and overall financial
health. These concerns later proved justified, as the company filed for Chapter 11 bankruptcy protection in May 2020.

At the other end of the performance range, the two notable companies were Ball (0%) and Virgin Galactic (+28%). Ball
benefited from the fact that its space business is nested within its aerospace business segment, which constituted 16% of the
company’s net sales in Q1 2020. This was outweighed by the 81% of the company’s Q1 sales that come from its beverage
packaging business, which was viewed by investors as an area that could benefit during the pandemic and potentially in a
post-pandemic world.*
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Virgin Galactic’s performance in Q1 was more directly related to space, rising by 223% from the beginning of the year to
February 19. Some of this growth was due to media coverage in early February of the relocation of SpaceShipTwo, VSS
Unity, to the company’s commercial headquarters at Spaceport America in New Mexico.” The spacecraft had previously been
undergoing flight tests at the Mojave Air and Space Port in California, where Virgin Galactic’s manufacturing facilities are
located. Investors took this as a signal that the company was getting closer to exiting its test program and beginning com-
mercial operations. In addition, media coverage during the first half of Q1 was generally favorable, with financial analysts
promoting the stock as a unique opportunity to own part of the first publicly traded company focused solely on human
spaceflight.® This combination of existing investor interest and bullish forecasts from analysts led to rapid growth in the
stock price, enticing speculative investors to get on board as the price soared, driving it up further. Ultimately, the stock
crashed along with the broader market, with additional downward pressure as it reported Q4 2019 results that were below
expectations,” prompting a drop of 35% over the course of two days in late February. Despite these challenges, the stock still
ended Q1 2020 with a net gain of 28%, and the debate about how to appropriately value this first-of-its-kind company will
likely continue for quite some time.

EXHIBIT Tee. Virgin Galactic Stock Performance, Q12020
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1.6.3 The S-Network Space Indexs™ Methodology

The S-Network Space Index is considered a “pure-play” space index, unlike other indexes that combine space with other
sectors such as aviation or defense. The index operates according to a clearly defined rules-based methodology overseen
by an impartial Index Committee, as opposed to an actively managed index that operates at the discretion of its manag-
ers. In technical terms, it is a modified capitalization-weighted, free float-adjusted and space revenue percentage-adjust-
ed equity index. In essence, it takes into account how much of a company’s revenue comes from space-related business
and combines that information with a variety of standard financial metrics to determine how influential that company’s
stock should be in terms of the overall index performance.

To be considered for inclusion in the S-Network Space Index, a company must generate either (1) at least 20% of its
revenue or (2) at least US$500 million in revenue from space-related business. In accordance with the pure-play nature
of the index, 80% of the total index weight is assigned to companies whose space-related business generates at least 50%
of annual revenue (in practice, most such companies generate 100% of their revenue from space). The remaining 20% of
the index weight is assigned to diversified companies that earn the majority of their revenue from non-space businesses.
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To further ensure that the companies are substantially engaged in space-related activities, each company must also meet at

least one of the following criteria:

B The company was the prime manufacturer (i.e., the contractor responsible for managing subcontractors and delivering
the product to the customer) for a satellite in the past five years.

B The company was the prime manufacturer or operator of a launch vehicle in the past five years.

® The company currently operates or utilizes satellites.

B The company manufactures space vehicle components (for satellites, launch vehicles, or other spacecraft).

B The company manufactures ground equipment dependent upon satellite systems.

In addition to its role as an educational and informational tool for tracking the performance of the global space industry, the
S-Network Space Index is also designed to serve as a benchmark upon which investment firms can base products such as
exchange-traded funds (ETFs), mutual funds, or other investment instruments. As such, the index rules take into consider-
ation financial criteria such as the average daily trading value of candidate stocks, as well as SEC regulations regarding the
minimum number of constituent companies and the maximum weights permitted for constituent companies. The rule book
for the index, which describes the complete methodology, is available at http://space.snetglobalindexes.com.

Contact Information and Disclaimer

The S-Network Space Index is maintained by S-Network Global Indexes Inc., supported by space industry expertise from Space Investment Services LLC. For more information, please contact
index@spaceinvestmentservices.com

This document is provided solely for informational and educational purposes and is neither an offer to sell nor a solicitation of an offer to buy the securities described herein. S-Network Global Indexes Inc.

and Space Investment Services LLC do not guarantee the accuracy and/or the completeness of the S-Network Global Index(es) or any data included therein and shall have no liability for any errors, omissions,

or interruptions therein. S-Network Global Indexes Inc. makes no express or implied warranties, and expressly disclaims all warranties of merchantability or fitness for a particular purpose or use with respect to

the S-Network Global Index(es) or any data included therein. Without limiting any of the foregoing, in no event shall either company have any liability for any special, punitive, indirect, or consequential damages
(including lost profits), even if notified of the possibility of such damages.

Micah Walter-Range is the creator and manager of the underlying stock index for the worldss first exchange-
traded fund (ETF) focused on the space industry. As a leading expert on the global space economy, he has
authored papers on space-specific topics such as the impact of export controls on the U.S. space industrial
base, and cross-sector subjects such as the role of space technology in aviation.
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1.7 Insight: Mergers & Acquisitions Activity Falls and Regains Slightly in Q2

Satellite and space transactional activity experienced a notable drop in the second quarter as the COVID-19 pandemic took
hold. The decline in April and May 2020 volumes was pronounced, with the principal drivers of this decrease being: (1)
macroeconomic uncertainty, (2) valuation uncertainty due to extreme market volatility, (3) the need for many buyers and
investors to prioritize internal issues, and (4) stay-at-home orders and travel restrictions impeding normal deal-making
interactions.

Initially, in late March through May, these factors paused many M&A and financing processes that were already underway
while postponing planned M&A and financing initiatives. With early steps being made toward economic reopening in May,
and with COVID-19 mitigation plans underway, buyer and investor sentiment improved by mid-month, driving an uptick
in activity. We expect transactional activity to improve sequentially in the third quarter versus the second, but it will not
rebound to peak levels anytime soon.

During Q2, there were 12 M&A transactions announced, most with undisclosed transaction values, which compares to 17
such transactions in the prior quarter. Special situations-driven M&A was a prominent theme in the quarter, often a result
of either regulatory-driven divestitures (CPI’s sale of ASC Signal to Kratos Defense & Security Solutions, Raytheon’s sale of
its precision optics business to AMERGINT) or liquidity crisis-driven sales (sale of Phasor, Effective Space assets).

Transactions by two private equity-backed platform companies illustrate the increasing level of recent private equity interest

in executing on space sector M&A consolidation strategies:

B AMERGINT Technologies, a Colorado Springs, CO, company backed by the Blackstone Tactical Opportunities private
Tequity fund, in May announced the acquisitions of Tethers Unlimited and Raytheon’s precision-based optics business.
The latter acquisition was catalyzed by a U.S. Department of Justice-imposed requirement for Raytheon to divest its
precision-based optics business as a prerequisite to closing its UTC merger.

B AE Industrial Partners’ portfolio company Redwire (itself the result of its acquisition of Adcole Maryland Aerospace in
March 2020) in June announced it acquired Deep Space Systems (DSS) and Made in Space.

Given the hundreds of early stage space technology companies that launched in recent years, we expect that the current
macroeconomic downturn will catalyze additional stress-or-distress-driven M&A deals. In Q2, Phasor Solutions, an
early stage flat panel antenna (FPA) technology company, entered administration in the UK. as a result of insolvency, and
its assets were acquired by South Korea-based defense and technology conglomerate Hanwha Systems. Also during the
quarter, an affiliate of well-funded, Japan-based startup Astroscale acquired the intellectual property and certain assets of
Israel/U.K.-based Effective Space Solutions (ESS), which was developing a GEO satellite mission extension platform.

What do we see on the horizon? Due in part to the space sector’s overall resilience to the COVID-19 crisis, we see increasing
interest by strategic and financial buyers in consolidation strategies and opportunistic M&A. Furthermore, startups and
companies facing liquidity challenges will drive ongoing M&A through the balance of the year. Finally, absent a dramatic
increase in investor risk appetite, we expect a steady parade of liquidity crises and bankruptcies concentrated amongst
earlier-stage companies. Many of these companies will meet their final demise, while a lucky subset of those with “real”
assets or opportunities will be granted a second act (OneWeb being a prime example).

Quarterly Investment Activity Review

Private investment activity in Q2 was surprisingly active in light of the macro backdrop, with nearly $400 million raised
during the quarter across 31 private financing transactions. The largest rounds included another SpaceX financing of ~$125
million (helping to fund its Starlink LEO Broadband strategy) and Ligado Networks’ $100 million financing on the back of
the FCC’s decision to license its spectrum over objections by the U.S. Department of Defense on GPS interference concerns.
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There was no single overarching theme to the quarter’s financing activities, but some broader sector trends were evident,
with multiple early stage rounds completed for GNSS resilience / anti-jamming technologies (e.g., Xona Space, InfiniDome)
and several transactions for downstream Earth observation software and analytics solutions.

Exhibit 1ff. Second Quarter Financial Actvities

Transaction EV  TEV /LTM Sub-
(USD $Mil)  Adj. EBITDA Sector

Acquirer / Investor

Annc'd. Target

Acquisitions / Buy-Outs

06/23/20  Vricon, Inc. Maxar Technologies $230.0 10x EO/Geospatial
06/16/20  ASC Signal (sub. of CPI) Kratos Defense & Security Solutions 35.0 n.d. Satcom
06/26/20  Nation Space and Technology Company Limited Thaicom & CAT Telecom JV (75%/25%) n.d. n.d. Satcom
06/23/20 Made In Space Redwire (AE Industrial Partners) n.d. n.d. Enablement
06/07/20  Phasor Solutions Hanwha Systems Co. (HSC) n.d. n.d. Satcom
06/03/20  Effective Space Solutions R&D Ltd. (IP & Assets) Astroscale U.S. Inc. n.d. n.d. Enablement
06/02/20 Cobham's radiation testing business Radiation Test Solutions (RTS) n.d. n.d. Enablement
06/01/20 Deep Space Systems AE Industrial Partners, LP (AEI) n.d. n.d. Enablement
05/18/20  FreeFall 5G (merger/spinoff) ED2 n.d. n.d. Satcom
05/06/20 Tethers Unlimited AMERGINT Technologies Holdings, Inc. n.d. n.d. Enablement
04/20/20 Raytheon's space-based precision optics business ~ AMERGINT Technologies Holdings, Inc. n.d. n.d. EO/Geospatial
04/06/20  Bird.i Hanley Wood | Meyers Research n.d. n.d. EO/Geospatial
Private Equity & Related Investments

05/26/20  SpaceX Undisclosed investors $125.0 n.m. Enablement
05/28/20 Ligado Networks Undisclosed investors 100.0 n.m. Satcom
05/06/20 Commsat Led by Beijing Wealth Capital & AVIC Capital 38.0 n.m. Enablement
04/06/20  Myriota Led by Hostplus and Main Sequence Ventures 19.3 n.m. Satcom
06/04/20 Deep Blue Aerospace Led by China Huijin Group 14.1 n.m. Enablement
04/14/20  Space Pioneer (Tianbing Technology) Led by ZJU Joint Innovation Investment 14.0 n.m. Enablement
04/06/20 IntTerra Nikita Shashkin 10.0 n.m. EO/Geospatial
05/06/20  VestaSpace Technology Next Capital LLC 10.0 n.m. Enablement
04/15/20  Kairos Aerospace Led by OGCI Climate Inv. 9.0 n.m. EO/Geospatial
04/07/20  Arturo Led by Crosslink Capital 8.0 n.m. EO/Geospatial
04/15/20  Atlas Al Led by Airbus Ventures 7.0 n.m. EO/Geospatial
05/20/20  Apollo Agriculture Led by Anthemis 6.0 n.m. EO/Geospatial
06/23/20  Satelytics BP Ventures 5.0 n.m. EO/Geospatial
05/18/20  Regulus Cyber Led by SPDG 4.0 n.m. Other
04/30/20 Infostellar Consortium of investors 3.5 n.m. Enablement
06/22/20 OneView Led by TPY Capital 3.5 n.m. EO/Geospatial
06/25/20 Leaf Space Led by Whysol Investments 3.4 n.m. Satcom
04/08/20  AgroScout Led by Kibbutz Yiron 3.0 n.m. EO/Geospatial
04/03/20 Valispace Led by JOIN Capital 2.4 n.m. Other
06/15/20 infiniDome Consortium of Investors 1.6 n.m. Other
05/14/20  Xona Space Systems Led by 1517 1.0 n.m. Other
05/06/20 OroraTech Led by ConActivity KG 0.9 n.m. EO/Geospatial
05/20/20  Space Forge Consortium of investors 0.6 n.m. Enablement
04/28/20  EnduroSat Neo Ventures 0.4 n.m. Enablement
04/04/20  Blue Skies Space Startup Funding Club 0.1 n.m. Other
05/26/20 Core Semiconductor SpaceChain Foundation n.d. n.m. Other
04/24/20  MinoSpace (Weina Starry Sky) CITIC Construction Investment n.d. n.m. Enablement
04/30/20  Astrocast Consortium of private investors n.d. n.m. Satcom
05/18/20  Astroscale Led by I-NET CORP n.d. n.m. Enablement
05/26/20  Enview Led by BrightCap Ventures n.d. n.m. EO/Geospatial
06/01/20  Scout Inc. CIT GAP FUNDS n.d. n.m. Other
Public Equity & Related Investments

06/18/20  Kratos Defense & Security Follow-on public equity offering $209.0 n.m. Other
04/21/20  Electro Optic Systems Holdings Ltd (EOS) Follow-on public equity offering 84.3 n.m. Satcom
04/29/20 Ovzon AB PIPE & Rights Offering 50.4 n.m. Satcom
06/10/20  AddValue Technologies PIPE 4.2 n.m. Satcom

Source: Quilty Analytics

TEV/LTM Adj. EBITDA = Total Enterprise Value/Last Twelve Months Adjusted Earnings Before Interest, Taxes, Depreciation and Amortization
n.d. = not disclosed

n.m. =not meaningful
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On the public equity side, Kratos raised $209 million in a follow-on public equity offering for general corporate purposes
and in a statement explained that would include “for potential strategic ‘tuck-in’ acquisitions to further position the
company for projected growth from new and anticipated increased production and to facilitate its long-term strategy.”

Other Key Financial Developments in the Quarter

Intelsat, one of the world’s leading satellite communications operators, and Speedcast, the largest satellite communications
service provider worldwide, filed for Chapter 11 bankruptcy during the second quarter. Both U.S. bankruptcy court-
directed processes are proceeding forward, and both companies are continuing to operate and service their customers in
the ordinary course in the meantime. We expect the Intelsat case, in particular, to take roughly a year to conclude given the
complexity of the case and the timing associated with the C-band clearing and incentive payments process.

Justin Cadman is a partner

with Quilty Analytics. He has
more than 15 years of investment
banking and capital markets
experience.

Chris Quilty is the founder and
partner of Quilty Analytics. Prior
to establishing Quilty in 2016, he
served as a sell side research analyst
with Raymond James for 20 years.

This market analysis is provided by Quilty Analytics LLC and Space Foundation research.
For more information on Quilty Analytics subscription and research services, contact Info@QuiltyAnalytics.com.

Quilty Analytics Disclosures, Limitations of Use, and Disclaimer

Independent Research and Opinions Subject to Change without Notice

Quilty Analytics is an independent research and consulting company. Quilty Analytics is not a member of FINRA or the SIPC and is not a registered broker-dealer or investment advisor. All opinions,
views, and analyses expressed in these Publication Services are those of Quilty Analytics at the time they were published. Quilty Analytics does not owe any fiduciary obligation to any Covered Company
or Subscriber. The opinions expressed in the Publication Services may be short-term in nature and are subject to change without notice. Quilty Analytics takes no obligation to update any forward-
looking statement in Publication Services to reflect events, circumstances, or changes of opinion occurring after the date on which the Publication Service is created, or to reflect the occurrence of
unanticipated events.
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2.0 Introduction | The space industry relies on tens of thousands of highly
skilled workers to research and design, build, and operate advanced technologies that
enable space activities and increase our understanding of the space environment.
These highly skilled workers and the companies they work for have an important
impact on their communities, supporting thriving local economies and enabling
innovative science and technology clusters. Understanding the trends in this
workforce, including its size and composition, provides insight into the scale of these
benefits and the overall health of the industry. Understanding these trends allows
national and local decision-makers to make informed choices about how to support
and grow this important resource.

Workers closely observe as the upper composite containing the EUTELSAT KONNECT is lowered over GSAT-30 on
Jan. 14,2020, two days before its successful Ariane 5 launch and orbit. The all-electric satellite was the first to use
Thales Alenia Space's new Spacebus Neo platform.

Crediit: Arianespace

EXHIBIT 2a. Topics Covered in Workforce 21U.S Space Workforce
2Dinaodction In 2019, there were more than 183,000 workers in the U.S. space workforce. This is
2.1 U.S. Space Workforce . . L.
2.2 European Space Workforce an increase of about 2% over the total U.S. workforce in 2018. The vast majority of
2.3 Japanese Space Workforce space professionals, 141,520, are employed in the private sector in companies that

2.4 Indian Space Employment
2.5 Other Space Employment

develop and manufacture space systems or in companies that provide services,
such as telecommunications. The U.S. government employs more than 41,700
professionals, 42% of which work at NASA and 58% in the national security space workforce. Further analysis of the U.S.
space workforce was included in The Space Report 2020 QI.

EXHIBIT 2b. Space Workforce Trends in the United States, Europe, Japan, and India 2.2 European Space
£0.0% Workforce

g In 2019, the European space

3 600% workforce included an estimated

% 40.0% 47,895 employees working on design,

s 00 development, and manufacturing

= . o . .

s of space assets. This is 6.2% larger

g oo 2008 2009 2010 20 2014 2015 2016 than 2018, when the workforce

=] 19 . .

S 20.0% included 45,117. A small portion of

& this increase is due to the addition

-40.0% . .
of six new countries to the annual
= United States = Europe — Japan India survey con ducted by Eurospace, the

Source: U.S. Bureau of Labor Statistics, Eurospace, Society of Japanese Aerospace Companies, India Department of Space European Space indllStI'Y association.

Note: 2019 empl t data for Japan A [ ilable ces .
ote. employment data for Japan Aerospace companies was unavailable These new a d dlthI‘lS o Bulgarla,

Cyprus, Latvia, Lithuania, Romania, and Slovakia — accounted for 313 employees, 0.7% of the total European workforce.
More than 80% of the European workforce is based in just five nations: France, Germany;, Italy, Spain, and the United
Kingdom. All five of these nations have experienced double-digit growth in the size of their workforce from 2014 to 2019,
and all but Spain also grew from 2018 to 2019.!

Data on the size of the European space workforce is based on an annual survey of companies completed by Eurospace.
Data collection challenges related to COVID-19 have led to delays in the finalization of 2019 employment numbers. Slight
variations in total employment among exhibits below reported reflect the draft nature of this data. The survey does not
include workers employed in the space services sector, including well-known companies such as Arianespace, SES, Eutelsat,
and Inmarsat. These four companies alone employ an additional 5,000 employees.?
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Although the workforce has grown steadily over the last five years, it has faced some challenges. European companies, along
with those in other parts of the world, have faced a reduction in satellite manufacturing demand, which has led to layoff
announcements. Thales Alenia Space, which designs, manufactures, and operates satellites, in September 2019 planned to
lay off about 500 of its 8,000 workers.? Eutelsat anticipated laying off 100 of its 1,000 employees in October.* Airbus Defense
and Space in February 2020 announced it would cut 2,362 positions, 7% of its workforce, due to weak sales.” There are some
indications that the slowdown may be ending. New spacecraft orders increased in 2019 and were expected to remain high
in 2020.°

Some of these effects also may be lessened by efforts on the part of the European Union, which announced in January
it would provide 200 million euros to support Europe’s space industry. About half of this will be provided as a loan to
ArianeGroup as it completes the Ariane 6 rocket. The other half will be used to invest in European venture funds that
support startups in the space sector.”

EXHIBIT 2¢c. European Space Industry Employment, 2009-2019

50,000 47,895
45,117
45,000 42,388 44,036
40,660 40,800
40,000 36,665 37,387 37,712
35,455 .

35,000 34,216
30,000
25,000
20,000
15,000
10,000
5,000
0

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019*

*Preliminary data

Average Employment 2009-2019: 38,577
Source: Eurospace Facts and Figures, 2019
Copyright by Eurospace, reproduction forbidden

Although most major European space companies have policies emphasizing the importance of diversity and inclusion, most
do not publicly release statistics on their composition. Data from those that do show that European space companies seem
to follow similar trends to other tech companies in the United States and Europe. At SES, for example, women make up 24%
of employees and 8% of top executives. 42% of employees are below age 40.% At Thales Alenia Space, the workforce is 24.5%
female.” Both companies are higher than the European space industry average for number of women employed. Overall,
according to Eurospace data, in 2019, women made up about one-fifth of the European space workforce. Individuals under
35 made up 23.7% of the workforce, and 21.8% of the workforce was over 54."°

EXHIBIT 2d. . European Space Workforce EXHIBIT 2e. ESA Workforce The European Space Agency (ESA) em-
Demographics, 2019 Demographics, 2019 p p . gency ( .) .
ployed 2,341 people in 2019, remaining
Number of % of Number of % of . .
Employees  Employees Employees  Employees constant from employment in 2018. With
Female 10473 21.9% S&E Employees* 1505 64.3% respect to gender, the agency is a bit higher
Under 35 Years Old 11,366 23.7% Female 662 28.3% than the European industry as a whole, with
Over 54 Years Old 10,318 21.8% Under 35 Years Old 102 4.4% females making up 28.3% of the workforce
Note: Total European Space Workforce in 2019 was 47,895 Over 54 Years Old 745 31.8% . .
(Preliminary Estimate) Source: Eurospace Facts and Figures, 2019 in 2019. The pI'OpOI'thl’l of workers under 35
Copyright by Et , duction forbidde *Scii ineeril . . .
Y St o SRS o is particularly low just 4.4%

Source: European Space Agency
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EXHIBIT 2f. European Space Industry Employment by Country, 2014-2019

National
Workforce
France
Germany

Italy

United Kingdom
Spain

Belgium
Netherlands
Sweden
Switzerland
Norway
Austria

Czech Republic
Poland
Denmark
Portugal
Finland
Hungary
Lithuania
Bulgaria
Estonia

Ireland

Latvia
Romania
Slovakia
Cyprus
Luxembourg
Total Workforce

Note: Data for Czech Republic, Hungary, and Poland was added in 2014, and is not available for previous years. An additional 28 Polish companies were added to the model in 2016.

2014

15,560
7,269
4,608
3,785
3,044
1,679
1,028

776
874
383
371
172

40
223
168
139

97

39

61

26
40,342

Source: Eurospace Facts and Figures, 2018

Copyright by Eurospace, reproduction forbidden

EXHIBIT 29. Japanese Space Industry Employment, 2008-2018

2015

15,689
7,288
5019
317
3,143
1,767

968
852
878
334
387
176

98
228
173
173

97

39

61

26
41,113

2016

16,237
7,825
4,963
3,937
3,329
1,752

965
900
831
364
385
187
193
238
175
186

97

39

61

30
42,694

2017

16,994
7,901
5,140
3,969
3,551
1,533
1,155

995
805
405
420
187
250
258
161
160

97

39

61

34
44,115

2018

17,128
8,526
5,076
3,973
3,811
1,554
1,166
1,057

806
412
420
187
266
257
165
168

97

39

61

36
45,205

2008 2009

2010

2011 2012

7978 8232

2013 2014

Average Employment 2008-2018: 7,760

8,655

2015

8,696

2017

5-Year 1-Year

2019 Change Change
18,186 16.9% 6.2%
9,071 24.8% 6.4%
5215 13.2% 2.7%
4,263 12.6% 7.3%
3,803 24.9% -0.2%
1,576 6.1% 1.4%
1,240 20.6% 6.3%
996 28.4% 5.8%
842 -3.7% 4.5%
418 9.1% 1.5%
416 12.1% -1.0%
292 56.1%
290 - 9.0%
257 15.2% 0.0%
239 42.3% 44.8%
227 63.3% 35.1%
130 34.0%

9
76 =
51 - 30.8%
46 -24.6% -24.6%

4

4

31
25 - ®
24 -1.7% -33.3%
47,895 18.7% 6.0%

2.3 Japanese Space Workforce

The Japanese space workforce included
8,870 workers in 2018, a 2.0% increase
from 2017. This growth was spread across
the space vehicles, ground equipment, and
software sectors, all of which saw increases
from 2017 to 2018. The space vehicle sector
has grown 17.8% over the past five years,

Source: Society of Japanese Aerospace Companies

EXHIBIT 2h. Japanese Space Industry Employment by Sector, 2013-2018

Employment 5-Year | 5-Year
Sector 2013 2014 2015 2016 2017 2018 | Change | Change

Space Vehicles 2.1%
Ground Facilities 2.3%
Software

Total Workforce | 7,978

Source: Society of Japanese Aerospace Companies

reflecting Japan’s investments in new launch
capabilities."

The Japan Aerospace Exploration Agency
(JAXA) employed 1,552 people in 2019, an
increase of 2.4% from 2018. The majority of the
JAXA workforce, 70% is made up of engineers
and researchers. About 22.4% of its employees are
under 35 years old, while 16.2% are 55 or older.
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EXHIBIT 2i. JAXA Workforce, 2009-2019

194 1565 1547 1534 153 1529 1537 1529 1515 150  15%

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
——————— Average Employment 2009-2019: 1,541

Average Employment 2009-2019: 1,541
Source: Japan Aerospace Exploration Agency

EXHIBIT 2k. Indian Department of Space Employment, 2011-2019

18,561 18,561
17632 17,625

201 2012 2013 2014 2015 2016 2017 2018 2019
——————— Average Employment 2011-2019: 17,366

Source: India Department of Space Annual Reports

EXHIBIT 2j. JAXA Workforce
Demographics, 2019

Number of % of

Employees  Employees

Engineering and

Research Employees | 1,089 70.0%
Under 35 Years Old 348 22.4%
Over 54 Years Old 252 16.2%

Note: Total JAXA Workforce in 2019 was 1,556
Source: Japan Aerospace Exploration Agency

2.4 Indian Space Workforce

The Indian Department of Space employed

17,222 people in 2019, an increase of 2.4% from
2018. Women made up 19.5% of the workforce,
with about two-thirds of those working as
scientific and technical staff while the remainder
were administrative staff.’? The Chandrayaan-2
Moon lander mission, launched in 2019, was the
Indian Space Research Organisation’s first project
to be directed by a female.” Although the mission

suffered a glitch in its final approach to the Moon that resulted in a failed landing, the ISRO chairman noted that it was the
most complex mission ever attempted by the agency and classified it as “98% successful.”**

EXHIBIT 2I. Space Agency Employment for Selected Countries, 2019

Number of

Employees
Australia Australian Space Agency 19
Canada Canadian Space Agency (CSA) 692
Czech Republic Czech Space Office 6
Denmark Danish National Space Center 209
Europe European Space Agency (ESA) 2,341
France Centre National d'Etudes Spatiales (CNES) 2,400
Germany Deutschen Zentrums fiir Luft- und Raumfahrt (DLR) 8,444
Hungary Hungarian Space Office (HSO) 250
India Indian Space Research Organization (ISRO) 17,222
Japan Japan Aerospace Exploration Agency (JAXA) 1,556
Poland Space Research Center 206
South Africa South African National Space Agency (SANSA) 204
United Kingdom | United Kingdom Space Agency (UKSA) 200
United States National Aeronautics and Space Administration (NASA) 17,396

Note: Some workforce numbers were rounded off by the source.
Source: Space Foundation Database

2.5 Other Space Employment

Most nations and regions do not provide annual
reports on the size of the space workforce in
their nation. However, many do make public the
number of individuals employed by the national
space agency. A selection of this data is shown in
exhibit 2k below. Note that space agencies differ
significantly in their structure. In some nations,
such as India, almost all space activity in the na-
tion takes place under the auspices of the govern-
ment. In others, such as Russia, the government
space agency primarily plays an oversight role,
and thus directly employees significantly fewer
people. The United States

and Europe have systems that include a mix of
in-house development by government agencies
and private sector space activity. Due to these

differences, any direct comparisons among agency sizes must be conducted with care.

Mariel Borowitz is an assistant professor at the Sam Nunn School of International Affairs at Georgia Tech.
Her research deals with international space policy issues, including international cooperation in Earth
observing satellites, satellite data sharing policies, and space security issues.
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EXHIBIT 3a. Topics Covered in Space
Infrastructure

3.0 Introduction

3.1 Spacecraft/Satellites

3.1.1.1 Spacecraft Country Breakdown

3.1.1.2 Spacecraft Mission Segment Breakdown

3.1.1.2.1 Launch Vehicles Activity by Country

3.11.2.2 Civilian Operators

3.11.2.3 Military Deployments

3.1.1.3 Spacecraft by Operator and Manufacturer

3.1.1.4 Spacecraft Masses

3.1.2 Data Insights — Starlink Overview

3.1.3 Communications Satellites Overview

3.1.3.1 Communications Satellites Mission Segment
Breakdown

3.1.3.2 Communications Satellites Company Breakdown

3.1.4 Positioning, Navigation, and Timing (PNT)
Satellites Overview

3.1.4.1 PNT Satellites Mission Segment Breakdown

3.1.4.2 PNT Satellites Country Breakdown

3.1.4.2.1 Beidou

3.14.2.2 Gaileo

3.14.2.3 NavIC

3.14.2.4 QZ5S

31.4.2.5 Glonass

314.2.6 GPS

3.1.5 Earth Observation/Remote Sensing (EO/RS)
Satellites Overview

3.1.5.1 EOIRS Satellites Mission Segment Breakdown

3.1.5.2 EOIRS Satellites Country Breakdown

3.1.5.3 EOIRS Meteorological Focus

3.2 Exploration and Research Spacecraft, Landers
and Rovers—Overview

3.2.1 Exploration and Research Spacecraft, Landers, and
Rovers—A Mission Sampling

3.2.1.1 Exploring the Moon: Beresheet

3.2.1.2 Exploring the Lunar Orbit: Chandrayaan 2

3.2.1.3 Exploring the Universe from L2: Spektr RG

3.3 SNAPSHOT: Russian and U.S. Human Spaceflight
Cooperation

3.4 3.4 SNAPSHOT: 2020 Launch Activity

3.5 Q&A: Anti-Satellite Tests and the Global,
Commercial Ramifications.

3.0 Introduction | Spacecraft deployment numbers rose by five from
2018 to 2019, increasing slightly to 466 spacecraft deployments last year.

While deployments moved up, space vehicle launch attempts decreased from
114 in 2018 to 103 in 2019. The difference between deployment and launch
attempt numbers is due partly to the success of two launches deploying 60

satellites per launch. As launch vehicles continue to deliver more spacecraft

per launch, the industry will likely continue to see fewer launches, but
more spacecraft are delivered per year.

Artist impression of network data exchange over planet Earth
Credlit: Shutterstock

3.1Spacecraft/Satellites

The primary source used to identify spacecraft for this report is the U.S. Air Force’s
(USAF) online spacecraft data repository, Space-Track.org. All numbers reported
in the Spacecraft/Satellite portion of this analysis are based on data from Space-
Track.org as of June 15, 2020. More than 10% (48) of the 466 spacecraft deployed
last year have not yet been identified.

These numbers will change as the USAF continues to identify the remaining
spacecraft launched.

It is also important to note that many of the spacecraft have multiple functions.
In charting spacecraft purposes, the count will be significantly higher than the
number of annual spacecraft deployments.

As this report is a snapshot of 2019 activities and not intended as a comprehensive
list, not all nations are covered in the infrastructure section. Data regarding those
countries is available to subscribers of The Space Report Online.

The analysis within the following sections will, more often than not, focus on the
three countries, organizations, and companies with the largest share of spacecraft
activities within each section.
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EXHIBIT 3b. Spacecraft by Country Breakdown, 2019
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EXHIBIT 3c. Spacecraft by Sector, 2014-2019
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3.1.1.1 Spacecraft Country Breakdown
Spacecraft operators from three nations deployed 71% (333) of the
466 spacecraft in 2019: The U.S., China, and Russia.

U.S. spacecraft operators deployed 258, or 55%, of the 466 space-
craft. This percentage is an increase for the U.S. compared to 2018
when the U.S. accounted for 39% (180 spacecraft) of that year’s
total number of deployed spacecraft.

China’s spacecraft operators followed with 49 spacecraft, 11% of
all spacecraft deployed in 2019, a decrease from 2018 when China
took a 16% share of deployed spacecraft (73).

Russian spacecraft operators accounted for the remaining 26
spacecraft (6% of 2019’s spacecraft deployments). Those deploy-
ments are an increase for Russia from 2018 when that nation
deployed 21 spacecraft and accounted for a 4.5% share.

3.1.1.2 Spacecraft Mission Segment Breakdown

The 466 spacecraft were deployed from 97 successful launches,
including deployments from the International Space Station (ISS)
in 2019. Manufacturers design spacecraft to carry more than one
payload onboard in many instances; mission segments counted
reflect the primary payload.

Commercial missions saw the largest share of deployments,
accounting for 54% of launched spacecraft (251). Commercial

missions increased 48% from the 170 spacecraft launched in 2018.

The next-highest share went to civil

300
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100 —_—

e —

50_——\//\
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= (ivil Government

Source: Space Foundation Database
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Unidentified

government, with 25% (114) of spacecraft
deployed for that mission segment in 2019.
That is a 5% decrease from 2018’s 30% share,
or 138 missions out of the 461 that launched in
2018.

The military mission segment accounted for
only 11% (53) of all spacecraft deployed in 2019,
which is down when compared to
2018’ 17% share with 78 deployed.
2019
The remaining spacecraft deployed in 2019
had not yet been identified as of June 15,
2020. Adjustments are frequently made

to the spacecraft data repository. Totals for 2018, which had been at 465, were recently adjusted to 461 after SpaceTrack
retroactively reclassified four payloads as space debris.

38

Q2—The Space Report 2020 | The Authoritative Guide to Global Space Activity | www.TheSpaceReport.org



m SPACE INFRASTRUCTURE | 3

EXHIBIT 3d. Spacecraft by Purpose and User Segment, 2019
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3.1.1.2.1 Commercial Operators

The four satellite operators with the

highest share of the commercial spacecraft
deployments in 2019 made up 73% of the

total commercial satellites deployed. The 124
satellites SpaceX deployed in 2019 netted a 49%
share of the 251 commercial spacecraft. Planets
32 satellites accounted for a 13% share of the
commercial spacecraft deployed in 2019. Spire
Global, Inc. sent up 18 satellites, taking a 7%
share, while Iridium Communications Inc’s

10 satellites brought home a 4% share of all
commercial spacecraft deployed in 2019.

3.1.1.2.2 Civilian Operators

Three civil government operators, the U.S,
China, and Russia, had the largest share (64%)
of 2019’s 114 civil government spacecraft

deployments. This is relatively consistent with previous years; those three nations invest more in civil government
operations than any other nation or multinational entity. In 2018, the U.S., China, and Russia accounted for 60% of the total
share of civil government deployments, deploying a combined 83 spacecraft.

The U.S. deployed 37, or 32%, of the civil government spacecraft in 2019, a decrease from 2018’ 45 spacecraft deployments.
China deployed 20, an 18% share, but a decrease from 2018 when China deployed 25. Russia deployed 16 spacecraft, or
14%, of civil government spacecraft deployed last year. Russia increased its civil government payload deployments by three

from 2018’ 13 spacecraft deployed.

Earth observation payloads accounted for the highest share 29% (33) of civil government supported missions in 2019,
followed by communications payloads at 21% (24), and data relay with an 18% share (20).

EXHIBIT 3e. Military Spacecraft by Deployment, 2014-2019
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Six nations deployed 60 military satellites in 2019: the U.S,,
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EXHIBIT 3f. Chinese Military Spacecraft Deployment, 2014-2019 3.1.1.2.3 Military Deployments

. China, Russia, India, Japan, and Mexico. Of those, the largest
70 shares of military satellites deployed came from the U.S., China,
60 and Russia.
37
50 The United States deployed 47% (28) of military satellites last
" 1 year. The U.S. Air Force represented the largest share, 12, or
. 20% of all military spacecraft deployed.
30 " 1
" China deployed 14 military satellites in 2019 (23%). The Beidou
13 30 35 35 Satellite Navigation System Office deployed 10 of those and
10 2 21 held the next-largest share of all military spacecraft deployed at
17%. The third-largest share went to Russia. Of the 10 Russian
O o4 2015 2016 2017 2018 2019 spacecraft deployed in 2019, the Ministry of Defense of the
® Other Military  Total for all years Russian Federation deployed seven, a 12% share of all military

156 97 253
spacecraft.

Source: Space Foundation Database

EXHIBIT 3g. Top Five Spacecraft Manufacturers, 2019 3.1.1.3 Spacecraft by Operator and Manufacturer

The three spacecraft operators with the largest share of 2019’s deployed
spacecraft are based in the U.S.: SpaceX, Planet, and Spire Global, Inc.
These three commercial operators accounted for 37% (174) of all spacecraft
deployed that year. The majority of SpaceX’s deployments (120) were
communications and data satellites. The other four were Dragon resupply
missions to the ISS.

3.1.1.4 Spacecraft Masses

Of the 466 spacecraft deployed last year, 58% (272) had a mass of less than
500 kg (1102 Ib). The combined masses of those satellites totaled 37,208.64
kg (82,031 Ib). Of those (272) satellites, 130 fell into the SmallSat category
weighing 181kg - 500 kg.

| SpaceX (U.S.) m Planet (U.S.) = Spire Global, Inc (U.S.)
China Academy of Space Technology (CAST)
m Thales Alenia Space (TAS) France

Source: Space Foundation Database Even though only 10 heavy satellites (mass > 7,000 kg) deployed in 2019,
EXHIBIT 3h. Spacecraft by Mass, 2015-2019 they took the largest share
of the total mass delivered
700 to orbit, accounting for
600 25% (61,745 kg, 136,124
Ib) of the mass of all
500 spacecraft deployed. The
400 heaviest spacecraft, the
Japanese HT'V- 8 operated
300 by Mitsubishi Heavy
200 Industries, launched in
2019 with a combined
100 mass of 16,500 kg (36,400
- B = . I N = = B l Ib). The HTV-8 is an
ExtraHeavy Heavy Int large  Medium  Micro Mini Nano Pico SmallSat  Unknown unmanned cargo
m2015 ®m2016 mW2017 2018 w2018 transport spacecraft that

delivers supplies to the ISS.

Source: Space Foundation Database
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3.1.2 Data Insights - Starlink Overview

Starlink is a quickly expanding constellation of low Earth orbit satellites designed and manufactured by SpaceX. Starlink is
the largest constellation in space, with more than 480 satellites. The company plans to deploy 42,000 satellites with the first
12,000 to deploy over eight years.!

SpaceX’s goal is to increase its deployment rate to as many as 2,000 satellites per year.”

SpaceX is building satellites at a rate of six per day, four times faster than its
closest competitor. It deployed 75% (120) of all communications satellites

in 2019.* The company’s flat-panel SmallSats, weigh 260 kg each and relay
communications and internet of things (IoT) data and form one of the largest
LEO broadband constellations ever conceived. Federal Communications
Commission (FCC) approvals currently allow SpaceX to launch up to 12,000
satellites to support Starlink. That’s just the beginning; in late 2019, SpaceX
requested approval for up to 30,000 additional satellites.*

st Ced 53T What will Starlink do?
Starlink is using phased array antennas for Ka-band uplinks, and Ku-band downlinks offer low-latency, global, high-speed
broadband internet with direct-to-consumer wireless capability.”® The company has said that its space-based internet service
is expected to play a significant role in servicing less populated areas of the globe. Once complete, and combined with
existing broadband networks, Starlink will offer fully connected internet access anywhere on Earth. SpaceX expects to reach
global coverage next year.”

SpaceX will require a massive ground network of fixed Earth receivers to receive the thousands of Starlink signals beaming
towards Earth. In a study conducted by MIT, researchers found “SpaceX’s limiting factor will be the ground segment, as they
need to deploy a very large number of ground stations and gateways to operate at full power”.® In preparation, the company
has secured approval from the FCC to deploy up to 1 million ground antennas. Each ground receiving station measures
about 19 inches (.48 m) across.’

EXHIBIT 3i. Communications Satellites 3.1.3 Communications Satellites Overview

Deployed by Sector, 2019 Last year, 198 communications satellites were deployed, a 42% share of the satellites
deployed in 2019. That was a 55% increase from 2018’s 128 communications satellite
deployments. The 198 satellites varied in physical size, mass, and payload function,
from small CubeSats relaying amateur radio signals to heavy satellites with full
communications capabilities. Swarm Technologies, a company working to advance
the Internet of things (IoT), deployed communications and data relay picosats with a
mass of just 1 kg (2.2 Ibs).

At the other end of the 2019 spectrum was a Sky Perfect (JCSAT/Kacific)
communications satellite with a mass of 6,800 kg (equivalent to the launch weight of
14,991 Ibs). It was the heaviest communications satellite of 2019.

m Civil Government  m Commercial = Military Communication, data relay and IoT satellites dominated the communications
satellites deployed in 2019. SpaceX’s Starlink missions began bulk deployments of 60
low Earth orbit communications and IoT satellites in May 2019, totaling 120 satellites.

Source: Space Foundation Database
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EXHIBIT 3j. Spacecraft by Purpose, 2019
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EXHIBIT 3k. Spacecraft by Purpose for Top 5 Countries, 2019
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The following breakdown will cover only the
three entities with the largest portions in each
subsection.

3.1.3.1 Communications Satellites Mission
Segment Breakdown

The vast majority of communications
satellites deployed in 2019, 81% (161), were
for commercial missions, increasing over
200% from 2018’s 53 satellites deployed for
commercial communications missions.

Civil government spacecraft ranked second
with a 12% share (24), a 27% decrease from
2018’s 33 satellites deployed.
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The 13 satellites deployed for military communications missions took a 7% share of communications satellites deployed in
2019, an increase of 63% from 2018’s eight military communications satellites deployed.

SpaceX, Iridium, and OneWeb were the top three operators of the 161 commercial communications satellites deployed

last year.

The top two commercial communications operators, SpaceX and Iridium, are headquartered in the U.S. The third,
OneWeb, is a UK company. The three operated 134 of the commercial communications satellites deployed in 2019. SpaceX,
with a 75% share (120), deployed the bulk of commercial communications satellites in 2019.
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EXHIBIT 3I. Communications Satellites Deployed by Orbit, 2014-2019 The top four operators of the 24 civil
government-focused communications
250 satellites deployed in 2019 were China Satellite

Communications Co. (China Satcom),
Indian Space Research Organisation (ISRO),
Russian Space Agency (Roscosmos), and

200

Japan’s Kyushu Institute of Technology (KIT).
150 The communications satellites of those four
organizations accounted for a 50% share of
the civil government spacecraft (12). All four

100
organizations each deployed three satellites.
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Source: Space Foundation Database

The Russian Ministry of Defense operates a Cosmos 2539 communications satellite to geostationary orbit (GEO), and
the Russian Space Agency (Roscosmos) deployed a Cosmos 2541 communications satellite into a highly elliptical (HEO)
Molniya orbit.

The U.S. deployed the 10 remaining military satellites. Only two U.S. organizations deployed to geostationary orbit: the

U.S. Air Force deployed a WGS-10 global wideband communications satellite, and the U.S. Air Force Space and Missile

Systems Center deployed an AEHF 5 communications satellite. The eight remaining U.S. satellites deployed to low Earth

orbit (LEO). The U.S. Naval Academy (USNA) deployed both the PSAT 2 and the BRICSAT 2 communications satellites.

The Department of Defense (DoD) deployed two communications and technology development satellites, CATSAT 1 and

CATSAT 2. The U.S. Air Force Space Command deployed Pearl 1 and Pearl 2, both communications test satellites. U.S.

Army Space and Missile Defense Command deployed Harbinger, a communications

EXHIBIT 3m. Top Three Communications ~ demonstration prototype satellite, and the Defense Advanced Research Project
Operators, 2019 Agency (DARPA) deployed Orca 1, a communications technology demonstration
satellite.

3.1.3.2 Communications Satellites Company Breakdown

Iridium was SpaceX’s closest competitor for total communications satellites deployed
in 2019, deploying 10 spacecraft for a 6% share. Those deployments bring Iridium’s
constellation size to 66 interlinked communications satellites for point-to-point
communications. Along with Iridium’s primary payload, its spacecraft also has a
secondary positioning, timing, and navigation (PNT) payload. Iridium is the first
commercial company operating a PNT constellation."’

OneWeb deployed just 4% (6) of all communications satellites in 2019. OneWeb has

m SpaceX  m Planet = Spire Global, Inc. since voluntarily filed for Chapter 11 of the Bankruptcy Code in the U.S. Bankruptcy
Court." Due to the high demand for LEO broadband coupled with the OneWeb
ecosystem already in place, OneWeb is pressing forward with major plans. The global
communications network company is now requesting an increase in constellation
size from the FCC to 48,000 total satellites in orbit, 6,000 more than SpaceX is planning.

Source: Space Foundation Database
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OneWeb, SpaceX’s nearest competitor, plans to launch 650 satellites for its global broadband constellation. To date, OneWeb
has launched 74 satellites. OneWeb has discussed publicly the desire to add up to 48,000 spacecraft. SpaceX has launched
65% of OneWeb’s planned constellation.'?

In 2019, SpaceX took a commanding lead in commercial satellite manufacturing. All of the company’s Starlink satellites are
designed and manufactured in-house. SpaceX manufactured 61%, or 120, of communications satellites deployed in 2019,
four times as many satellites deployed by the largest share in 2018. Airbus Space and Defense came next with a 4% share,
manufacturing seven spacecraft. Airbus was followed closely by Thales Alenia Space with six satellites, a 3% share of all
communications satellites deployed in 2019.

EXHIBIT 3n. Positioning, Navigation, and
Timing Satellites Deployed by Sector, 2019

m Civil Government Military

Source: Space Foundation Database

3.1.4 Positioning, Navigation, and Timing (PNT) Satellites Overview

Of the 466 spacecraft deployed during 2019, 3% (13) were for Positioning, Navigation,
and Timing (PNT) missions. PNT satellite deployments in 2019 increased the overall
number of dedicated PNT satellites by 33% from 2018. At the end of 2019, 195 PNT
satellites were orbiting the Earth in six constellations.

The Space Report’s data on PNT satellites highlights major shifts with respect to the
buildout of crucial PNT infrastructure. For example, 13 PNT satellites were deployed
in 2019. Ten, or 77%, were for China’s Beidou constellation. That share is 8% more
than China’s 2018 Beidou share, 69% of the total PNT satellites deployed. With
China’s constellation nearing full capacity, it’s likely the country will slow down its
PNT deployments in the years to come.

Military operations have been the driver for launching PNT constellations, but
the public has been the benefactor of these launches. Commercial benefits derived
therefrom, such as location services on a smartphone, or shipping logistics, far

outweigh the military’s investment in PNT systems.

The following breakdowns will cover the three entities with the largest portions in each subsection.

EXHIBIT 30. Positioning, Navigation, and
Timing Satellites Deployed by Country, 2019

m China Russia  m United States

Source: Space Foundation Database

3.1.4.1 PNT Satellites Mission Segment Breakdown

Much like previous years, all of the 13 PN'T deployments in 2019 were for military
missions. China, Russia, and the U. S. accounted for all 13 military PNT satellites.
China’s share was the largest, with 77% (10). Russia deployed two PNT satellites or
15% of the overall share. The U.S. deployed one PNT satellite for an 8% share.

3.1.4.2 PNT Satellites Country Breakdown

Of the 143 PNT satellites in Earth orbit during 2019, 132 were operational, up 31%
from 2018’s total of 101 operational satellites. Nonoperational status is due in most
cases to satellites undergoing maintenance or testing.

China took the lead for the highest share of operational PNT satellites in 2019, 30%
(43), with its Beidou Navigation constellation (BDS). The U.S. Global Positioning
System (GPS) took second with 22% (31) of the operational satellites. Russia’s Glonass
PNT system moved to third with a 17% (24) share. The EU Galileo ranked fourth in
2019, with a 15% (22) share of the operational PNT satellites. India and Japan had less
than a 6% share each.
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3.1.4.2.1 Beidou

In 2019, the Beidou constellation grew by 30%. China deployed 11 PNT satellites in 2019, bringing the new total of its
satellites deployed to 53, far more than the 35 satellites required to operate the global navigation system. Although 53
satellites have been deployed, only 48 are in the constellation (43 operational, and 5 spares in orbit)."”” The overall number
of Beidou satellites exceeds the numbers in each of its U.S., Russia, and EU/ESA constellation counterparts.

The five test/spare satellites that support the constellation are not counted as part of the total operational count due to the
fact that they operate on different signals systems and are considered to be purely test satellites."*

The constellation is comprised of spacecraft and systems operating in three main segments: space, ground, and user. The
space segment utilizes three main orbits, geostationary Earth orbit (GEO), inclined geosynchronous orbit (IGSO), and
medium Earth orbit (MEQO).>

In China, 2019 marks the year of completion for the core support of the overall constellation orbiting in MEO. China
launched the final two satellites to operate in MEO in December 2019, bringing the core support constellation size to

24 satellites — satisfying requirements needed to support the full constellation of 48 satellites, which is intended to be
finalized by the end of 2020. The two remaining satellites will launch in 2020. As of March 2020, 54 satellites in the Beidou
constellation were launched and operational. Although 54 satellites have launched, only 48 satellites remain in orbit. Six of
the satellites have become in-operational since China began launching Beidou missions.

The Beidou constellation supports five major functions: real-time navigation, rapid positioning, precise timing, location
reporting, and short message communication.

China Academy of Space Technology, a subsidiary of the China Aerospace Science and Technology Co., Ltd., manufactured
64% (35) of the Beidou satellites. The remaining satellites are manufactured by the Innovation Academy for Microsatellites

of Chinese Academy of Science.

China’s share of the global operational PNT satellites is 33%; this equates to a ranking of No. 1 for the second year in a row.

EXHIBIT 3p. BeiDou Deployment by Quarter, 2014-2019
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Source: Space Foundation Database
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3.1.4.2.2 Galileo

Europe’s global satellite navigation system (GNSS), also known as Galileo, is funded and owned by the European Union
(EU)." Constellation and ground segment operations and management are conducted jointly by the EU and European
Space Agency (ESA). In 2019, the EU focused primarily on testing the space and ground segments. No GNSS satellites were
deployed in 2019 by Europe in support of the Galileo program, leaving the constellation size at 26 spacecraft in orbit.

Once complete in 2020, the constellation will consist of 30 satellites deployed to MEO." The constellation is interoperable
with the U.Ss GPS and Russia’s Glonass."® European nations have been expanding on the success of Russia and the U.S. and
are close to finalizing efforts to gain independence among the global navigation system community. Unlike the U.S. and
Russia, where GPS and Glonass operations are maintained by the military, Galileo is a civilian-controlled program.

The FCC granted a waiver in 2018 for devices in the U.S. to receive signals from the Galileo system, providing more
accuracy for positioning and navigation purposes.

EU’s share of the global operational PNT satellites in 2019 is 15%; this equates to a ranking of No. 4.

3.1.4.2.3 NavIC

India’s PNT satellites make up the Navigation with Indian Constellation (NavIC), the nation’s Regional Navigation
Satellite System (RNSS). The constellation grew to its current operational size in 2018 with the deployment of an
eighth PNT satellite.”” One of the previously deployed satellites is no longer operational and does not support the
larger constellation, leaving the constellation size at seven.*

India did not launch any PNT satellites in 2019. To operate the seven satellites in the constellation, the Indian Region-
al Navigation Satellite System (IRNSS) receives operational support from the Indian Space Research Organisation’s
(ISRO) Navigation Centre (INC). NavIC provides regional location and timing services to India and its neighboring
countries and provides restricted use to the Indian government and military. India’s share of the global operational
PNT satellites is 6%; this equates to a ranking of No. 5.

3.1.4.2.4 QZSS

Japan’s Quasi-Zenith Satellite System (QZSS), also known as Michibiki, is the nation’s PN'T constellation. Japan’s Cabinet
Office maintains and operates the navigation system.” The constellation consists of four fully operational positioning, navi-
gation, and timing spacecraft.”

Japan’s four operational PNT satellites bring the nations share of global operational PNT satellites to 3%; this equates to a
ranking of No. 6.

Along with positioning, navigation, and timing, the satellites are used for emergency services. Emergency information is
broadcast directly to the Southeast Asia and Oceania regions.

3.1.4.2.5 Glonass

Russia’s Glonass system remained steady for the second year in a row with the number of operational satellites in its con-
stellation (24). Russia deployed two additional PNT satellites in 2019, increasing its constellation size to 27. Two of those are
spares, one is in testing, and 24 are in operational orbit.*

Glonass-M, or Uragan-M, is Russia’s second-generation PNT satellite. All 24 operational satellites are Glonass-M. These

satellites are manufactured by the Russian-based company ISS Reshetnev. Russia’s share of the global operational PN'T
satellites is 17%; this equates to a ranking of No. 3.
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31.4.2.6 GPS

The U.S. GPS is operated and maintained by the U.S. Air Force. GPS has been the world’s preeminent navigational system
since operations began in 1988. The constellation has undergone various changes throughout those 32 years to achieve
success. Technological developments leading to increasing satellite functionality have created a constant demand for
upgrades, replacements satellites, and constellation security.

A combination of legacy and modernized satellites operates in sync to form the full operational constellation of 31 PNT
satellites. There are 11 legacy GPS satellites type Block IIR supporting the system, and 20 modernized satellites; 19 are GPS
IT satellites. Seven of the GPS IIs are type Block IIR-M, which are a modernized type Block IIR, and 12 are type Block ITF.**
Only one GPS I1I satellite has been deployed, the GPS III/IIIF.

In September 2018, the U.S. Air Force awarded Lockheed Martin a “fixed-price” contract worth $7.2 billion to build 22 GPS
11I-F (follow-on) satellites.” Lockheed expects to deliver the first satellite under this new contract by 2026. In an announce-
ment from the office of the Secretary of the Air Force, Chief of Staff Gen. David L. Goldfein stated, “This investment in GPS

111 continues to advance our capabilities into the future”.*

EXHIBIT 3q. Positioning, Navigation, and Timing Constellation Size, 2010-2019 The U.S. share of the global operational PNT
satellites is 22%; this equates to a ranking of
60 No. 2.
30 3.1.5 Earth Observation/Remote Sensing
2 / (EO/RS) Satellites Overview
Of the 466 deployed spacecraft in 2019, 22%

30 _// (101) were deployed for Earth observation/
20 remote sensing (EO/RS) missions. That is a
10 / 57% decrease from 2018’s 38% share (176).

IS

The following breakdowns will cover the
three entities with the largest portions in each

0
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= (China == Europe == Japan India == Russia == United States )
subsection.

Source: Space Foundation Database

3.1.5.1 EO/RS Satellites Mission Segment Breakdown

Of the 101 EO/RS satellites deployed in 2019, a majority, 61% (62), were deployed for commercial purposes. The 62
commercial satellites are a decline from the number of commercial EO/RS satellites deployed in 2018 (98). Civil government
EO/RS satellites accounted for a 33% share with 33 deployments. The military segment deployed the least amount of EO/RS
satellites in 2019 with a 6% share.

The three satellite operators with the largest share of commercial EO/RS were Planet, Spire Global, Inc., and Chang Guang
Satellite Technology Co. Those 62 satellites made up a 52% share of the commercial EO/RS satellites deployed in 2019. Planet
had the largest share of 2019 EO/RS satellite deployments, with 32. Spire Global’s 17 deployments represent the second-
largest share. Chang Guang Satellite Technology’s four commercial EO/RS satellites took a 4% share.

During 2019, the four civil government operators with the largest shares of EO/RS satellites deployed 17 of the 33 civil
government satellites launched for the year.

The National Oceanic and Atmospheric Administration (NOAA), working with the Taiwan National Space Organization
(NSPO), deployed six out of the 33 EO/RS civil satellites deployed, an 18% share of that mission segment.
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EXHIBIT 3r. Top 3 Earth Observation/Remote Sensing (EO/RS) Satellites Deployed by Operator and User, 2019

Chang Guang Satellite Technology Co. Ltd. “

Planet 32

Canadian Space Agency (CSA)
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B Commercial [ Civil Government

Source: Space Foundation Database

The National Remote Sensing Center of the People’s Republic of China (NRSCC) accounted for 15% (5) of the civil
government EO/RS spacecraft deployed. The third-largest share was a tie between the Chinese Academy of Sciences (CAS)
and the Canadian Space Agency (CSA). Both organizations deployed three civil government EO/RS satellites, each with a
9% share of that mission segment.

Four nations deployed six EO/RS spacecraft for military purposes in 2019. This number is a dramatic decrease from 2018’
27 EO/RS spacecraft deployed for military use. China deployed three spacecraft, and the remaining nations, India, the US.,
and Mexico each deployed just one EO/RS satellite in 2019.

3.1.5.2 EO/RS Satellites Country Breakdown

Earth observation and remote sensing satellite operations are conducted from various countries around the globe. In 2019,
the bulk of EO/RS operators were located in the U.S. and China. The two nations deployed a combined 82 satellites, 81% of
all EO/RS spacecraft deployed during 2019.

Two U.S. companies, Planet and Spire Global, had 49 satellites deployed last year, accounting for nearly 49% of all EO/

RS satellites deployed globally and 91% of the 54 U.S. EO/RS deployments in 2019. Planet’s 32 satellite deployments gave
the company the largest share of all organizations deploying EO/RS spacecraft in 2019, a decrease from 2018’ 38 satellites
deployed. Those efforts netted the company a 32% share of all EO/RS satellites deployed, while Spire’s 17 satellites deployed
gave that company a 17% share. Spire’s total spacecraft deployed also decreased from 2018’s 28 EO/RS satellites deployed.

The National Remote Sensing Center of the People’s Republic of China (NRSCC) deployed five of the 22 Chinese EO/RS
satellites. The NRSCC had the largest share at 23% of the EO/RS spacecraft deployed by China. Tied closely behind were
the Chang Guang Satellite Technology Co., and the China Aerospace Science and Technology Corporation (CASC), each
with an 18% (4) share of spacecraft deployed by China in 2019.
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2018’s top three EO/RS manufacturers remained in the same positions in 2019. Planet, Spire, and China Academy of Space
Technology (CAST) accounted for 55% (56) of all EO/RS satellites deployed in 2019. While Planet and Spire operate their
satellites, CAST is primarily a manufacturer.

3.1.5.3 EO/RS Meteorological Focus

Meteorology satellite deployments decreased by nearly half, from 49 in 2018 to 25 in 2019. Two civil government
organizations, one civil government company, and one commercial company deployed 25 satellites, earning them a
combined 25% share of all EO/RS satellites deployed with a meteorological focus. There were no military missions
deploying EO/RS meteorology satellites in 2019.

Seventeen satellites were commercial EO/RS payloads with a meteorological focus last year, accounting for 68% of that
mission segment. All 17 were manufactured and deployed by Spire Global.

Civil government meteorology satellites made up 32% (8) of deployed EO/RS meteorology spacecraft. A collaboration
between the U.S. and Taiwan deployed six of those satellites, while the Russian Space Agency and the Russian company,
Russian Space Systems (RSS), deployed one satellite each.

3.2 Exploration and Research Spacecraft, Landers, and Rovers—Overview

Of the 466 spacecraft deployed in 2019, less than 1% (3) were used for space exploration and research. Two of those
deployments were lunar mission with one from Israel and one from India. The third exploration craft, a Russian and German
international collaboration, was sent to a selenocentric (sun) orbit.

All three of the exploration deployments came from the civil government segment. SpacelL and the Israeli Space Agency,
the Russian Space Agency (Roscosmos) and the German Center for Aviation and Avionics (DLR), and the Indian Space
Research Organisation (ISRO) operated the three spacecraft.

Israel deployed the Beresheets lander, Russia and Germany deployed the SPEKTR RG, and India deployed the Chandrayaan
2 spacecraft.

There were no commercial exploration and research deployments in 2019.

3.2.1 Exploration and Research Spacecraft, Landers, and Rovers—

A Mission Sampling

3.2.1.1 Exploring the Moon: Beresheet

The space industry’s first privately funded lunar lander launched from Floridas
Cape Canaveral Air Force Station on February 22, 2019. The lander, with a
mass of 585kg (1,290 lbs) and measuring about 1.5m (5 ft) high and 2.3m (7.5
ft) wide, was a collaboration between the Israeli Space Agency and the Israeli
nonprofit organization SpacelL. The Beresheet mission gave Israel the fourth
spot in the number of nations that have touched down on the lunar surface,
followed by Russia (USSR at the time), the U.S., and China.

The mission was not a complete success. After 6.5 million kilometers and two
months of travel time, the spacecraft reached lunar orbit and completed the
lunar orbit insertion maneuver. That was the last successful task Beresheet
Beresheet lander. Crediit: ESSTI completed. Shortly after lunar orbital insertion, on April 11, 2019, the
spacecraft crash landed on the moon’s surface.” SpacelL reports a malfunction
caused a series of problems resulting in an engine shutdown and crash on the moon at 32.5956°N, 19.3496°E.28%
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BeresheetImpact'Sitel- After SYPR Beresheet had many firsts in its mission: The first non-governmental mission to
: the moon, the first rideshare to the moon, and the smallest spacecraft to aim and
reach the moon.*

3.2.1.2 Exploring Lunar Orbit: Chandrayaan 2

Chandrayaan 2, comprised of a lunar orbiter, a lunar lander, and a small lunar
rover, launched on July 22, 2019, from the Satish Dawan Space Center in India.
The spacecraft reached lunar orbit on August 19, 2019, and set down on the
unexplored south pole of the lunar surface less than a month later on September
6,2019. Chandrayaan 2’s attempts at a soft landing failed, although none of the
on-board equipment was damaged.

Some of the missions include lunar topographic mapping from lunar orbit, lunar
Beresheet crash site. Credit: NASA exospheric research, and lunar surface sampling. Scientists and engineers at the
ISRO planned for an extensive research mission with Chandrayaan 2. Thirteen
payloads operate on three lunar explorers: the Chandrayaan 2 lunar orbiter, the
Vikram lunar lander, and Pragyan lunar rover.

The lunar orbiter weighs 2,379 kg (5,245 Ibs). It carries a terrain-mapping camera,
an orbital high-resolution camera, a soft X-ray spectrometer, an IR spectrometer,
a solar X-ray monitor, a synthetic aperture radar, an atmospheric compositional
explorer, and dual frequency radio experiment.* *

The Vikram lander carries three scientific payloads: The radio anatomy of
Moon bound hypersensitive ionosphere and atmosphere (RAMBHA), which

is used to measure electron density and temperatures on the Moons surface,

the Chandrayaan’s surface thermo-physical experiment (ChaSTE) which will
measure the temperature gradient of thermal activity of the lunar surface, and an
instrument for lunar seismic activity (ILSA), a lunar seismometer.”

The six-wheeled Pragyan Rover weighs just 27 kilograms (60 Ibs) and comes
equipped with two payloads. An alpha particle X-ray spectrometer (APXS),
and a laser induced breakdown spectroscope. Both are used for inspecting the
elemental composition of the Moon's surface.**

India’s Chandrayaan 2 spacecraft mission is intended to focus on the search for
water, study lunar surface composition, and measure seismic activity to gain a
better understanding of the origin and the evolution of the Moon.”

3.2.1.3 Exploring the Universe from L2: Spektr-RG

In 2019, Russia, in collaboration with Germany, deployed a space observatory
Chandrayaan 2. Credit: ISRO referred to formally as the Spectrum Roentgen Gamma Space Observatory
(Spektr-RG). The launch occurred on July 13, 2019, from the Russian-leased
Baikonur cosmodrome located in Kazakhstan.*

The Spektr-RG is the second satellite in a series of three.”” Onboard payloads include two X-ray mirror telescopes: a German
eROSITA telescope and the Russian ART-XC telescope. Each nation receives data from its respective telescope.”®
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Spektr-RG’s mission is to rotate in an elliptical orbit around an area known as the Lagrange point L2, which will provide the
best celestial viewing area. The spacecraft will be perfectly positioned to communicate with operators on Earth, and it will
also have a clear view of the Sun, the Earth, and deep space. The spacecraft successfully reached orbit in October 2019. Its
main goal is to map the entire visible universe in the X-ray spectrum, conducting six-month surveys over a 6.5-years.**

Scientists anticipate using the data received from eROSITA and ART-XC to gain a better understanding of massive black
holes at the center of forming superclusters — stars in various stages of their lifecycles — and the different forms of dark
matter, dark energy, and their effects.

Matt Christine is a data analyst for Space Foundation.
Senior Data Analyst Becki Yukman contributed to this report.
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3.3 SNAPSHOT: Russian and U.S. Human Spaceflight Cooperation

Since 2006, NASA has paid the Russian government approximately $3.9 billion to purchase Soyuz seats for astronauts
from the United States and the International Space Station’s other international partners, according to a 2019

report by NASA’s Office of Inspector General. As a contingency to U.S. human spacecraft launches, NASA in May
announced it would pay more than $90 million for a seat on the Soyuz this fall. A look at some related numbers:

EXHIBIT 3s. Cost per Soyuz Seat by Launch Date

Cost per Seat (Dollars in Millions) Number of Seats Purchased
100 10
80 8
|
60 ' e 6
40 4
20 l 2
N
0 0

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Launch Year

Cost per seat B Number of seats Number of unflown seats

Source: NASA Office of Inspector General (0IG) analysis of Agency-provided contract information.

EXHIBIT 3t. Tentative ISS Crew Vehicle Flights and Crewmember Allocation

2019 2020 2021
A S OND J FMAMIJ J ASONDIJFMAMIJ J ASOND
Flight Schedule
Soyuz-1 585 61s HEEE 63s HEEE 655
Soyuz-2 59S 62S
Boeing Test Flight
SpaceX

Crewmember Allocation

Usos
Roscosmos

Total crew on ISS

Source: NASA OIG summary of ISS Flight Plan from September 24, 2019. Per management officials, this schedule is under Agency review and subject to change.
Note: The Soyuz lines indicate expedition designations. Red cells indicate crewed scenarios that pose a risk to ISS operations because of reduced crew, yellow
cells indicate nominal operations, and green cells indicate optimal conditions based on the current capacity of the ISS.

a Current space agency discussion will allocate a fourth seat aboard U.S. commercial vehicle flights to a USOS or Roscosmos crew member. Russian seats would
be by barter system.
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3.4 SNAPSHOT: 2020 Launch Activity

Despite a global pandemic, launches for the first half of 2020 were on par with previous years. The 41 successful launches
just slightly below the average number of successful launches over the past five years, at 43.2.

EXHIBIT 3u. Launches in First Half of 2020 EXHIBIT 3v. 2020 1H Launches by Country
Japan
0,
60 / 5%

50

40
3
43
2 37
1
0 Source: JAXA

2016 2017 2018 2019 2020

o

o

o

I Successful Launches Failures

EXHIBIT 3w. 2020 1H Launches by Manufacturer
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53 Q2—The Space Report 2020 | The Authoritative Guide to Global Space Activity | wwwTheSpaceReport.org



T

<

m SPACE INFRASTRUCTURE | 3

3.5 Q&A: Anti-Satellite Tests and the Global, Commercial Ramifications

On April 15, Russia conducted a non-contact anti-satellite test, joining India, China, and the United States in developing and
testing such a capability. To gain better insight about this emerging global issue, The Space Report reached out to the Colorado
Springs-based Space ISAC, the only all-threats security information source for the public and private space sectors.

Two Space ISAC members, Dr. Michael P. Gleason and Dr. Michael Ryschkewitsch, shared thoughts on what the April test
means for the larger space community, the steps nations should take, and the options manufacturers and operators have in
hardening and protecting satellites.

Dr. Gleason is the national security
senior project engineer with
Aerospace Corporation’s Center
Space for Policy and Strategy and has
30+ years in space operations

and policy.

Dr. Ryschkewitsch is the space
exploration sector head at the
The Applied Physics Laboratory.
He formerly served as the

Chief Engineer NASA.

From the recent Russian ASAT Test and others what can we consider “lessons learned” about the threat to the space sector?

Michael Gleason: The Russian test highlights yet again that space is an increasingly contested domain, a warfighting
domain per se, and we should not be surprised if conflict extends into space. Whether directly targeted or not, the threat to
all space actors comes from the space debris generated by kinetic kill ASATS like the Russian Nudol ASAT.

Michael Ryschkewitsch: The Chinese test of 2007 was a wake-up call. Many people first became aware of the possibility of
hostilities in space against space assets, and they also quickly understood the universal hazard and expense to all operators
from the resultant long-lasting debris and avoidance maneuvers. The good news was that the international outcry was
intense, and since that time all nations with this capability have used them in a way to not create debris. The lesson learned:
The voice of the community can have a positive effect.

What is the future of ASAT technology and the implications for space warfare? Do you think the commercial sector needs to
anticipate ASATs as commonly available weapons?

MG: Trends point to more, increasingly capable terrestrially based ASATSs such as the Nudol, and ever more threats from
co-orbital weapons including space-based kinetic weapons, jammers, high-powered microwaves, and perhaps lasers some-
day. In the last dozen years, China, Russia, India, and the United States have demonstrated the ability to destroy satellites
kinetically with ASATs. The commercial space sector should not assume conflict will not extend into space. Commercial
satellite owners could help reduce the threat by helping to establish norms of responsible behavior in space. Intelsat set the
example in 2015 when the president of Intelsat General publicly called out Russian behavior as “irresponsible” regarding the
close approach of Russia’s Luch satellite to an Intelsat commercial satellite. Commercial satellite owners could also help the
government attribute malicious behavior by sharing data they may possess on any interference they encounter.

Do you think any new policies/modified policies need to be in place to protect satellite owners from ASATs or reduce
the threat?

MR: While more nations may choose to develop this capability, it is not clear what the real potential use is beyond a last-ditch
effort in dire straits. While it is possible to destroy an adversary’s satellite and perhaps “level” some playing field, the aftermath
threatens everyone’s space assets, including those of the user of the weapon. This is a classic case where the capability is more
valuable as a deterrent than in actual use. There are international agreements codifying measures to avoid creating more
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debris and in a perfect world would serve as a starting point for agreements to limit the use of ASAT capabilities.
From your perspective, what options do satellite owners have in preventing these types of attacks on their systems?

MG: Satellite owners should make their satellites difficult to attack and, in that way, deter attacks from the start. Satellite
owners should use encrypted command and control uplinks/downlinks as a first level of defense against malicious attacks.
Have counters to jamming. Harden against high-powered microwaves. Maneuverability helps. The more satellites are
hardened, the better they will prevent an attack in the first place. Soft targets will attract more attacks.

MR: Nation-state operators are likely to have ready information and capability to protect their systems against the
initial attack, and warnings may be extensible to others via entities such as the Space ISAC. Beyond the initial event
however, everyone will be adversely aftected by the risk of loss and the need to analyze more and maneuver more often.
Understanding best practices and better tools and techniques may reduce the impact, but the only way to stop it is by
international agreement. There are similarities to the maritime laws and agreements that may serve as examples for the
space community. A real question will be how and by whom will these be enforced. Again, there are examples in the
maritime domain, but the extension to space won't be easy.

What else should satellite owners contemplate regarding cyber or non-cyber security threats while promoting a culture
of security?

MG: Good communication among stakeholders is a prerequisite because it facilitates trust and increases cooperation.
Complete, accurate, and timely information sharing among stakeholders is crucial for identifying and countering threats.
Establishing means to communicate rapidly among stakeholders and share information is a priority.

How does the Space ISAC help with information sharing to promote awareness within the space sector of these
non-cyberattacks?

MG: Space ISAC conferences, seminars, and other events and mechanisms facilitate cooperation and the development of
trust among stakeholders, which is a prerequisite for effectively preparing to counter emerging threats. Sharing information
on sensitive, proprietary information such as satellite anomalies (which could be caused by an attack), and/or satellite
maneuvers (to avoid a threat), and so forth requires trust and confidence in each other.

MR: The Space ISAC can help in several ways. Timely sharing of information can help tactically in adapting operations
and sharing useful practices and experiences. It may be even more important to facilitate community discussion and
the combining of voices to speak out against dangerous actions and seek constructive change. As an organization with
members from multiple nations and with global equities, Space ISAC is a natural forum for beginning these discussions.
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& Innovation

4.0 Introduction

4.1 Space Companies Tap Innovation,
Resourcefulness to Support Coronavirus
Relief Efforts

4.1.1 Testing and Diagnostics

4.1.2 Ventilators

4.1.3 Satellites and Geospatial Data

4.1.4 Personal Protective Equipment (PPE)

4.1.5 Internet Connectivity and Data Services

4.1.6 Community and Business Support

4.2 Hurricane Tracking and Earth Observation Data

4.2.0 Introduction
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4.2.1.2 Future Applications

4.2.2 Earth Observation at NOAA

4.2.2.1 National Weather Service

4.2.2.2 Future Applications

4.2.3 Conclusion

4.0 Introduction | Alongside the monumental achievements in space
history have also come great crises. Indeed, with the risks inherent in space
travel, it could be said that things not always going as planned is part and
parcel of the industry. The silver lining is that space workers are also well

known for quick and decisive actions when things do go off course. Perhaps

it’s no surprise then, that the companies mentioned here have been swift
and deliberate in their response to the coronavirus.
This illustration, created at the Centers for Disease Control and Prevention (CDC), reveals ultrastructural

morphology exhibited by coronaviruses.
Credit: CDC/Alissa Eckert, MS; Dan Higgins, MAMS

4.1 Space Companies Tap Innovation, Resourcefulness to
Support Coronavirus Relief Efforts

4.1.1 Testing and Diagnostics

Immediate concerns when the pandemic began centered on shortages of test-
ing kits and limited information about how the virus spreads. On March 26, Jeft
Bezos, founder of aerospace company Blue Origin, spoke with the World Health
Organization (WHO) director-general to exchange thoughts on how to help con-
trol the pandemic.' Bezos’ Amazon Web Services pledged $20 million to support
the development of new tools to diagnose the virus, and Bezos’ Amazon Care
also assisted by leveraging its infrastructure to provide logistics, deliveries, and
pickups of at-home coronavirus test kits in the hard-hit Seattle area.?

Cobham Advanced Electronic Solutions shared that it has responded to an
increased demand for its application-specific integrated circuits. These circuits
aid in the rapid sequencing of coronavirus samples, which help diagnose patients.
They also are used in medical devices to deliver the genomic sequence of the
virus that causes the COVID-19 disease.’

Diazyme Laboratories, Inc., an affiliate of aerospace company General Atomics, announced that with guidance from the
U.S. Food and Drug Administration (FDA) it has increased the availability of two proprietary test kits used to study the

novel coronavirus.*

4.1.2 Ventilators

Nightmarish stories from frontline healthcare workers have recounted heartrending choices as to who receives a ventilator
and who does not in situations where both patients are in critical need.” In response to that, SpaceX founder Elon Musk
directed efforts to produce more ventilators to combat the shortage. On March 21, medical supply company Medtronic
shared that it had partnered with SpaceX to discuss solutions,® and in an April 4 follow up, Medtronic confirmed SpaceX
would ramp up production of solenoid valves for Medtronic’s ventilators.”

Richard Branson’s Virgin Orbit launch firm partnered with the Bridge Ventilator Consortium.® On April 6, the company
announced the two were aspiring to hit a production rate of 100 units per week. Bridge projected at that time that
production would double within a week, and then double again in subsequent weeks.’

56 Q2—The Space Report 2020 | The Authoritative Guide to Global Space Activity | www.TheSpaceReport.org



m SPACE PRODUCTS & INNOVATION | 4

NASA also joined the effort to produce more ventilators, with its Jet Propulsion
Laboratory (JPL) producing a prototype from initial design to field test within 37
days."” The device passed a critical test on April 21 at the Icahn School of Medicine
nnnnn . L at Mount Sinai, New York, and FDA approval followed on April 30. An update from
A H 1l NASA on May 29 disclosed that after receiving more than 100 applications, JPL had
selected eight U.S. manufacturers to produce the ventilator."

The United Kingdom also assembled a consortium of manufacturers under the name
VentilatorChallengeUK."> Among the 27 participating companies are British aerospace
company BAE Systems and multinational European aerospace company Airbus. A
March 30 media release stated the combined support of this collaboration would allow
for a rapid increase in production from hundreds of units per month to thousands
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VITAL (Ventilator Intervention Technology Accessible : ) ] ] ) )
Locally) is a new high-pressure ventilator developed per month, toward ultimately fulfilling its 10,000-unit goal.” Also in March, with the

by NASA and tailored to treat coronavirus (COVID-19)

, : launch of rockets on hold, the Indian Space Research Organisation (ISRO) reportedly
patients. Credit: NASA/JPL-Caltech

began developing its own simple-to-operate ventilator to meet the country’s urgent
demand in treating COVID-19 patients."*

4.1.3 Satellites and Geospatial Data
It may seem paradoxical that beyond closely analyzing the coronavirus
microbe in labs, its effects on humanity are being observed from much
farther away — specifically, from low Earth orbit. Discussion in an
April 29 webinar hosted by Space Foundation and CompTTA Space
Enterprise Council largely revolved around the use of geospatial data
provided by satellites in monitoring the effects of the pandemic.”
Remote sensing company Planet, which is providing satellite imagery
o to the United Nations, gave several examples of how these pictures can
By show geographical changes indicative of the progression of a disease.
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CENTRAL PARK: New Y. New York «April 4, 2020, 3 f
image bs Inc.

An April 4, 2020 satellite image from remote sensing company Planet shows

the sudden appearance of a coronavirus testing facility in New York City’s Maxar Technologies is also providing satellite imagery to support
Central Park, indicative of the medical response there. .
Credit: Photo courtesy of Planet the Centers for Disease Control (CDC), the Federal Emergency

Management Agency (FEMA), and the Department of Homeland
Security (DHS) in the U.S., as well as the WHO?’s global efforts. About 1 billion of Earth’s citizens live in unmapped areas,
complicating the delivery of aid to people in those regions. To assist in this dilemma, Maxar also donates imagery to the
nonprofit organization Humanitarian OpenStreetMap, staffed by volunteers who map these areas, allowing responders to
identify routes for transporting food and medicine, and facilitating the delivery of aid.'®

The pandemic has raised concerns about the strength of the world’s food supplies, triggering an immediate interest in
monitoring the threat that various lockdowns and restrictions pose to food supply chains and logistics. Representatives of
the Microsoft Azure Space service are taking images and data from various partners and converting them into actionable
models that allow users to perform predictive analytics. In Azure’s collaboration with the U.S. National Guard (Project
SALUS), its querying systems can be used to overlay a map of the U.S. with data linked to regional supplies of beef, bread,
milk, or eggs. These maps then identify areas where there may be shortages — or surpluses that could remedy shortages
elsewhere.”

NASA’s Earth Sciences division reached out to its employees for suggestions on how the agency could redirect its existing
products and efforts to address the advancing pandemic,"® offering a one-time allocation of roughly $2 million to fund such
efforts. In a similar move, the European Space Agency (ESA) announced it was seeking proposals for its “Space in Response
to COVID-19 Outbreak in Italy” by asking how affiliates could use communications, navigation, and Earth observation
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assets to support healthcare and research efforts in the hard-hit country. ESA offered the selected companies access to €2.5
million in funding.”

The TROPOMI (Tropospheric Monitoring Instrument) aboard the Sentinel-5P Copernicus satellite has observed such
atmospheric changes for ESA. The instrument is the most accurate in capturing measurements of nitrogen dioxide as well
as other particulates and industrial gases from space, and it has recorded decreases of up to 30% in fine particulate pollution
over China® and Italy* during pandemic lockdown phases.

4.1.4 Personal Protective Equipment (PPE)

Another ongoing struggle in the global battle against coronavirus has been the shortage of PPE available to protect frontline
workers from infection. In January, before the pandemic had even reached the U.S., Boeing announced a donation of
250,000 medical-grade respiratory masks to address shortages in China, which were provided to health officials in Wuhan
City, Hubei Province, and Zhoushan, Zhejiang Province.”

On April 14, after the virus arrived in the U.S,, it was reported that Boeing had produced the first reusable 3D-printed
face shields with the intention of donating them to healthcare professionals.”? The company stated it was set to produce
thousands more units per week and planned to gradually increase future output. By that time, the company had already
donated tens of thousands of units of PPE, including face masks, goggles, gloves, safety glasses, and protective bodysuits
to support healthcare workers in the hardest-hit locations in the U.S.** Additionally, Boeing offered the use of its airlift
capabilities, including one of its largest cargo carriers — the Boeing Dreamlifter — to help transport needed supplies. On
April 26, the aircraft flew its first mission to deliver 1.5 million medical facemasks from Hong Kong to Charleston, South
Carolina”

SpaceX also produced face shields and hand sanitizer to donate to hospitals.*® Additionally, SpaceX founder Elon Musk
donated 50,000 N95 surgical masks and various protective items to an undisclosed hospital in the U.S. and had promised to
donate 250,000 masks of a similar protection level from his companies to other hospitals.”

On March 30, United Technologies CEO Gregory Hayes announced the company had delivered 90,000 pieces of PPE
to FEMA that week, and in the following week planned to deliver another million pieces. United was also beginning to
produce face shields with the expected output of 10,000 units within the following month.?®

United Launch Alliance (ULA) also supported pandemic relief efforts.” Company President and CEO Tory Bruno tweeted
a video of his home 3D printers producing ventilator manifolds and face shields using files generated by Makers Unite, a
group assembled to encourage people with 3D printers to use them to supply critically needed medical equipment.*

Blue Origin has also been credited with manufacturing 3D-printed face shield components to help combat the crisis.*
Meanwhile, Lockheed Martin began limited production of personal protective equipment and face shields and offered
engineering support for initiatives to accelerate outside PPE production.”” A May 29 update from Lockheed Martin stated
that, to date, across the U.S,, it had produced more than 59,000 protective gowns and 29,000 face shields, and had also
donated the PPE to more than 125 locations where frontline medical workers were caring for COVID-19 patients and other
at-risk individuals.”

4.1.5 Internet Connectivity and Data Services

The rising use of online services for telehealth, teleconferencing, working from home, education, financial transactions,

and myriad other purposes amidst the pandemic underscored the need for uninterrupted and widespread access to high-
speed internet service. Global satellite communications company Viasat announced March 16 it was participating in the
FCC’s “Keep Americans Connected Initiative,” pledging that for the following 60 days it would: not terminate service to any
customers due to an inability to pay bills because of pandemic-related disruptions, waive any late fees customers incurred
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because of economic circumstances related to the pandemic, and would open its Wi-Fi hotspots to all Americans to keep
people connected during the crisis.*

In the April 29 Space Foundation webinar, Mike Lubin, Viasat vice president for corporate development, also outlined the
company’s efforts to expand affordable internet connectivity to nations and regions that have very little, thereby granting
more widespread access to the suddenly critical aforementioned services.*®

On March 23, The White House Office of Science and Technology Policy announced the COVID-19 High Performance
Computing Consortium to study the coronavirus and develop treatments and vaccines.* This collaboration includes NASA
as well as the National Science Foundation, Department of Energy, and other companies and universities. To assist in these
efforts, NASA is providing access to its supercomputers at the Ames Research Center.

In May, NASA also announced a hackathon to focus global programming ingenuity on combating the pandemic.”” This
special edition of the annual Space Apps Challenge is a global collaboration focused on mitigating the spread of the virus.
Unlike previous years, this year’s campaign is being rolled out as a NASA-led partnership with space agencies from around
the globe, including the Canadian Space Agency (CSA), French Space Agency (CNES), Japanese Space Agency (JAXA), and
ESA. The projects cover a variety of pertinent topics, including air purification, monitoring the environmental effects of the
pandemic, identifying environmental factors responsible for outbreaks, and developing solutions to address social isolation.

4.1.6 Community and Business Support

Another adverse effect of the pandemic has been the severe blow it has dealt to the global economy. In a May 29 statement,
Lockheed Martin disclosed it had accelerated more than $300 million in funds that week, with a focus on small businesses
and suppliers at risk due to the pandemic. Lockheed also mentioned it had awarded a $400,000 grant to the Parkland Hos-
pital Foundation in Dallas that week, part of its ongoing charitable contributions of $5 million to state and local organiza-
tions that support communities in which Lockheed Martin operates.®®

Likewise, on April 21, the Aerojet Rocketdyne Foundation announced a campaign to provide up to $750,000 to support
COVID-19 relief efforts in communities where company facilities are located. The campaign included direct donations
totaling $250,000 to COVID-19 relief efforts in communities across the nation, and an employee matching program that
pledged to match up to $250,000 in employee donations to nonprofits supporting COVID-19 relief efforts as directed by
contributing employees.”

Since its inception, the space industry has surprised mankind time and time again by achieving what was once considered
the impossible, demonstrating that perseverance and logistics can conquer almost any seemingly insurmountable chal-
lenge. The examples highlighted here prove how companies vital to today’s space exploration are also vital to the survival
of Earth’s citizens — and provide more reminders of how often space technologies and applications find their way back to
benefit our collective well-being here on Earth.

Andrew de Naray is a multimedia content writer and editor for Space Foundation.
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4.2 Hurricane Tracking and Earth Observation Data
4.2.0 Introduction
The United States was impacted by 14 natural disasters that each
caused over a billion dollars in damage in 2019." Fortunately,
scientists are using a multitude of resources to learn more about
severe weather, including remote sensing satellites that monitor
the Earth from space.” Information from these satellites becomes
especially important during hurricane season when wind, rain, and
the potential for flooding endanger life and property.' Last year,
satellite imagery taken before and after Hurricane Dorian made its
US. landfall at Cape Hatteras, North Carolina, allowed the Federal
Hurricane Dorian as seen from the International Space Station. Emergency Management Agency (FEMA) to identify the areas most
Credit: NASA affected by the storm and to coordinate a rapid response with state
and local officials. Evacuation orders were issued for counties across the Southeast.” Assistance-based organizations such
as the American Red Cross assembled nearly 200 emergency shelters for residents in those areas to wait out the storm in
safety.* Florida Gov. Ron DeSantis mobilized 4,500 members of the National Guard as meteorologists predicted the storm
would be particularly destructive in that state.” The remote sensing satellite programs that aided these responsive actions
are often collaborative efforts between government agencies and countries.® These instruments collect a range of data that
help scientists evaluate Earth’s weather systems and prepare for natural disasters in real time.”

4.2.1 Earth Observation at NASA

NASA’s Earth Observing System (EOS) is made up of a series of remote sensing satellites that have been monitoring Earths
environmental systems for decades.® As part of the Earth Science Division of NASA’s Science Mission Directorate, EOS
gathers information on different aspects of the planets weather and climate systems. Multiple current and completed
satellite missions have collected data on precipitation, water vapor, clouds, radiation, the oceans, and more.

4.2.1.1 Global Precipitation Measurement

One program that monitors the Earth’s weather systems is the
Global Precipitation Measurement (GPM) mission. This is a joint
mission between NASA and the Japan Aerospace Exploration
Agency (JAXA) that launched in 2014.° The GPM program
encompasses a constellation of satellites led by the GPM Core
Observatory, which obtains information on the state, distribution,
and movement of water throughout the Earth's atmosphere.’
According to Dr. Dalia Kirschbaum, GPM’s Deputy Project Scientist
for Applications and Disaster Coordinator, the information gathered
from these satellites provide an unprecedented measure of global

s rain and snowfall.®
GPM Core Observatory produced the first nearly global observations of rainfall
and snowfall. Credit: NASA

These measurements can be used for weather forecasting and

the prediction and analysis of natural disasters. Satellites offer a considerable advantage over Earth-based equipment as
they can provide more frequent and reliable measurements that cover more of the planet’s surface area.” Ground-based
methods are limited and have a difficult time obtaining information from bodies of water. The GPM mission, however,

is able to remotely gather data on the type and amount of precipitation, the movement of weather systems, and can even
generate three-dimensional structures of storms.® Information collected on precipitation and wind structure, ocean surface
temperature, and land surface moisture can be assimilated into models to improve forecasting. Results generated from
these models help community leaders and emergency management coordinators make decisions on evacuation orders
and resource mobilization before a storm even makes landfall.” Environmental data can be acquired and sent to weather
forecasters in as little as 15 minutes.’
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While the number of applications for Earth observation data is growing, there are potential issues regarding usage.
Managing large amounts of data and obtaining results from models can be difficult due to the use of different formats.*°
This process can be time-consuming, costly, and often requires special training.'' NASA has made an effort to expand the
use of its observational data in several ways, Kirschbaum said.® Much of this information is considered open source data
and is available to the public at no charge. The agency also offers training programs on data usage, such as Applied Remote
Sensing Training (ARSET). This program teaches participants how to acquire and use remote sensing data for decision-
making.'?

4.2.1.2 Future Applications

The increased use of environmental data shows the importance
and benefits of Earth observation science. The potential for future
applications in this field seems almost limitless. Kirschbaum and
others at NASA are working on an upcoming remote sensing
program called Aerosol and Cloud, Convection and Precipitation
(ACCP).° These next-generation satellites will measure climate
variability and change as well as weather and air quality.”®
Information gathered will be added to the long-running record
of Earth observation data and will be used to further improve

£ ? .
N ' 2 forecasting and environmental modeling.

5%

b

GPM Core Observatory produced the first nearly global observations of rainfall
and snowfall. Credit: NASA .
v ! 4.2.2 Earth Observation at NOAA

Monitoring our home planet is also important to the National Oceanic and Atmospheric Administration (NOAA) as the
agency seeks to understand and predict changes in the Earth’s systems and share that knowledge with others.'* NOAAs
National Environmental Satellite, Data, and Information Service (NESDIS) gathers data on environmental systems from
satellites and other resources.'® That information is used to analyze weather systems around the world and evaluate the
scale of natural disasters after they occur.

4.2.2.1 National Weather Service

The National Weather Service (NWS) operates as part of NOAA'® and uses satellite information to directly deliver data
on environmental systems to the public and community decision makers and to issue forecasts and warnings about severe
weather."” Dr. Jordan Gerth, a meteorologist at the NWS Office of Observations, specified that information from remote
sensing satellites improves the accuracy of weather prediction worldwide.'®* Measurements from NOAA satellite imagery
offer insights into land and sea conditions, cloud distribution, moisture levels, temperature, and wind and speed direction.
This data can be entered into models and used to evaluate the development, movement, and intensity of storms.

The greatest strength of these satellite observations, Gerth said, is that they provide widespread coverage of the planet’s
systems, which allows for frequent imaging.'® While it is difficult to take measurements of oceans and remote lands from
Earth, satellites are able to deliver important information about changes in conditions from across the globe. These images,
which are taken frequently over the course of 24 hours, improve weather forecasting and predictions. Some geostationary
satellites, which continuously monitor the same section of the planet, are capable of taking images of storms every 30
seconds. Geostationary Operational Environmental Satellites (GOES) are part of a joint program between NOAA and
NASA that continually monitors the Western Hemisphere.* This group of satellites is responsible for monitoring and
tracking storms, providing more lead time to prepare for a storm’s landfall.

4.2.2.2 Future Applications

While the latest series of geostationary satellites, GOES-R, is operational through the year 2036,%° Gerth and others at
NOAA are evaluating options for future satellites that will allow them to continue their observations for the next 20 years.*®
They are assessing new instruments and considering the use of smaller constellation satellites. This presents a possible
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opportunity to obtain weather data from commercial satellite partners. As part of this evaluation, NOAA is also connecting
with people on the front lines. The agency is researching and discovering ways to improve the acquisition and use of satellite
imagery to deliver the information needed by meteorologists, emergency responders, and industry officials.

4.2.3 Conclusion

While many people may never consider the source of their local weather forecast, data obtained from remote sensing
satellites provide vital information used to track and analyze Earth’s environmental systems. The importance and value
of Earth observation data prove that activities in space are not only about exploring other worlds. They also help us to
safeguard life on our planet.

Tara Larson is a graduate of the University of Colorado with a master’s degree in public
administration with emphasis on the space industry. She is a research consultant for
Space Foundation.
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