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Forecast Highlights (2021-2041)

Since its deregulation in 1978, the U.S. com-
mercial air carrier industry has been charac-
terized by boom-to-bust cycles. The volatility
that was associated with these cycles was
thought by many to be a structural feature of
an industry that was capital intensive but
cash poor. However, the great recession of
2007-09 marked a fundamental change in
the operations and finances of U.S Airlines.
Since the end of the recession in 2009, U.S.
airlines revamped their business models to
minimize losses by lowering operating costs,
eliminating unprofitable routes, and ground-
ing older, less fuel-efficient aircraft. To in-
crease operating revenues, carriers initiated
new services that customers were willing to
purchase and started charging separately for
services that were historically bundled in the
price of a ticket. The industry experienced
an unprecedented period of consolidation
with three major mergers in five years. The
results of these efforts were impressive:
2019 marked the eleventh consecutive year
of profitability for the U.S. airline industry.

The outbreak of the COVID-19 pandemic in
2020, however, brought a rapid and cataclys-
mic end to those boom years. Airline activity
and profitability tumbled almost overnight
and without the financial and competitive
strength built up during the boom, airlines
would have faced even greater challenges.
As it was, they were able to slash capacity
and costs, and then, relying on their balance
sheets, credit ratings and value inherent in
their brands, to raise capital through borrow-
ing and restructuring fleets allowing them to
withstand the period of losses into 2021. Alt-
hough several small regional carriers ceased
operations in 2020, no mainline carriers did.

The business modifications necessitated by
the downturn will shape the industry for years
to come. Primarily, airlines will be smaller
having retired aircraft and encouraged volun-
tary employee separations. Fleets, however,
become younger and more fuel-efficient as
retirements targeted the oldest and the least
efficient aircraft. As airlines carry high levels
of debt, capital spending and investment will
be restrained which in turn holds back future
growth. And even the unbundling of services
took a small step backwards as carriers elim-
inated change fees for all but Basic Economy
tickets.

In the medium-term, airlines will be focused
on trying to foretell the recovery in demand
and position themselves to meet it. To date,
that demand recovery has been extremely
uneven, driven by COVID-19 case counts,
vaccinations, governmental restrictions and
the degree of pent-up demand experienced
by consumers. As expected, domestic lei-
sure traffic has led the recovery and domes-
tic business travel should begin to pick-up
later in 2021. International activity will lag
somewhat as individual country experience
with the pandemic is varying so widely. As a
result, airlines have initially shifted flights and
routes to outdoor recreation areas but as the
recovery progresses, their focus will gradu-
ally return to traditional markets and seg-
ments.

Long-term, the strengths and capabilities de-
veloped over the past decade will become
evident again. There is confidence that U.S.
airlines have finally transformed from a capi-
tal intensive, highly cyclical industry to an in-
dustry that can generate solid returns on cap-
ital and sustained profits.
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Fundamentally, over the long-term, aviation
demand is driven by economic activity, and a
growing U.S. and world economy provides
the basis for aviation to grow. The 2021 FAA
forecast calls for U.S. carrier domestic pas-
senger growth over the next 20 years to av-
erage 4.9 percent per year. This average,
however, includes three double-digit growth
years during the recovery from a very low
base in 2021. Following the recovery period,
trend rates resume with average growth
through the end of the forecast of 2.3 per-
cent. Domestic passengers are forecast to
return, on an annual basis, to 2019 levels in
early 2024. Oil prices averaged $43 per bar-
rel in 2020 and are forecast to fall to $36 per
barrel in 2021 before rising steadily to $94 by
the end of the forecast period.

Just as U.S. economic activity drives domes-
tic demand for air transport, foreign eco-
nomic activity affects international travel de-
mand. And as virtually all countries have
taken actions to contain COVID-19, those
same actions have resulted in economic pat-
terns that are similar to those in the U.S. with
sharp declines in 2020 followed by strong re-
bounds forecast as the recovery begins in
2021. The variation of economic perfor-
mance across countries depends on their rel-
ative strength at the beginning of 2020 but is
also dependent on the severity of their expe-
rience with COVID-19 as well as the strin-
gency of their responses. Europe saw sharp
economic declines in 2020, consistent with
its relatively high level of infections and nu-
merous lockdowns that overwhelmed a tepid
level of baseline economic growth. Many
Asian countries, on the other hand, saw only
mild downturns as they took swift and strong
actions to control the virus early in the pan-
demic but also began the year with relatively
strong economic growth. Most countries are
expected to vaccinate their populations and

bring the virus under control by 2022 and
economic growth rates settle back to their
long-run trends in about 2023.

System traffic in revenue passenger miles
(RPMs) is projected to increase by 5.5 per-
cent a year between 2021 and 2041. Do-
mestic RPMs are forecast to grow 5.1 per-
cent a year while International RPMs are
forecast to grow significantly faster at 6.6
percent a year. These figures are, of course,
boosted by several years of high growth
rates during the recovery after which the an-
nual rates return to more moderate long-term
trends. The strong growth rates return sys-
tem RPM, on an annual basis, to 2019 levels
in 2024, with domestic RPM returning early
that year but international RPM recovering a
year later in 2025. System capacity as
measured by available seat miles (ASMSs) is
forecast to grow somewhat slower than RPM
during the recovery period as airlines seek to
restore load factors but, subsequently, ASM
grow in line with the increases in demand.

The FAA expects U.S. carrier profitability to
remain under pressure for several years due
to depressed demand and competitive fare
pressures. As carriers return to levels of ca-
pacity consistent with their fixed costs, shed
excess debt, and see rising yields, profitabil-
ity should gradually return. Over the long
term, we see a competitive and profitable avi-
ation industry characterized by increasing
demand for air travel and airfares growing
more slowly than overall inflation, reflecting
growing U.S. and global economies.

The general aviation (GA) sector was less af-
fected by the COVID-19 crisis than the air-
lines. There are new comers in the high-end
business jet segment as a result of flying pri-
vately due to concerns of the virus. At the
lower end new comers included student, pri-
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vate and commercial pilots, joining the exist-
ing GA pilot population. They are flying pis-
ton aircraft in and out of small airports as well
as larger airports that do not have as many
commercial flights due to the pandemic. The
long-term outlook for general aviation thus is
more promising than before, as growth at the
high-end offsets continuing retirements at
the traditional low end of the sector. The ac-
tive GA fleet is forecast to increase slightly by
0.1 percent between 2021 and 2041, after re-
cording a decline of 2.8 percent in 2020 from
the year before (active fleet shrinks 1 percent
by 2041 from its 2019 level). Turbine aircraft,
including rotorcraft is estimated to not expe-
rience a decline between 2019 and 2020,
while the total of piston fleet is estimated to
have decreased by 1.1 percent in 2020 from
the previous year. While steady growth in
both GDP and corporate profits results in
continued growth of the turbine and rotorcraft
fleets, the largest segment of the fleet — fixed
wing piston aircraft will continue to shrink
over the forecast period. Against the margin-
ally declining active GA fleet between 2019
and 2041, the number of GA hours flown is
projected to increase by a total of 14.8 per-
cent from 2019 to 2041 (an average of 0.6
percent per year), as growth in turbine, ro-
torcraft, and experimental hours more than
offset a decline in fixed wing piston hours.
When the period of 2021 to 2041 is com-
pared, the total hours flown by the GA aircraft
is forecast to increase by an average of 1.0
percent per year, after declining by 9.7 per-
cent between 2019 and 2020, and recover-
ing partially, with a growth of 4.9 percent in
2021 from the previous year.

With the expected robust air travel demand
growth between 2022 and 2026 due to the
U.S. economy recovering from the impact of

COVID, we expect increased activity growth
that has the potential to increase controller
workload. Operations at FAA and contract
towers are forecast to grow 1.9 percent a
year over the forecast period (FY2021-41)
with commercial activity growing at approxi-
mately five times the rate of non-commercial
(general aviation and military) activity. The
COVID recovery growth in U.S. airline activ-
ity is the primary driver. The U.S. commercial
aviation sector has been hit by the pandemic
much harder than the non-commercial sec-
tor. The pent-up demand is expected to drive
the commercial operations back to the pre-
COVID level, hence leading to the stronger
growth in the commercial sector. In particu-
lar, large and medium hubs will see much
faster increases than small and non-hub air-
ports, largely due to the commercial nature
of their operations.

The estimates for U.S. airline traffic con-
tained in the FY 2021 Aerospace Forecast
document were developed between October
2020 and January 2021 and factored in the
latest traffic data, economic forecasts, the
status of COVID-19 infections and availabil-
ity of COVID-19 vaccinations at that time.
Since the completion of the analysis, subse-
guent data on the outlook for economic
growth—which includes the effects of Presi-
dent Biden’s American Rescue Plan and the
two prior COVID-19 relief bills, as well as cur-
rent indicators of U.S. airline traffic and the
rapid rate of vaccinations across the country
due to the Biden-Harris Administration’s ef-
forts—suggest a potential pace of aviation
travel recovery that is faster than is depicted
in the FY 2021 Aerospace Forecast. April
2021 data shows this report is likely con-
servative in its estimates for 2021: Flights op-
erated in April 2021 (471,375) were more
than double the flights operated in April 2020
(194,390) and 72% of the flights operated in
April 2019 (652,533).
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Review of 2020

All sectors of the aerospace industry suffered
from the devastating impacts of COVID-19
and while every sector bore those costs, the
operational and financial consequences
were felt most by U.S. commercial aviation.
As an exception, UAS activity and Commer-
cial Space launches increased during the
year.

U.S. commercial aviation started the year on
very strong footing, but in March the virus
had crossed the Atlantic and efforts to con-
tain it brought a sharp decline to aviation.
TSA checkpoint throughput plummeted from
105 percent of year ago levels in February to
45 percent in March and then just 5 percent
in April. Lockdowns, stay-at-home orders,
testing and quarantine requirements, border
closures and, of course, people's own con-
cerns about being in close proximity to doz-
ens of strangers while travelling, all led to the
drop-off in traffic. ~ While leisure traffic
showed some signs of life around holidays,
business and international traffic was mori-
bund. As revenue collapsed, airlines worked
to aggressively cut expenditures but were
constrained by competitive factors including
a desire to not just survive until the eventual
recovery but to have the capacity at that point
to meet demand and then return to previous
levels of operation. Airlines slashed flights
and routes, parked and retired aircraft, en-
tered into sale-leaseback agreements,
halted investment spending, sought labor
concessions, reduced management com-
pensation and offered voluntary leave and
early retirement programs. While the Payroll
Support Program (PSP) portion of the Coro-
navirus Aid, Relief, and Economic Security
(CARES) Act forestalled furloughs through
September, its expiration led to 37,000

layoffs the following month. According to the
Bureau of Transportation Statistics (BTS),
airline employment was 86,000 jobs lower
than a year earlier, and marked the lowest
level of employment dating back to the be-
ginning of BTS records in 1990. Even with
the aggressive cost cutting, expenses ex-
ceeded revenues during the year, and air-
lines were forced to incur debt to cover the
cash outflow. By September, long-term debt
had reached $107 billion, or more than twice
its level at the same point in 2019.

As difficult as the year was, there were a few
tailwinds. The PSP and two extensions that
keep it active through September 2021 are
enabling airlines to maintain staffing levels in
anticipation of the recovery and direct cash
to other expenses. Fuel prices dropped in
2020 to levels well below those of the past 15
years. And the very large U.S. domestic
market meant that the leisure segment could
travel without fear of shifting foreign entry or
guarantine requirements — factors that, com-
bined with outright border closures, de-
pressed most international demand.

As reflected by the TSA throughput figures,
demand for air travel in 2020 contracted
sharply. In 2020, system traffic as measured
by revenue passenger miles (RPMs) con-
tracted 47.3 percent while system enplane-
ments fell 44.2 percent. Domestic RPMs
were 43.9 percent lower while enplanements
were down 43.1 percent. International RPMs
fell 56.0 percent and enplanements by 53.2
percent. The system-wide load factor was
69.5 percent, down 15 percentage points
from the 2019 level.



FAA Aerospace Forecast Fiscal Years 2021-2041

System nominal yields fell in 2020. In do-
mestic markets, all carriers, whether they
normally targeted the leisure segment or not,
focused on that price-sensitive segment,
adding capacity and lowering fares to attract
revenue. The result was a 20.7 percent drop
in nominal yields. International yield, how-
ever, declined just 0.6 percent as demand
was generally less price-sensitive.

Not surprisingly, the sharp, unanticipated fall
off in demand pushed U.S. airlines into the
red. Data for FY 2020 show that the report-
ing passenger carriers had a combined oper-
ating loss of $32.1 billion compared to an av-
erage profit over the previous five years of
$22.1 billion. The network carriers? reported
combined operating losses of $24.0 billion
while the low-cost carriers? reported com-
bined operating losses of $6.6 billion as all
carriers posted losses.

The general aviation industry experienced a
decline of 12.4 percent in deliveries of U.S.

1 Network carriers are: Alaska Airlines, American
Airlines, Delta Air Lines, and United Air Lines.

manufactured aircraft in 2020, with pistons
slightly down by 0.1 percent (in fact, fixed-
wing single engine piston aircraft deliveries
were up by 3.2 percent) and turbines down
by 24.5 percent. With the effect of the pan-
demic in new deliveries, global billings de-
creased by 14.8 percent to $20 billion, nearly
the same level as they were in 2018 (Statis-
tics for the U.S. billings were not available as
of the publication date of this report).

Total operations in 2020 at FAA and contract
towers fell by 16.7 percent compared to
2019. This was the first annual decline in ac-
tivity since 2015. Air carrier activity de-
creased by 27.5 percent, while air taxi oper-
ations decreased by 24.4 percent. General
aviation activity fell 8.9 percent and military
activity decreased 10.9 percent. Activity at
large and medium hubs fell by 29.9 percent
and 22.9 percent, respectively, while small
and non-hub airport activity declined by 10.9
percent in 2020 compared to the prior year.

2 Low cost carriers are: Allegiant Air, Frontier Air-
lines, JetBlue Airways, Southwest Airlines, Spirit
Air Lines, and Sun Country Airlines.
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ANG

ARP
ASMs
AST
ATO
ATP
AUVSI
BVLOS
CAPS
CBP
CFR
COAs
CORSIA
CRS
Cy
DARPA
DHS
DoD
DoE
Dol
FAA
FY

GA
GAMA
GC
GDP
ICAO
IFR
IMF
ISS
LAANC
LCC
LSA
[UAS
NAS
NASA
NDAA
NOTAM
NPRM
PCE
PDARS
RAC
RLV
RP
RPA
RPMs
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Glossary of Acronyms

Term

FAA Office of NextGen

FAA Office of Airports

Available Seat Miles

FAA Office of Commercial Space Transportation
FAA Air Traffic Organization

Air Transport Pilot

Association for Unmanned Vehicle Systems International
Beyond Visual Line of Sight

COA Application Processing System
Customs and Border Patrol

Code of Federal Regulations
Certification of Authorizations

Carbon Offsetting and Reduction Scheme for International Aviation
Commercial Resupply Services

Calendar Year

Defense Advanced Research Projects Agency
Department of Homeland Security

Department of Defense

Department of Energy

Department of Interior

Federal Aviation Administration

Fiscal Year

General Aviation

General Aviation Manufacturers Association
Grand Challenge

Gross Domestic Product

International Civil Aviation Organization
Instrument Flight Rules

International Monetary Fund

International Space Station

Low Altitude Authorization and Notification Capability
Low Cost Carriers

Light Sport Aircraft

Large Unmanned Aircraft System(s)

National Airspace System

National Aeronautics and Space Administration
National Defense Authorization Act

Notices to Airmen

Notice of Public Proposed Rulemaking

Personal Consumption Expenditure
Performance Data Analysis and Reporting Systems
Refiners’ Acquisition Cost

Reusable Launch Vehicle

Remote Pilot

Remote Pilot Authorization

Revenue Passenger Miles



RTMs
SUAS
SpaceX
TRACON
TRB
TSA
UAM
UAS
UASFM
usD
VFR
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Revenue Ton Miles

Small Unmanned Aircraft System(s)
Space Exploration Technologies Corp.
Terminal Radar Approach Control
Transportation Research Board
Transportation Security Administration
Urban Air Mobility

Unmanned Aircraft System(s)

UAS facility maps

United States Dollar

Visual Flight Rules
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Economic Environment

Economies around the world were devas-
tated by measures necessary to bring the
COVID-19 virus under control such as stay-
at-home orders, limits on gathering sizes for
both public and private events, quarantine
measures and even border closures. In
2020, global real GDP contracted by 3.6 per-
cent, a rate considerably better than that pre-
dicted during the early months of the pan-
demic but still the most severe decline since
1946. Near-term forecasts have also shifted
significantly from one month to the next as
factors such as government support pro-
grams, COVID-19 case counts, and vaccine
development and vaccination progress are
all rapidly changing. In the most recent fore-
cast, IHS Markit projects that world economic
growth will rise to 5.1 percent in 2021, up
from the 4.5 percent used in the preparation
of this Aerospace Forecast. By 2023, the re-
covery and payback from the downturn is
complete and the forecast of world real GDP
growth has returned approximately to the
long-term trend rate of 2.8 percent — un-
changed in recent months.

In the U.S., enhanced unemployment bene-
fits, high personal savings rates, and a pick-
up in consumer spending on services all con-
tribute to GDP strength in 2021 and 2022.
Compared to the U.S., real GDP growth in
Western Europe will be somewhat slower in
the near- and medium-term. Relatively more

10

strict COVID-19 containment efforts in some
countries and slower vaccine rollouts contrib-
ute to slower economic growth. On the other
hand, the manufacturing sector has provided
economic support for several countries and
U.S. fiscal stimulus will further boost exports
from that sector. Similarly, Japan's eco-
nomic rebound in the near-term is supported
by export demand from the U.S. and Asia,
but restrained by sluggish consumer spend-
ing and its longstanding demographic trends.
In emerging markets, China’s growth rate
slowed in 2020 but did not contract, under-
pinned by the government’s drastic but effec-
tive COVID-19 containment measures that
allowed early restoration of normal economic
activities. In other large emerging markets,
Brazil provided large fiscal stimulus that
moderated the downturn in 2020 but the
combination of the considerable increase in
public debt plus the withdrawal of that stimu-
lus will dampen the rebound in the medium-
term. Russia, like many other countries, saw
its contraction in 2020 driven by a sharp drop
in consumer spending and those new spend-
ing patterns combined with low oil prices and
slow vaccination progress will all dampen the
recovery. While India's economic recovery
may be restrained by a second wave of in-
fections and a slow vaccine rollout, in the me-
dium-term its growth will be supported by fa-
vorable demographics and a relatively low
savings rate.
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World Economic Growth in 2020
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IHS Markit forecasts world real GDP to grow
at 2.9 percent a year between 2021 and
2041. Emerging markets, at 3.9 percent a
year, are forecast to grow above the global
average but at lower rates than in the early
2000’s. Asia (excluding Japan), led by India
and China, is projected to have the fastest
growth followed by Africa and Middle East,

m Brazil

mJapan mEurozone mindia mWorld

Latin America, and Eastern Europe. Growth
in the more mature economies (1.8 percent
a year) will be lower than the global trend
with the fastest rates in the U.S. followed by
Europe. Growth in Japan is forecast to be
very slow at 1.0 percent a year reflecting
deep structural issues associated with a
shrinking and aging population.

Asia and Middle East/N. Africa Lead Global Economic Growth
(annual GDP percent growth 2021-2041)

China

Asia ex. China & Japan
M.E. & N. Africa

World

Latin America
Emerging Europe

u.s.

Eurozone

Japan

Source: IHS Markit, Dec 2020 World Forecast
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As global economic output declined in 2020,
so did the demand for oil resulting in a sharp
drop of almost 30 percent in prices. After
holding at about $60 per barrel in both 2018
and 2019, the price fell to $43 per barrel in
2020 and is projected to continue down to
$36 per barrel in 2021 based on increasing

supply.  Over the long-run, IHS Markit ex-
pects the price of oil to increase due to grow-
ing global demand and higher costs of ex-
traction. IHS Markit forecasts U.S. refiner's
acquisition cost of crude to remain below
$100 per barrel throughout the forecast hori-
zon.

U.S. Refiners' Acquistion Cost

$120
$100
$80
$60
$40

$ Per Barrel of Qil

$20
$0

Source: IHS Markit

U.S. Airlines

Fiscal Year

Domestic Market

Mainline and regional carriers® offer domes-
tic and international passenger service be-
tween the U.S. and foreign destinations, alt-
hough regional carrier international service is
confined to the border markets in Canada,
Mexico, and the Caribbean.

Over the coming years, the commercial air
carrier industry will be focused on recovering
from the devastating consequences of the
COVID-19 pandemic. First, carriers will work

3 Mainline carriers are defined as those providing
service primarily via aircraft with 90 or more
seats. Regionals are defined as those providing

12

to identify and assess demand as it returns
fitfully from the lows reached in 2020. Next,
and as load factors rise, the focus will shift to
adding capacity back into networks in a cau-
tious and deliberate manner. With demand
beginning to approach 2019 levels, balance
sheets strengthen allowing carriers to adopt
the more customary longer-term strategies.

service primarily via aircraft with 89 or fewer seats
and whose routes serve mainly as feeders to the
mainline carriers.



FAA Aerospace Forecast Fiscal Years 2021-2041

The unpredictable demand environment car-
riers faced in the second half of 2020 is ex-
pected to extend throughout 2021. The first
part of the year will likely see a continuation
of weak activity punctuated by spikes around
holidays. Travel will be almost entirely con-
fined to leisure segments of the population
and recreational geographic markets. Asthe
year progresses, increasing vaccinations
and greater control over infections will begin
to support steadier growth in activity due to
pent-up demand for leisure travel by the
broader population and to a wider range of
destinations. Activity remains low, however,
and carriers seek to stimulate demand by
holding fares down.

The growing and increasingly predictable ac-
tivity will allow carriers to return capacity to
typical markets, and reduce reliance on
purely recreational destinations. Ultilization
rates will rise and carriers will bring parked
and stored aircraft back online. Activity
grows slowly, however, as it is restrained by
the economy and labor markets that also
heal slowly. Although leisure travelers con-
tinue to make up the majority of passengers,
shoots of a business travel recovery begin to
emerge. Employees slowly become more
comfortable with travelling again and em-
ployers find ways to satisfy duty-of-care re-
quirements. Along with strengthening de-
mand will come rising fares.

In the third phase, activity begins to ap-
proach 2019 levels and industry conditions
begin to normalize. Leisure travel has largely

13

returned to pre-pandemic levels and busi-
ness travel is steadily catching up. Carriers
remain somewhat constrained by debt in-
curred to survive the crisis and forgo some
capital investments in favor of strengthening
their balance sheets.

Throughout the recovery from the pandemic,
several trends emerged that subsequently
will, to greater or lesser extent, be reversed.
Low-cost carriers targeting leisure travelers
benefitted from relative strength in this seg-
ment. The sharp curtailment of business
travel, on the other hand, impacted legacy
carriers and those serving key business mar-
kets. And all carriers received a boost from
low fuel prices that were due in part to re-
duced energy demand worldwide.

Regional carriers suffered very similar con-
sequences of COVID-19 as did the mainline
group. In 2020, regionals provided 11.5 per-
cent of domestic capacity, up just slightly
from 11.1 percent in 2019. In terms of traffic,
regionals saw marginally better performance
than their mainline counterparts, claiming
11.2 percent of RPM in 2020 compared to
10.4 percentin 2019. The deviations in 2020
are expected to be temporary as travel pat-
terns and airline operations begin their re-
covery to more normal conditions.

The regional market continues to face pres-
sure as the regionals compete for even fewer
contracts with the remaining dominant carri-
ers; this has meant paltry growth in enplane-
ments and yields.
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The regionals have less leverage with the
mainline carriers than they have had in the
past as the mainline carriers have negotiated
contracts that are more favorable for their op-
erational and financial bottom lines. Further-
more, as mainline carriers cut service to
smaller cities during 2020, it was the regional
partners that were most affected. While re-
gional airlines had previously faced some pi-
lot shortages, this problem evaporated with
the onset of the pandemic and the resulting
capacity cuts. As regional carriers recover
and activity returns to 2019 levels, both of
these concerns are expected to reverse: ser-
vice to smaller cities will return and flight
crews will again be in short supply.

A trend for regionals that was largely unaf-
fected by the pandemic is the longstanding
increase in the number of seats per aircraft.
This measure rose by more than 55 percent
over the decade from 1997 to 2007 and alt-
hough it slowed more recently to an increase
of 17 percent in the ten years ending in 2019,
that same pace generally continued in 2020.
A consequence of this drive to replace their
50 seat regional jets with more fuel-efficient
70 seat jets is that capital costs have in-
creased. The move to the larger aircraft will
prove beneficial in the future, however, since
their unit costs are lower.

Mainline carriers have also been increasing
the seats per aircraft flown although, unlike
that for the regionals, the trend had been ac-
celerating. From 1997-2007, mainline seats
per aircraft expanded just one-half of one
percent but from 2009-2019, the measure
grew 10 percent. In 2020, mainline seats per
aircraft continued to grow but at about half
the previous pace as carriers parked or re-
tired many of their largest aircraft.
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Another continuing trend is that of ancillary
revenues. Carriers generate ancillary reve-
nues by selling products and services be-
yond that of an airplane ticket to customers.
This includes the un-bundling of services
previously included in the ticket price such as
checked bags, on-board meals and seat se-
lection, and by adding new services such as
boarding priority and internet access. After
posting record net profits in 2015, U.S. pas-
senger carrier profits declined subsequently
on rising fuel and labor costs, and flat yields,
but were supported by ancillary revenues.
Even in 2020 when profits turned to stagger-
ing losses, this remained a meaningful
source of revenue for carriers.

On the other hand, revenue management
systems that have grown increasingly so-
phisticated in recent years became almost
worthless in 2020. These systems enable
carriers to price fares optimally for each day
and time of flight, and to minimize foregone
revenue. But, because they rely on historical
data to make price and schedule predictions,
the unprecedented nature of the collapse in
2020 meant they could provide little guid-
ance and carriers were forced to assess mar-
ket conditions without the benefit or precision
of that quantitative analysis.

While revenue management systems will re-
gain their important role once travel demand
returns to more normal rhythms, one source
of ancillary revenue, change fees, was
broadly scrapped in 2020. As traveler plans
were forced to change due to COVID-19-re-
lated restrictions, airlines began dropping
fees for itinerary changes in many ticket clas-
ses. In the middle two quarters of 2020,
change fee revenue fell by about 90 percent
compared to 2019, while other miscellane-
ous fees contracted by less than 50 percent.
Some airlines have stated that the elimina-
tion of change fees is a permanent move and
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won't be reversed with the end of the pan-
demic.

Other methods of segmenting passengers
into more discreet cost categories based on
comfort amenities like seat pitch, leg room,
and access to social media and power out-
lets were unaffected by the pandemic. In
2015, Delta introduced “Basic Economy”
fares that provided customers with a main
cabin experience at lower cost in exchange
for fewer options. In February 2017, Ameri-
can began offering its version, and United
deployed its version of Basic Economy fares
across its domestic network in May 2017.

The offering of Basic Economy fares has
been part of an effort by network carriers to
protect market share in response to the rapid
growth low cost carriers (LCC) have
achieved in recent years. In 2019, mainline
enplanements had increased almost 23 per-
cent since 2007, and regionals' had risen 2
percent, low cost carrier enplanements grew
by 39 percent. RPMs over the same period
show a similar pattern with mainline RPMs
up almost 27 percent, regional RPMs up 11

4 Commercial air carriers encompass both main-
line and regional carriers.
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percent and LCC RPMs fully 48 percent
higher. These longer term trends were inter-
rupted in 2020 with both enplanements and
RPM dropping across all categories by about
40 percent from 2019. Nevertheless, the
strength of LCCs is expected to continue in
coming years.

2020 also saw other trends interrupted. U.S.
commercial air carriers’ total number of do-
mestic departures had risen for the second
year in a row in 2019, and ASM had risen
each of the previous nine years. But then in
2020, departures and ASM declined sharply,
falling almost 30 percent from the prior year.
On the demand side, RPMs and enplane-
ments, which had grown for nine consecutive
years, saw even steeper declines of 40 per-
cent in 2020. The prior trends were a result
of the expanding size of aircraft and higher
load factors.* In 2019, the domestic load fac-
tor bumped up to 85.2 percent — a new his-
toric high — but then tumbled to 68.7 percent
in 2020 as passengers stopped flying to a
greater extent than carriers could match.
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System (the sum of domestic plus interna-
tional) capacity contracted 35.9 percent to
791 billion ASMs in 2020 while RPMs plum-
meted 47.3 percent to 550 billion. During the
same period, system-wide enplanements fell
44.2 percent to 511 million. In prior years,
U.S. carriers had prioritized the domestic
over the international market in terms of allo-
cating capacity as the U.S. saw stronger eco-
nomic growth than many regions around the
world. And in 2020, travel restrictions asso-
ciated with COVID-19 caused this split to
continue as domestic capacity was curtailed
less than international: -30.5 percent for do-
mestic compared to -49.5 percent for inter-
national. However, as U.S. carriers shift their
focus to recovery, international capacity
growth will outpace domestic, mainly be-
cause the international reductions in 2020
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were much more severe. Subsequent years
through 2041 see carriers continue to ex-
pand capacity in international markets faster
than domestic as the domestic market con-
tinues to mature.

U.S. mainline carrier enplanement growth in
the combined domestic and international
market was -44.9 percent in 2020 while re-
gional carriers carried 41.3 percent fewer
passengers.

In the domestic market in 2019, mainline en-
planements marked their ninth consecutive
year of increases, a trend that was abruptly
halted in 2020 with a decline of 43.6 percent.
Similarly, mainline passengers in interna-
tional markets had posted a tenth consecu-
tive year of growth in 2019 and that trend was
broken in 2020 with a 53.4 percent decline.
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Domestic mainline enplanement growth is
forecast to drop further in 2021, falling 4.2
percent before beginning a recovery in 2022
with a 43.3 percent increase. The two sub-
sequent years, 2023 and 2024, also see
strong rates of growth and domestic mainline
enplanements return to 2019 levels in early
2024. With the recovery complete, domestic
enplanements resume growth driven by eco-
nomic fundamentals and average 2.3 per-
cent over the remainder of the forecast. In-
ternational mainline enplanements follow a
similar path with strong growth early in the

International Market

Over most of the past decade, the interna-
tional market has been the growth segment
for U.S. carriers when compared to the ma-
ture U.S. domestic market. In 2015 and
2016, growth in the domestic market surged,
outpacing international markets. However,
in 2017 enplanement growth in international
markets exceeded that in domestic markets,
only to be reversed again in 2018 and 2019.
That relative performance continued in 2020
although rather than appearing as stronger
domestic growth, it manifested as a less se-
vere decline: domestic enplanements fell 43
percent in 2020 compared to 53 percent for
international. International travel was partic-
ularly impacted by border closings, quaran-
tine requirements and other travel re-
strictions, as well as the uncertainty of when
requirements might change. The fall off of
business travel also contributed to the de-
cline, even as leisure travel was supporting
domestic markets. International travel is ex-
pected to continue to be constrained over the
next two to three years by varying levels of
COVID-19 infections and governmental re-
sponses across countries. Individuals will
also be making personal assessments of the
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recovery that slows as enplanements return
to 2019 levels in 2025. From then through
the end of the forecast in 2041, international
enplanements are expected to grow at an av-
erage of 3.3 percent.

Although carriers cut capacity, the drop in
traffic was even greater and system load fac-
tor fell from 84.5 percent in 2019 to 69.5 in
2020 — a drop that far exceeded those follow-
ing both 9/11 and the Great Recession. Load
factor gradually recovers, returning to its
2019 level in 2025.

risks of travel and will likely be less comfort-
able travelling internationally than domesti-
cally. The early years of the recovery will
see some strong growth rates as activity lev-
els come off a low base but these will return
to more typical rates once levels approach
2019 values expected in early 2025. From
FY 2021-2025, average annual growth rates
for ASM and RPM are projected to be just
over 16 percent while enplanements are
forecast to grow at 19 percent. From FY
2025-2041, annual growth for ASM and RPM
is forecast at 3.0 percent while enplane-
ments will grow at a rate of 3.1 percent. Tak-
ing these two periods as a whole gives an-
nual growth rates from FY 2021-2041 for
ASM, RPM and enplanements of 6.0, 6.6,
and 6.1 percent, respectively.

In the long-run, growth of major global econ-
omies will slow from the above-trend rates of
recent, pre-pandemic years. Several moder-
ating factors are at work, including damp-
ened credit growth, reduced global trade,
and political stresses. The European and
Japanese economies are generally seeing
slow but positive growth, in part due to weak
trade with Asia. In turn, this has been driven
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by trade disputes as well as China's continu-
ing gradual slowdown which has been man-
aged by the government and is unlikely to de-
cline sharply. Overall, global conditions ap-
pear set to return to a stable path once the
pandemic has been brought under control

but with growth rates that are closer to long-
term trends than the higher rates of the re-
cent pre-pandemic years. Nevertheless,
combined with moderate oil prices, this pre-
sents a supportive environment for air travel
demand.
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U.S. Carriers - ASMs
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While 2020 was a very difficult year for car-
rier management because no amount of
marketing, low fares or other strategizing
could generate the much-needed activity,
2021 will likely be equally challenging. Car-
riers will be eager to add capacity to capture
revenue as long as that revenue covers the
additional variable costs. Further, the added
capacity will have the competitive purpose of
defending market share. While the locations
and extent of any demand recovery are ex-
tremely uncertain, overall activity will be
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= |nternational Market

weak. In 2021, ASM are forecast to grow 2.5
percent. RPM and enplanements, however,
are expected to fall (partly due to the timing
of fiscal 2020, which included five strong
months) by 9.7 and 0.7 percent, respectively.
Load factors have already reflected this ten-
sion as they dropped from 82.9 percent in
2019 to 72.3 percent in 2020. They fall fur-
ther in 2021 to a low of 63.8 percent before
returning gradually close to 2019 levels in
2025.
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U.S. Commercial Air Carriers
International Market
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The impact of COVID-19 on travel by region
has varied somewhat, as will the recovery
paths. Factors affecting the responses by
market are similar to those affecting travel as
a whole: COVID-19 case counts, govern-
mental restrictions, predominant traveler
segments, and macroeconomic conditions.
In 2020, enplanements to Latin America suf-
fered the least compared to the previous
year, followed by the Pacific and Atlantic re-
gions.

For U.S. carriers, Latin America remains the
largest international destination with more
than twice the enplanements of Atlantic, the
next largest in a typical year, due to its prox-
imity to the U.S., strong trade ties, and pop-
ular visitor destinations. Enplanements in
2020 fell an estimated 48.7 percent while
RPMs fell 48.9 percent. Positive growth is
projected to resume in 2021, supported in
part by leisure traffic to warm weather desti-
nations and by the relatively low number of
COVID-19 cases and travel restrictions in
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RPMs e===Enplanements

some countries. Enplanements and RPMs
are forecast to increase 16.0 and 20.8 per-
cent, respectively, in 2021, and continue with
double-digit increases in the following three
years. RPM are expected to recover to 2019
levels in early 2026. Over the twenty-year
period 2021-2041, Latin America enplane-
ments are forecast to increase at an average
rate of 6.2 percent a year while RPMs grow
6.5 percent a year.

The Pacific region is the smallest in terms of
enplanements despite the economic growth
and potential of air travel to the region's
emerging markets. In 2020, U.S. carriers
saw enplanements drop 57.9 percent from
their 2019 levels, as many countries closed
their borders early in the year, especially
China, a very large market in the region.
Meanwhile, traffic (RPMs) tumbled by 58.4
percent. In 2021, enplanements and RPM
are expected to decline further though at
slower rates: -36.0 and -32.2 percent, re-
spectively. Because many countries in the
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Pacific region have had relative success in
controlling COVID-19 transmission, travel re-
strictions will be slow to lift, contributing to the
continued travel decline in 2021. Strong in-
creases are projected for the following two
years and RPM returns to 2019 levels in
2025. For the twenty-year period 2021-
2041, Pacific enplanements are forecast to
increase at an average rate of 5.7 percent a
year while RPMs grow 6.3 percent a year.
Although the region is forecast to have the
strongest economic growth of any region
over the next 20 years, led by China and In-
dia, enplanements and RPMs over the pe-
riod are restrained in part because U.S. car-
riers continue to have a majority of their ser-
vice in the region to Japan as opposed to
faster growing countries.

With roughly twice the enplanements of the
Pacific region in recent years, the Atlantic re-
gion ranks in the middle. After contracting in
2015 and 2016, Atlantic enplanements have
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accelerated steadily in recent years reaching
7.0 percent growth in 2019. This growth was
supported by U.S. demand as well as growth
of Middle East and African markets, even as
the European economies slowed in 2019. In
2020, like the other regions, Atlantic en-
planements tumbled by 61.1 percent and
2021 is projected to see another, smaller de-
cline. Percentage gains in subsequent years
are large, returning enplanements to 2019
levels in early 2025. While Western Europe
is a mature area with moderate economic
growth, the economically smaller Middle
East and Africa areas are expanding rapidly
with GDP growth rates more than twice that
of Europe. As a result, a larger share of the
forecast aviation demand in the Atlantic re-
gion is linked to those two areas, particularly
in the second half of the forecast period.
Over the twenty-year period from 2021 to
2041, enplanements and RPM in the Atlantic
region are forecast to grow at an average an-
nual rate of 6.9 percent.
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Total passengers (including Foreign Flag
carriers) between the United States and the
rest of the world fell even more in 2020 than
did U.S. carriers alone. Foreign carriers,
without the relative strength of domestic mar-
kets for support, were forced to reduce ca-
pacity more and thereby sacrificed passen-
ger traffic. Total passengers collapsed by an
estimated 73.4 percent to 67 million in 2020
as all regions posted losses led by an 80.4
percent reduction in the Atlantic region.

FAA projects total international passenger
growth of 58.3 percent in 2021 as global eco-
nomic growth rebounds. The strongest pas-
senger growth is expected in the Latin region
and the slowest in the Pacific. Similar to
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growth rates of enplanements on U.S. carri-
ers, total passenger growth rates in the early
years of the forecast are high, returning pas-
senger numbers to 2019 levels in 2025.
Moderate global economic growth averaging
2.9 percent a year over the next 20 years
(2021-2041) is the foundation for the forecast
growth of international passengers of 9.4
percent a year, as levels increase more than
six-and-a-half times from 67 million in 2020
to 446 million in 2041.

The Atlantic and Latin American regions
were of comparable size in 2019 and both
reach the end of the forecast period again at
similar sizes although the paths differ. Atlan-
tic growth is faster early on and slows relative
to Latin American in later years, consistent
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with GDP forecasts. Over the 20-year fore-
cast period (2021-2041), the Atlantic region
grows at an average annual rate of 11.2 per-
cent while Latin America grows at a rate of
7.7 percent. Although European markets in
the Atlantic region are mature and relatively
slow growing, other markets such as the Mid-
dle East and Africa boost overall growth in
the region.

In the Pacific region, stringent COVID-19
travel restrictions combined with sluggish
Japanese GDP growth will offset some of the
strong economic growth and rising incomes
in China, India and South Korea, resulting in

Cargo

Air cargo traffic includes both domestic and
international freight/express and mail. The
demand for air cargo is a derived demand re-
sulting from economic activity. Cargo moves
in the bellies of passenger aircraft and in
dedicated all-cargo aircraft on both sched-
uled and nonscheduled service. Cargo car-
riers face price competition from alternative
shipping modes such as trucks, container
ships, and rail cars, as well as from other air
carriers.

U.S. air carriers flew 43.9 billion revenue ton
miles (RTMs) in 2020, up 2.3 percent from
2019 with domestic cargo RTMs increasing
9.6 percent to 17.8 billion while international
RTMs contracted 2.1 percent to 26.1 billion.
In the prior year (2019) domestic RTM in-
creased just 2.8 percent and international
declined 1.3 percent. The surge in 2020 do-
mestic RTM was supported by consumers
purchasing goods to enhance time spent at
home as necessitated by the pandemic. Air
cargo RTMs flown by all-cargo carriers com-
prised 88.0 percent of total RTMs in 2020,
with passenger carriers flying the remainder.
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a relatively slow return to 2019 passenger
levels in 2027. From 2021 to 2041, passen-
gers between the United States and the Pa-
cific region are forecast to grow 9.9 percent
ayear.

Like the Atlantic region, Canada transborder
is another mature market but is considerably
smaller. It is projected to grow at an average
rate of 10.5 percent over the forecast period,
similar to the Atlantic region. Total passen-
ger counts return to 2019 levels in 2024, the
fastest of the four regions.

Total RTMs flown by the all-cargo carriers in-
creased 12.2 percent in 2020 while total
RTMs flown by passenger carriers fell by
37.8 percent. Although many passenger car-
riers reconfigured aircraft to accommodate
more cargo, the sheer drop in passenger
flights outweighed that increase, resulting in
the steep drop of passenger carrier RTM. As
passenger flights return, the share of cargo
on passenger carriers will increase, rising
from 12 percent in 2020 to about 19 percent
in 2024.

U.S. carrier international air cargo traffic
spans four regions consisting of Atlantic,
Latin, Pacific, and ‘Other International.’

Historically, air cargo activity tracks with
GDP. Other factors that affect air cargo
growth are fuel price volatility, movement of
real yields, globalization and trade.

The forecasts of revenue ton miles rely on
several assumptions specific to the cargo in-
dustry. First, security restrictions on air
cargo transportation will remain in place.
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Second, most of the shift from air to ground
transportation has occurred. Finally, long-
term cargo activity depends heavily on eco-
nomic growth.

The forecasts of RTMs derive from models
that link cargo activity to GDP. Forecasts of
domestic cargo RTMs use real U.S. GDP as
the primary driver of activity. Projections of
international cargo RTMs depend on growth
in world and regional GDP, adjusted for infla-
tion. FAA forecasts the distribution of RTMs
between passenger and all-cargo carriers
based on an analysis of historic trends in
shares, changes in industry structure, and
market assumptions.

After increasing by 2.3 percent in 2020, total
RTMs are expected to grow 5.5 percent in
2021, primarily due to strong increases in
passenger carrier RTM growth. Because of
steady U.S. and world economic growth in
the long term, FAA projects total RTMs to in-
crease at an average annual rate of 3.0 per-
cent over the forecast period (from 2021 to
2041).

Following a 9.6 percent surge in 2020, do-
mestic cargo RTMs are projected to moder-
ate in subsequent years as the boost from
the pandemic fades. Between 2021 and
2041, domestic cargo RTMs are forecast to
increase at an average annual rate of 1.6
percent. In 2020, all-cargo carriers carried
93.4 percent of domestic cargo RTMs. The
all-cargo share is forecast to decline mod-
estly to 91.1 percent in the medium-term as
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passenger flights return to the system. Inthe
long-term, the all-cargo share rises only
slightly to 92.1 percent by 2041 based on in-
creases in capacity for all-cargo carriers.

International cargo RTMs fell 2.1 percent in
2020 after posting a 1.3 percent decline in
2019. As with domestic markets, RTM car-
ried by all-cargo carriers grew strongly in
2020 while that transported by passenger
carriers fell even more sharply: 11.6 percent
compared to -40.8 percent. With the post-
pandemic return of passenger flights, RTM
on passenger aircraft is expected to grow
rapidly, increasing about 19 percent per year
from 2021 to 2024. Over the same period,
all-cargo RTM grows at about 2 percent per
year as passenger carriers capture much of
the overall growth. Following that period of
recovery, growth for both types of carriers re-
turns to long-run trend rates. For the forecast
period (2021-2041), international cargo
RTMs are expected to increase an average
of 3.8 percent a year based on projected
growth in world GDP with the Pacific Interna-
tional region having the fastest RTM growth
(4.3 percent), followed by Other (4.1 per-
cent), Atlantic (3.2 percent), and Latin Amer-
ica region (3.1 percent).

The share of international cargo RTMs flown
by all-cargo carriers was 84.2 percent in
2020 and is forecast to decline steadily dur-
ing the recovery period before gradually in-
creasing in line with historical trends and
ending at 78.4 percent in 2041.
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General Aviation

The FAA uses estimates of fleet size, hours
flown, and utilization rates from the General
Aviation and Part 135 Activity Survey (GA
Survey) as baseline figures to forecast the
GA fleet and activity. Since the survey is
conducted on a calendar year (CY) base and
the records are collected by CY, the GA fore-
castis done by CY. Forecasts of new aircraft
deliveries, which use the data from General
Aviation Manufacturers Association (GAMA),
together with assumptions of retirement
rates, generate growth rates of the fleet by
aircraft categories, which are applied to the
GA Survey fleet estimates. The forecasts
are carried out for “active aircraft,” not total
aircraft. The FAA’s general aviation forecasts
also rely on discussions with the industry ex-
perts conducted at industry meetings, includ-
ing Transportation Research Board (TRB)
meetings of Business Aviation and Civil Heli-
copter Subcommittees conducted twice a year
in January and June.

The results of the 2019 GA Survey, the latest
available, were consistent with the results of
surveys conducted since 2004 improve-
ments to the survey methodology. The ac-
tive GA fleet was estimated to be 210,981
aircraft in 2019 (0.4 percent decline from

5 An active aircraft is one that flies at least one
hour during the year.
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2018), as increases in fixed wing turbine, ro-
torcraft, lighter-than-air and light sport air-
craft (LSA) were offset by decreases in the
fixed wing piston, experimental aircraft and
gliders. Total hours flown were estimated to
be 25.6 million, up 0.2 percent from 2018. In-
creases in fixed wing piston aircraft, ro-
torcraft, LSA, experimental and lighter-than-
air aircraft hours offset declines in fixed wing
turbine aircraft and glider hours.

In 2020, deliveries of the general aviation air-
craft manufactured in the U.S. decreased to
1,552, 12.4 percent lower than in CY 2019.
Deliveries of single-engine piston aircraft
were up 3.2 percent, while the much smaller
segment of multi-engine piston deliveries
were down by 46.6 percent (summing to a
0.1 percent decline in the fixed engine piston
deliveries). Business jet deliveries declined
by 29.8 percent and turboprop deliveries
were down by 17.7 percent, amounting for a
24.5 percent decrease in fixed wing turbine
shipments. While the GAMA statistics for fac-
tory net billings were not available yet for the
U.S. manufactured GA aircraft, global billings
decreased in 2020 by 14.8 percent to $20 bil-
lion, nearly the same level as in 2018.
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General Aviation
U.S. Manufactured Aircraft Shipments and Billings
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GAMA also reported the rotorcraft deliveries 2020 to 208,790 aircraft by 2041 (a small in-
declined at a global level in 2020 in both pis- crease of 0.1 percent annually). When meas-
ton and turbine segments by 20.7 percent ured from pre-COVID-19 levels in 2019, the
and 16.9 percent, respectfully. active GA fleet of 210,981 remains statisti-

cally flat, or experiences an annual decline of

Against these current conditions, we expect 0.05 percent on average.

the GA sector, which was not as severely af-

fected by the pandemic as the airlines, to re- The more expensive and sophisticated tur-
cover sooner to its 2019 levels by aircraft bine-powered fleet (including rotorcraft) is
type than the other sectors. Then, the long- projected to grow by 12,990 aircraft between
term outlook for general aviation, driven by 2020 and 2041 to total 45,530 in 2041, an
turbine aircraft activity, remains stable. The average rate of 1.6 percent a year during this
active general aviation fleet, which showed a period, with the turbojet fleet increasing 2.3
decline of 2.8 percent between 2019 and percent a year. When measured from the
2020, is projected to slightly increase from its 2019 levels, the growth rate for the turbine-
current level, as the increases in the turbine, powered fleet is also 1.6 percent. The
experimental, and light sport fleets remain growth in U.S. GDP and corporate profits are
just above the declines in the fixed-wing pis- catalysts for the growth in the turbine fleet.

ton fleet. The total active general aviation

fleet changes from an estimated 204,980 in The largest segment of the fleet, fixed wing

piston aircraft, is predicted to shrink over the
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forecast period by 23,410 aircraft (an aver-
age annual rate of -0.9 percent — whether it
is measured from the fleet of 141,396 in 2019
or 140,315 in 2020, by the time it reaches to
116,905 in 2041). Unfavorable pilot de-
mographics, overall increasing cost of air-
craft ownership, availability of much lower
cost alternatives for recreational usage, cou-
pled with new aircraft deliveries not keeping

pace with retirements of the aging fleet are
the drivers of the decline.

On the other hand, the smallest category,
light-sport-aircraft (created in 2005), is fore-
cast to grow by 4.5 percent annually, adding
about 3,270 new aircraft by 2041, doubling
its 2019 fleet size of 2,675.

Active General Aviation Aircraft
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Although the total active general aviation
fleet is projected to marginally decline, the
number of general aviation hours flown is
forecast to increase an average of 0.6 per-
cent per year through 2041, from 25.6 million
in 2019 to 29.4 million, as the newer aircraft
fly more hours each year. Fixed wing piston
hours are forecast to decrease by 0.9 per-
cent, the same rate as the fleet decline.
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® Fixed Wing Turbine
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Countering this trend, hours flown by turbine
aircraft (including rotorcraft) are forecast to
increase 2.2 percent yearly between 2019
and 2041. Jet aircraft are expected to ac-
count for most of the increase, with hours
flown increasing at an average annual rate of
3.1 percent over the forecast period. The
large increases in jet hours result mainly from
the increasing size of the business jet fleet.
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General Aviation Hours Flown
(in thousands)
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Rotorcraft activity, which was not as heavily
impacted by the pandemic conditions as
most of the other aircraft categories, faces
the challenges brought by lower oil prices, a
continuing trend. The low oil prices impacted
utilization rates and new aircraft orders both
directly through decreasing activity in oil ex-
ploration, and also through a slowdown in re-
lated economic activity. Their active fleet is
projected to grow at a slower rate than the
previous year’s forecast, more so for the pis-
ton segment, to reach from a total of (piston
and turbine together) 10,198 in 2019 to
13,390 in 2041. Rotorcraft hours are pro-
jected to grow by 1.7 percent annually over
the forecast period.

Lastly, the light sport aircraft category is fore-
casted to see an increase of 4.0 percent a
year in hours flown, primarily driven by
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® Fixed Wing Turbine
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growth in the fleet.

The FAA also conducts a forecast of pilots by
certification categories, using the data com-
piled by the Administration’s Mike Monroney
Aeronautical Center. There were 691,691
active pilots certificated by FAA at the end of
2020. The number of certificates in some pi-
lot categories continued to increase, while
there were different rates of declines in the
rotorcraft only, ATP, private, and recreational
certificates. The FAA has suspended the stu-
dent pilot forecast for the forth-consecutive
year. The number of student pilot certificates
has been affected by a regulatory change
that went into effect in April 2016 and re-
moved the expiration date on the new stu-
dent pilot certificates. The number of student
pilots jumped from 128,501 at the end of
2016 to 149,121 by the end of 2017, and to
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222,629 at the end of 2020. The 2016 rule
change generates a cumulative increase in
the certificate numbers and breaks the link
between student pilot and advanced certifi-
cate levels of private pilot or higher. There is
no sufficient data yet to perform a reliable
forecast for the student pilots.

Commercial and air transport pilot (ATP) cer-
tificates have been impacted by a legislative
change as well. The Airline Safety and Fed-
eral Aviation Administration Extension Act of
2010 mandated that all part 121 (scheduled
airline) flight crew members would hold an
ATP certificate by August 2013. Airline pilots
holding a commercial pilot certificate and
mostly serving at Second in Command posi-
tions at the regional airlines could no longer
operate with only a commercial pilot certifi-
cate after that date, and the FAA data initially
showed a faster decline in commercial pilot
numbers, accompanied by a higher rate of
increase in ATP certificates. The number of
both commercial pilot and ATP certificates
had increased until 2012 for three years.
Commercial pilot certificate holders contin-
ued to increase in 2020 to 103,879. Signifi-
cantly reduced number of flights and a large
number of parked aircraft due to the pan-
demic generated an overcapacity for the
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ATPs employed by the airlines, despite gov-
ernment support to the aviation sector. Con-
sequently, the number of pilots holding an
ATP certificate slightly declined in 2020 for
the first time since 2011 to 164,193 (still
higher than the 2018 level).

Private pilots experienced a slight decrease
in 2020 as well, from 161,105 in 2019 to
160,860. Sport pilot certificates, created in
2005, kept their steady increase since their
inception to reach 6,643 by December 31,
2020. Rotorcraft pilots continued their de-
cline since 2016 to end up with 13,629 by the
end of 2020.

The number of active general aviation pilots
(excluding students and ATPSs) is projected
to decrease about 2,650 (down 0.04 percent
yearly) between 2020 and 2041. The ATP
category is forecast to increase by 27,400
(up 0.7 percent annually). The much smaller
category of sport pilots are predicted to in-
crease by 2.7 percent annually over the fore-
cast period. On the other hand, both private
and commercial pilot certificates are pro-
jected to decrease at an average annual rate
of 0.42 and 0.06 percent, respectively until
2041.
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FAA Operations

The traffic at FAA facilities underwent drastic
changes from 2019 to 2020 due to COVID-
19. Activities declined about 17 percent from
53.3 million in 2019 to 44.4 million in 2020.
The recovery from the pandemic will drive
the near term growth. Consequently, ele-
vated growth is predicted to last until around
2025 and 2026. After the predicted opera-
tions reach the pre-pandemic level, the
longer term economic health along with the
growth in air travel demand and the business
aviation fleet will drive the long term growth
in operations at FAA facilities over the rest of
the forecast period. The forecast annual
growth rates during the period of 2021 to
2041 will be significantly greater than what
was predicted last year as a result of robust
growth in the near term from the pent-up de-
mand. Activity at FAA and contract towers is
forecast to increase at an average rate of 1.9
percent a year through 2041 from 44.4 mil-
lion in 2021 to close to 64.2 million in 2041.
Commercial operations® at these facilities

6 Sum of air carrier and commuter/air taxi cate-
gories.

7 Alarge hub is defined to have 1 percent or more
of total U.S. revenue passenger enplanements in
FY 2019. A medium hub is defined to have at
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are forecast to increase 3.4 percent a year,
approximately five times faster than non-
commercial operations. The growth in com-
mercial operations is less than the growth in
U.S. airline passengers (3.4 percent versus
5.6 percent) over the forecast period due pri-
marily to larger aircraft (seats per aircraft
mile) and higher load factors. Both of these
trends allow U.S. airlines to accommodate
more passengers without increasing the
number of flights. General aviation opera-
tions (which accounted for 56 percent of op-
erations in 2020) are forecast to increase an
average of 0.75 percent a year as increases
in turbine powered activity more than offset
declines in piston activity.

The growth in operations at towered airports
is not uniform. Most of the activity at large
and medium hubs’ is commercial in nature,
given that these are the airports where most
of the passengers, about 88 percent in 2020,
in the system fly to.

least 0.25 percent but less than 1 percent of total
U.S. revenue passenger enplanements. In the
2020 TAF there were 30 large hub airports and
32 medium hub airports.
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FAA & Contract Tower Operations

70,000

60,000

a1
o
o
S
S

Operations (000)

2011

m Commercial

Given the growth in airline demand and most
of that demand is at large and medium hubs,
activity at the large and medium hubs is fore-
cast to grow substantially faster than small
towered airports including small FAA towers®
and FAA contract towers®. The forecasted
annual growth is 3.9 percent at large hubs, 3
percent at medium hubs, 1 percent at small
FAA towers, and 0.8 percent at FAA contract
towers between 2021 and 2041.

Among the 30 large hubs, the airports with
the fastest annual growth forecast are those
located along the coastal sections of the
country where most large cities are located.

8 Small FAA towers are defined as towered air-
ports that are neither large or medium hubs nor
FAA contract towers.

9 FAA contract towers are air traffic control towers
providing air traffic control services under con-
tract with FAA, staffed by contracted air traffic
control specialists.

2021

2031 2041

Fiscal Year
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m Non Commercial

Large cities have historically shown to gen-
erate robust economic activity, which in turn
drives up the airline demand. On the other
hand, the airports forecast to have slower an-
nual growth tend to be located in the middle
of the country.

FAA Tracon (Terminal Radar Approach Con-
trol) Operations® are forecast to grow
slightly faster than at towered facilities. This
is in part a reflection of the different mix of
activity at Tracons. Tracon operations are
forecast to increase an average of 2.5 per-
cent a year between 2021 and 2041. Com-
mercial operations accounted for approxi-
mately 54 percent of Tracon operations in

10 Tracon operations consist of itinerant Instru-
ment Flight Rules (IFR) and Visual Flight Rules
(VFR) arrivals and departures at all airports in the
domain of the Tracon as well as IFR and VFR
overflights.
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2020 and are projected to grow 3.4 percent
a year over the forecast period. General avi-
ation activity at these facilities is projected to
grow only 0.96 percent a year over the fore-
cast.

The number of IFR aircraft handled is the
measure of FAA En-Route Center activity.
Growth in airline traffic and business aviation
is expected to lead to increases in activity at
En-Route centers. Over the forecast period,
aircraft handled at En-Route centers are
forecast to increase at an average rate of 3.4

11 Much of the general aviation activity at tow-
ered airports, which is growing more slowly, is
local in nature, and does not impact the centers.
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percent a year from 2021 to 2041, with com-
mercial activity growing at the rate of 4 per-
cent annually. Activity at En-Route centers
is forecast to grow faster than activity at tow-
ered airports and FAA Tracons because
more of the activity at En-Route centers is
from the faster growing commercial sector
and high-end (mainly turbine) general avia-
tion flying.'* In 2020, the share of commer-
cial IFR aircraft handled at FAA En-Route
centers is about 80 percent, which is greater
than the 54 percent share at Tracons or the
39 percent share at FAA and Contract Tow-
ers.
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U.S. Commercial Aircraft Fleet

After shrinking by 22.9% in 2020 (1,746 air-
craft), the number of aircraft in the U.S. com-
mercial fleet is forecast to increase from
5,882 in 2020 to 8,756 in 2041, an average
annual growth rate of 2 percent a year. In-
creased demand for air travel and growth in
air cargo is expected to fuel increases in both
the passenger and cargo fleets.

Between 2020 and 2041 the number of jets
in the U.S. mainline carrier fleet is forecast to
grow from 3,181 to 5,101, a net average of
30 aircraft a year as carriers continue to re-
move older, less fuel efficient narrow body
aircraft. The narrow-body fleet (including E-
series aircraft as well as A220-series at Jet-
Blue and A220-series at Delta) is projected
to grow 73 aircraft a year as carriers replace
the 757 fleet and current technology 737 and
A320 family aircraft with the next generation
MAX and Neo families. The wide-body fleet
grows by an average of 20 aircraft a year as
carriers add 777-8/9, 787's, A350’s to the
fleet while retiring 767-300 and 777-200 air-
craft. In total the U.S. passenger carrier
wide-body fleet increases by 1.1 percent a
year over the forecast period.
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The regional carrier fleet is forecast to in-
crease slightly from 1,853 aircraft in 2020 to
1,944 in 2041 as the fleet expands by 0.2
percent a year (4 aircraft) between 2020 and
2041. Carriers remove 50 seat regional jets
and retire older small turboprop and piston
aircraft, while adding 70-90 seat jets, espe-
cially the E-2 family after 2021. By 2031 only
a handful of 50 seat regional jets remain in
the fleet. By 2041, the number of jets in the
regional carrier fleet totals 1,838, up from
1,434 in 2020. The turboprop/piston fleet is
forecast to shrink by 75% from 419 in 2020
to 106 by 2041. These aircraft account for
just 5.5 percent of the fleet in 2041, down
from 22.6 percent in 2020.

The cargo carrier large jet aircraft fleet is
forecast to increase from 848 aircraft in 2020
to 1,711 aircraft in 2041 driven by the growth
in freight RTMs. The narrow-body cargo jet
fleet is projected to increase by 15 aircraft a
year as 737-800/900MAX’s are converted
from passenger use to cargo service. The
wide body cargo fleet is forecast to increase
26 aircraft a year as new 777-8/10 and con-
verted 767-300 aircraft are added to the fleet,
replacing older MD-11, A300/310, and 767-
200 freighters.
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Commercial Space

The FAA's Office of Commercial Space
Transportation (AST) licenses and regulates
U.S. commercial space launch activities in-
cluding launch and reentry of vehicles and
operation of non-federal launch and reentry
sites authorized by Executive Order 12465
and Title 51 U.S. Code, Subtitle V, Chapter
509 (formerly the Commercial Space Launch
Act). Title 51 and the Executive Order also
direct the U.S. Department of Transportation
to encourage, facilitate, and promote U.S.
commercial launches. The FAA’s mission is
to license and regulate commercial launch
and reentry operations and non-federal
launch sites to protect public health and
safety, the safety of property, and the na-
tional security and foreign policy interests of
the United States.

The FAA licenses launches or reentries car-
ried out by U.S. persons (which includes U.S.
corporations) inside or outside the United
States. The FAA does not license launches
or reentries the U.S. Government carries out
for the Government (such as those owned
and operated by National Aeronautics and
Space Administration (NASA) or the Depart-
ment of Defense). Amateur-class rockets do
not require a FAA license or permit*2,

To accomplish its mission, the FAA performs
the following major functions:

e Maintains an effective regulatory
framework for commercial space
transportation activities,

12 per 14 CFR Chapter 1, Part 1, section 1.1: Am-
ateur rocket means an unmanned rocket that is
propelled by a motor or motors having a com-
bined total impulse of 889,600 Newton-seconds

e Provides guidance to prospective
commercial operators on how to com-
ply with regulatory requirements for
obtaining an authorization and oper-
ating safely,

e Evaluates applications for licenses,
experimental permits, and safety ap-
provals for launch and reentry opera-
tions and related commercial space
transportation activities,

e Evaluates applications for licenses
for launch and reentry site opera-
tions,

e Monitors and enforces regulatory
compliance through safety inspec-
tions of launches, reentries, sites,
and other regulated commercial
space activities,

e Provides U.S. Government oversight
of investigations associated with the
mishap of an FAA authorized launch
or reentry,

e Facilitates the integration of commer-
cial space launch and reentry opera-
tions into other modes of transporta-
tion including the National Airspace
System (NAS) by establishing appro-
priate hazard areas and limits to en-
sure the protection of the public,

e Coordinates research into the safety,
environmental, and operational impli-
cations of new technologies and the
evolving commercial space transpor-
tation industry,

(200,000 pound-seconds) or less; and cannot
reach an altitude greater than 150 kilometers
above the earth’s surface.
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e Conducts outreach to the commercial
space industry by hosting working
groups and conferences,

e Collaborates with Government part-
ners, such as the Department of De-
fense and NASA to assure consistent
approaches to regulations, policy,
and standards, and

e Conducts outreach to international
counterparts to promote the U.S. reg-
ulatory framework across the world.

In addition to AST headquarters offices in
Washington, D.C., AST maintains staff with
assigned duty locations near active launch
ranges to facilitate communication with

Regulatory Safety Oversight Activities of FAA

The business cycle from the time a firm first
contacts FAA until the last launch of a li-
censed operation can be several years.
There are many activities performed by FAA
during this cycle. The most notable activities
are described here.

Pre-Application Consultation for Licenses,
Experimental Permits, and Safety Element
Approvals

Prospective applicants seeking commercial
space transportation licenses, experimental
permits, or safety approvals are required by
regulation to consult with FAA before sub-
mitting their applications. During this pe-
riod, FAA assists them in identifying potential
obstacles to authorization issuance and de-
termining potential approaches to regulatory
compliance. In addition, many new opera-
tors are seeking to incorporate new technol-
ogies, vehicle types, or operational models
creating opportunities for FAA to assist in de-
termining the applicable regulations or ap-
proach to regulatory compliance.
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space launch operators and to implement
FAA’s regulatory responsibilities more effi-
ciently. AST personnel are currently as-
signed to duty locations in close proximity to:
Kennedy Space Center and Cape Canaveral
Space Force Station in Florida; Johnson
Space Center in Texas; and, Vandenberg Air
Force Base and the Mojave Air and Space
Port in California. FAA also directly supports
NASA’'s commercial space initiatives by
providing on-site staff at both the Johnson
Space Center and Kennedy Space Center to
coordinate the FAA's regulatory and compli-
ance activities with NASA’s development
and operational requirements for commer-
cial space.

Licenses, Permits, and Safety Element Ap-
provals

FAA authorizes commercial space transpor-
tation activities via the issuance of licenses,
permits, and safety element approval.
Though many licenses authorize multiple
launches (for mature launch systems), the
need remains for FAA to also issue individual
launch licenses for systems that are still ma-
turing towards a high level of reliability. Fur-
thermore, with the dynamic commercial
space industry, FAA often evaluates launch
and reentry systems and operations that are
evolving and changing, which may ultimately
require license modifications or issuance of
new licenses.

Inherent in the review process is the require-
ment to conduct policy reviews and payload
reviews. When conducting a policy review,
FAA determines whether the proposed
launch, reentry, or site operation presents
any issues that would jeopardize public
health and safety or the safety of property,
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adversely affect U.S. national security or for-
eign policy interests, or be inconsistent with
international obligations of the United States.
If not otherwise exempt from review, FAA re-
views a payload proposed for launch or
reentry to determine whether the payload
would jeopardize public health and safety,
the safety of property, U.S. national security
or foreign policy interests, or the international
obligations of the United States. The policy
and/or payload determination becomes part
of the licensing record on which FAA's licens-
ing determination is based.

FAA reviews and issues launch and reentry
site operator licenses and license renewals.
FAA also reviews and evaluates launch site
license applications for launch sites located
in foreign countries but operating with U.S.-
licensed launch or reentry systems. FAA co-
ordinates range planning among Federal,
state, and local governments and with the
commercial range operators or users. As
part of the evaluation of applications for
launch licenses, reentry licenses, and site
operator licenses, FAA also conducts envi-
ronmental reviews consistent with its respon-
sibilities under the National Environmental
Poalicy Act.

FAA anticipates issuing a growing number of
safety element approvals for space launch
systems equipment, processes, technicians,
training and other supporting activities. FAA
reviews, evaluates, and issues safety approv-
als to support the continued introduction of
new safety systems, safety operations appli-
cations, and safety approval renewal appli-
cations.

Safety Analyses

FAA conducts flight safety, system safety,
maximum probable loss, and explosive
safety analyses to support the evaluation and
issuance of licenses and permits. FAA also
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evaluates and analyzes the performance of
safety-critical space flight personnel to deter-
mine how they affect public safety risk. Inthe
near future, as commercial firms become
more involved with human space flight ac-
tivity, AST and the FAA’s Office of Aero-
space Medicine may evaluate, analyze, and
determine the health risks to the space flight
participants (crew and space flight partici-
pants) due to natural and flight-induced
launch and reentry environments, as well as
any hazardous ground operations directly as-
sociated with the flight.

Inspections and Enforcement

FAA currently conducts as many as 330 pre-
flight/ reentry, flight/ reentry, and post-flight/
reentry safety inspections per year. Inspec-
tions often occur simultaneously at any of the
12 licensed U.S. and international commer-
cial space launch sites, as well as at 4 Fed-
eral launch ranges and 3 exclusive-use
launch sites. The establishment of non-fed-
eral launch sites requires additional inspec-
tions in areas such as ground safety that
have traditionally been overseen by the U.S.
Air Force (now the U.S. Space Force) at Fed-
eral ranges. At spaceports and launch sites
with high launch rates (e.g., Cape Canaveral
Space Force Station, Vandenberg Air Force
Base, the Mid-Atlantic Regional Spaceport,
and Spaceport America), at least 80 percent
of inspections are typically conducted by lo-
cally-based field inspectors. Additionally, as
a result of the COVID-19 pandemic, many in-
spections in fiscal year (FY) 2020 were han-
dled remotely. FAA will leverage this ap-
proach in the upcoming years in order to re-
spond to a dynamic operational tempo, mini-
mize cost, and increase efficiency.

Mishap Investigations

Mishap events have demonstrated that FAA
needs to have the capacity to oversee the in-
vestigation of at least two space launch or
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reentry mishaps or accidents simultaneously
anywhere in the world, and to lead/oversee
as many as nine investigations during a sin-
gle year. FAA anticipates an increase in mis-
haps with new operators coming online. FAA
should have the capabilities and resources to
efficiently review all applicant mishap plans
and accident investigation procedures as
part of the license and permit evaluation pro-
cess.

NAS Integration

AST works in partnership with all FAA lines-
of-business, notably the Air Traffic Organiza-
tion (ATO) and Office of Airports (ARP) to
support the safe and efficient integration of

FAA’s Launch and Reentry Operations Forecast

To improve its workforce planning process,
in 2014, FAA adopted an approach to esti-
mate its future staffing needs based on the
ratio of regulatory safety oversight staff to a
forecast of launch and reentry operations
within the purview of the FAA mission. Alt-
hough it was a modest improvement, this
change set the groundwork for FAA to imple-
ment a more objective and transparent pro-
cess for projecting staffing requirements and
also necessitated development of credible op-
erations forecasts. Since 2014, FAA has
made several important improvements to its
operations forecast:

e In 2015, FAA began using planned
launch and reentry data collected
from operators and prospective appli-
cants as the starting point for its
launch and reentry forecasts. This
change enabled FAA to simplify and
improve its forecasting methodology
by tying launch and reentry forecasts
directly to anticipated operations by
commercial space transportation firms
known to FAA, rather than to aggre-
gate industry demand.
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commercial launch and reentry operations
through the NAS and its system of airports
and air traffic managed by the ATO. AST ex-
pects an increased level of interaction with
the ATO, ARP, and the FAA Office of
NextGen (ANG). Further, AST works with
the ATO as FAA develops technologies to
facilitate safe and efficient integration of com-
mercial launch and reentry operations into
the NAS, including technologies to improve
the integration of launch and reentry data into
FAA air traffic control systems and technolo-
gies to improve the timely and accurate de-
velopment and distribution of notices of air-
craft hazard areas.

e Because commercial spaceflight is a
highly dynamic and rapidly evolving
industry, it was quickly determined
that operator-provided data alone
were not sufficient to reliably predict
future activity. Consequently, a pri-
mary pillar of FAA’s forecasting
methodology is to take a conserva-
tive view of industry growth in the
near term. Therefore, in 2016, FAA
began refining its forecasting method-
ology by using observations about
historical launch activity to establish
better forecasting parameters for
both new applicants and existing op-
erators.

There are several factors that magnify the
challenges associated with predicting the
number of launches and reentries to expect
in a given year. They include:

e list of firms intending to launch or ac-
tually launch is dynamic,

e continued development of new tech-
nologies,

e launch rates for reusable launch vehi-
cles,
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e commercial human spaceflight by
both government astronauts and pri-
vate citizens,

e dynamic nature of flight test pro-
grams, and

e mishaps.

For example, the number of firms actively
communicating with FAA increased from 14
in 2014 to 68 in 2020, an increase of more
than 380 percent. New technologies [e.g., re-
usable launch vehicles (RLVs)] allow a faster
operational tempo, and at the same time,
early use of these technologies can increase

Fiscal Year Industry Forecast

Historical
2015 37
2016 32
2017 78
2018 87
2019 89
2020 96

Forecast
2021 105
2022 137
2023 167
2024 209
2025 266

Notes:

the probability of a mishap. A mishap can
drastically impact launch plans for one or
more firms. Investigations and subsequent
“return to flight” for firms impacted by a mis-
hap can take months. It is also important to
note that the FY2021 number is best de-
scribed not as a forecast but rather a mid-
year correction on previous forecast num-
bers, considering this forecast is published
six months into FY2021.

Taking these factors into account, the follow-
ing table and graph provide industry’s and
FAA's forecast through 2025, as well as his-
torical activity.

FAA Forecast Actual
22-25 14
25-29 17
17 - 26 22
27 - 38 35
33-44 32
34 - 46 33
36-44
37-55
39-53
39-59
45 - 66

1. FAA Forecast entries represent the Low to High estimate.

2. Industry Forecast for 2015 follows COMSTAC methodology from
2014. Industry forecasts for all other years follow the same methdology:
FAA-authorized launch and reentry operators provide to FAA the number
of FAA-authorized operations (launches, reentries, orbital and suborbital)
that industry expects to occur per fiscal year.
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Number of FAA Licensed and Permitted Operations by
Fiscal Year, World-wide
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It is important to note all FAA-authorized
commercial space operations are included in
this forecast, regardless of where they oc-
curred in the world. That is, not all launch
and reentry activity occurs at one location, for
example, at Cape Canaveral, Florida. In the
past year, FAA licensed launches and reen-
tries throughout the NAS and beyond, includ-

ing multiple reentries in the Pacific and Atlan-
tic Ocean and six licensed launches from
New Zealand. This forecast, however, does
not include launch activity not authorized by
the FAA (e.g. U.S. Department of Defense or
non-commercial NASA launches), launch ac-
tivity for other nations, and this forecast is not
tied exclusively to satellite demand.

Additional Factors Affecting Forecast Accuracy

Commercial space transportation is a rapidly
evolving industry. The industry’s growth
through technological innovation and the de-
velopment of new markets increases the
challenges associated with forecasting com-
mercial space transportation operations.
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New Commercial Launch Technologies and
Operations are Emerging on an Accelerated
Basis

The commercial space transportation indus-
try is exploring a variety of new technologies
and new approaches to space launch and
reentry. In late 2015, both Blue Origin and
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Space Exploration Technologies Corp.
(SpaceX) successfully demonstrated the re-
usability of their vertically launched rockets.
Both companies are now developing a new
generation of much larger orbital vehicles
that will launch and land in a vertical config-
uration. In 2020, Rocket Lab successfully re-
covered a flown booster, and announced
plans to re-fly it in 2021. While these new
orbital-class vehicles are unlikely to lead to a
significant increase in the number of annual
launch and reentry operations over the next
three years, they may cause a greater in-
crease further in the future, as the upper end
of the forecast shows in fiscal years 2024
and 2025. Other U.S. commercial entities
are also pursuing the development of reusa-
ble launch vehicles (RLVS). At the same
time, state and local governments are joining
with commercial firms to promote additional
launch and reentry sites, and some firms are
seeking to establish launch sites for their ex-
clusive use. This added launch capacity sets
the stage for simultaneous operations and an
increase in the number operations per year.

New Markets for Commercial Space Trans-
portation are Emerging

The continuing development of commercial
space transportation technology has spurred
new markets for commercial space transpor-
tation services. As private industry continues
to develop and test new vehicles capable of
taking space flight participants and govern-
ment astronauts on suborbital and orbital
flights, companies and organizations are pro-
posing to offer human space flight training
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and several organizations have already be-
gun to provide this service. States and mu-
nicipalities have sought to open new space-
ports to attract commercial space transporta-
tion and associated high-tech firms and cre-
ate technology hubs for research and devel-
opment. Since 2008, NASA has managed
the Commercial Resupply Services (CRS)
program, which acquires transportation ser-
vices from commercial providers to deliver
cargo to and from the International Space
Station (ISS). In 2020, SpaceX successfully
transported NASA astronauts to the Interna-
tional Space Station under the auspices of
a Commercial Crew Transportation Capabil-
ities contract — the first time humans have
traveled to orbit under an FAA-license.
Boeing is expected to do the same for NASA
in 2021. The commercial vehicles used by
NASA for cargo and crew transportation will
have other commercial applications that in-
crease the capabilities of the commercial
space transportation industry as a whole.

Looking further afield, there are several com-
panies in the regulatory pipeline seeking au-
thority to land commercial vehicles on the
Moon, establish private-sector space sta-
tions, service satellites on-orbit, and estab-
lish launch sites using non-traditional tech-
nologies like railguns and tube launchers.
Additional FAA resources may be needed to
determine how these unprecedented com-
mercial space ventures will impact public
safety and U.S. national interests.
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Unmanned Aircraft Systems

Unmanned aircraft systems (UAS) have
been experiencing healthy growth in the
United States and around the world over the
past few years. Last year has been no ex-
ception despite the profound impact of
COVID-19 on the overall economy. A UAS
consists of an unmanned aircraft and its as-
sociated elements—including the aircraft,
the control station, and the associated com-
munication links—that are required for safe
and efficient operation in the national air-
space system (NAS). While introduction of
UAS in the NAS has opened up numerous
possibilities, commercial in particular, it has
brought operational challenges including
safe integration into the NAS. Despite these
challenges, the UAS sector holds enormous
promise; potential uses include modelers fly-
ing for recreational purposes to delivering
packages on a commercial basis; including

the delivery of medical supplies; and provi-
sion of support for search and rescue mis-
sions following natural disasters and other
public service uses.

This section provides a broad overview cov-
ering recreational and commercial (or Part
107) unmanned aircraft’® and their recent
trends as gathered from trends in registra-
tion, surveys, overall market, and operational
information. Using these trends and insights
from industry, the FAA has produced a hum-
ber of forecasts. Forecasts reported in the
following sections are driven primarily by the
trends in registrations, assumptions of the
continuing evolution of the regulatory envi-
ronment, the commercial ingenuity of manu-
facturers and operators, persistent recrea-
tional uses, and underlying demand for UAS
services.

Trends in Recreational/Model Aircraft and Forecast

FAA'’s online registration system for recrea-
tional/model sUAS went into effect on Dec.
21, 2015. This required all UAS weighing
more than 0.55 pounds (or 250 grams) and
fewer than 55 pounds (or 25 kilograms) to be
registered using the on-line system
(https://www.faa.gov/uas/get-

ting _started/registration/) or the existing (pa-
per-driven) aircraft registry. Registration was

13 These are also called, interchangeably, hobby
and non-hobby UAS, respectively. On October 5,
2018, the President signed the FAA Reauthoriza-
tion Act of 2018 (Pub. L. 115-254). Section 349 of
that Act repealed the Special Rule for Model Air-
craft (section 336 of Pub. L. 112-95; Feb. 14,
2012) and replaced it with new conditions to op-
erate recreational SUAS without requirements for
FAA certification or operating authority. The Ex-
ception for Limited Recreational Operations of
Unmanned Aircraft established by section 349 is
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free for the first 30 days, and $5 thereafter.
Following a temporary halt in registration due
to an order from the US Appeals Court in
Washington, D.C. in May, 2017 (i.e., Taylor
v. Huerta), the registration requirement for all
model aircraft was reinstated in December,
2017 with the National Defense Authoriza-
tion Act (NDAA) [Pub. L. 115-91, Sec. 1092].
NDAA extended the registration for three

codified at 49 U.S.C. 44809 [see https://www.fed-
eralregister.gov/documents/2019/05/17/2019-
10169/exception-for-limited-recreational-opera-
tions-of-unmanned-aircraft for more details]. Rec-
reational fliers, under Section 349, are referred to
as “recreational fliers or modeler community-
based organizations”
[seehttps://www.faa.gov/uas/recreational_fliers/].
In previous notes including other documents of
the Agency, these terms are often interchanged.



https://www.faa.gov/uas/getting_started/registration/
https://www.faa.gov/uas/getting_started/registration/
https://www.federalregister.gov/documents/2019/05/17/2019-10169/exception-for-limited-recreational-operations-of-unmanned-aircraft
https://www.federalregister.gov/documents/2019/05/17/2019-10169/exception-for-limited-recreational-operations-of-unmanned-aircraft
https://www.federalregister.gov/documents/2019/05/17/2019-10169/exception-for-limited-recreational-operations-of-unmanned-aircraft
https://www.federalregister.gov/documents/2019/05/17/2019-10169/exception-for-limited-recreational-operations-of-unmanned-aircraft
https://www.faa.gov/uas/recreational_fliers/
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years for those registered prior to December,
2017. Registration pace continued after the
temporary halt was removed. On October 5,
2018, the President signed the FAA Reau-
thorization Act of 2018 that formalized new
conditions for recreational use of drones
[See https://www.faa.gov/news/up-
dates/?news|d=91844 for more details].

With the continuing registration, almost 1.14
million recreational UAS owners had already
registered with the FAA by end of November,
2020.* On average, owner registration
stood at around 12,400 per month during
January-December, 2020 with some ex-
pected peaks during the holiday seasons
and summer.

Model/Recreation Registrations by Quarters/Year (Cumulative)
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The current pace of registration has in-
creased compared to last year in the same
period; average monthly owner registration
during 2020 stood 3,000 more than the level
observed in 2019.

14 For our estimate and projections using the reg-
istration database, applying to recreational, com-
mercial (Part 107) and remote pilots, we use only
those who are registered in the U.S. and the ter-
ritories. Furthermore, we use those registrants
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Recreational registration, and thus owner-
ship of sSUAS, is distributed throughout the
country. Using the data available in Decem-
ber 2020, a spatial distribution of ownership
by zip code below demonstrates that SUAS
continue to be distributed throughout the
country with denser ownership mapping

who are “active;” i.e., those whose registrations
have been canceled or withdrawn are not part of
the data we report in this document. Finally, using
the trends for the prior months in 2020 and years
before, we extrapolate it to December, 2020 for
completion of annual data.


https://www.faa.gov/news/updates/?newsId=91844
https://www.faa.gov/news/updates/?newsId=91844

FAA Aerospace Forecast Fiscal Years 2021-2041

closely against the population centers of the
country, as expected.
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At present, recreational ownership registra-
tion does not correspond one-to-one with air-
craft. Unlike their commercial non-model
counterparts, the registration rules for recre-
ational operators do not require owners of
recreational SUAS to register each individual
aircraft; only operators are registered. For
each registration, therefore, one or more air-
craft are possibly owned. In some instances,
there is no equipment associated with regis-
tration. Free registration at the initial phase
may have incentivized some to create regis-
tration without any equipment to report. Not-
withstanding these challenges, there is infor-
mation available, both from industry and ac-
ademia, allowing us to understand aircraft
ownership. Furthermore, under the sponsor-
ship of the UAS Integration Research Plan,

15 This calculation involves taking into account re-
tirement, redundancy, and loss of aircraft corre-
sponding to ownership registration. As aircraft be-
come sturdier and operators situationally aware,
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the Agency has launched various research
activities to understand the possible magni-
tude of the sector as well as implications on
likely aircraft that may be used for recrea-
tional flying and safety implications of the
SUAS fleet from gradual integration into the
NAS. Finally, the Agency has incorporated
outside analysis to aid forecasting efforts.

With around 1.14 recreational operators reg-
istered as of December, 2020, we estimate
that there are around 1.44 million fleet dis-
tinctly identified as recreational aircraft.
Comparing with industry sales and other
data noted above, we conclude that the num-
ber of recreational aircraft is almost 30%
higher than ownership registration.*®

we expect this rate to change dynamically over
time. Assumptions tying ownership to aircraft
holding and issues related to compliance have
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A comparison of last year’s data (2019) with
this year’s (2020) shows the annual growth
rate to be approximately 8.5%. This was pos-
sible due to continuation of drones playing
dominant roles in recreation that is facilitated
by decreasing equipment prices (e.g., aver-
age price around $750 or less), improved
technology such as built-in cameras and
higher capability sensors, and relatively easy
maneuvering. Furthermore, it appears that
COVID-19 had a positive impact on recrea-
tional registration (see below for more de-
tails). Nevertheless, similar to all technolo-
gies fueling growth of hobby items (e.g., cell
phone and video game consoles; and prior to
that, video cameras and video players), the
trend in recreational SUAS has been slowing.
It is likely to slow down further as the pace of
falling prices diminishes and the early
adopters begin to experience limits in their
experiments, or recreational eagerness plat-
eaus.

Given the trend in registration and market de-
velopments, we forecast that the recreational

SUAS market will saturate at around 1.55 mil-
lion units. However, there is still some upside
uncertainty due to further changes in tech-
nology including battery, faster integration
from a regulatory standpoint, and the likely
event of continued decreasing prices. This
leads to upside possibilities in the forecast.
In contrast, there is relatively less low-side
uncertainty. Low-side uncertainty tracks
closer to the base forecast. We provide a
forecast base (i.e., likely) with high and low
scenarios, provided in the table below.

Last year, we forecasted that the recreational
SUAS sector would have around 1.38 million
SUAS in 2020, a growth rate exceeding 4.5%
from the year before (2019). Actual data
overshot the projection by a little over 53,000
with over 1.44 million aircraft already ac-
counted for by the end of 2020. Thus, our
forecast of recreational SUAS last year un-
dershot by 3.7% for 2020; or 1.4365 million
actual aircraft vs 1.3833 million aircraft that
we projected last year.

Total Recreation/Model Fleet (Million sUAS Units)

Fiscal Year Low
Historical
2020 1.4365
Forecast
2021 1.4544
2022 1.4668
2023 1.4708
2024 1.4719
2025 1.4724

been discussed elsewhere [see https://www.na-
pawash.org/studies/academystudies/federal-avi-
ation-administration-assessment-of-compliance
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Base High
1.4365 1.4365
1.5022 1.5417
1.5303 1.5935
1.5415 1.6157
1.5455 1.6237
1.5510 1.6347

with-and-effective for a recent study by the Na-
tional Academy of Public Administration on these
issues].
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The FAA uses the trend observed in registra-
tions, particularly over the past year; expert
opinions distilled from TRB annual work-
shops; review of available industry forecasts;
market/industry research; and a time-series
model on registration trends fitted on monthly
data. Using these, we forecast that the rec-
reational SUAS fleet will likely (i.e., base sce-
nario) attain its peak over the next 5 years,
from the present 1.44 million units to around
1.55 million units by 2025. The high scenario
may reach as high as 1.63 million units with
low-side scenario yielding around 1.47 mil-
lion units over the next 5 years. Notice that

eventual saturation at somewhat higher lev-
els, in comparison to last year’s projections,
reflects relatively higher registration by rec-
reational flyers observed during 2020. This
increased registration trend, in part driven by
COVID-19, may or may not continue in the
longer run*®. Nevertheless, the growth rates
underlying these numbers are fairly steady in
the initial years, but fade faster in the last 2-
3 years. The gradual saturation that is pro-
jected in 5 years and beyond in the recrea-
tional sSUAS fleet parallels other consumer
technology products and the Agency’s pro-
jections from last year.

Trends in Commercial/Non-Model Aircraft and Forecast

Online registration for commercial/non-
model SUAS went into effect on April 1, 2016.
Unlike recreational/model ownership, rules
for commercial registration require owners to
register each sUAS, thus creating a one-to-
one correspondence between registration
and aircraft. During the period of January —
December, 2020, more than 94,000 com-
mercial operators registered their equipment.
The pace of monthly registration, slightly
above 7,800, is still relatively high but lower
than the same period in 2019 (around

18|t is quite likely that many people are buying and
experimenting with recreational sUAS given the
COVID-19 public health emergency and a sub-
stantial portion of the workforce is presently work-
ing from home. This may or may not continue
once regular work patterns are resumed.
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10,000). It appears that the pace of registra-
tion is slowing down in comparison to 2019
and comparable historically (i.e., April 2016
— November 2019 roughly 8,500 per month).
While the pace of recreational registration
ownership has increased somewhat, particu-
larly last year, the pace of registration re-
mains somewhat dampened for their com-
mercial counterparts. By the end of 2020,
there were more than 488,000 commercial
UAS registered since the registration
opened.

17 As noted in fn. #2, using actual registrations un-
til November, 2020, trends for the prior months in
2020 and years before, we extrapolate it to De-
cember, 2020 for completion of yearly data.
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Non-Model Registrations of SUAS Aircraft by
Quarters/Year (Cumulative)
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For each month the registration has been
available, over 4,600 aircraft/month were
registered until December, 2017. This pace
accelerated to 14,600 registered per month
during 2018. During 2019, average monthly
registration stood at around 10,100. In the
past year of 2020, average monthly registra-
tion dropped to 7,850. Despite this slow-
down, the commercial SUAS sector is dy-
namic and appears to be at an inflexion point
demonstrating powerful stages of growth.
Unlike the recreational SUAS sector, the FAA
anticipates that the growth rate in this sector
will remain high over the next few years. This
is primarily driven by the regulatory clarity
that Part 107 has, and continues to provide,
to the industry. In particular, the Operation
Over People final rule, published on Decem-
ber 28, 2020, is the latest incremental step
towards further integration of sUAS into the
NAS. This final rule allows routine operations
over people and routine operations at night
under certain circumstances and eliminates
the need for individual Part 107 waivers
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2019:Q1 2019:Q4 2020:Q3

[seehttps://www.faa.gov/news/media/attach-
ments/OOP _Executive_Summary.pdf for
more details].

The Remote ID rule was announced on De-
cember 28, 2020
[seehttps://www.faa.gov/news/media/attach-
ments/RemotelD Final Rule.pdf] as well.
Remote ID (i.e., digital license-plate) of un-
manned aircraft is necessary to ensure pub-
lic safety and efficiency of the airspace of the
United States. The rule applies to all opera-
tors of drones that require FAA registration
(i.e., both recreational and Part 107). Re-
mote ID provides airspace awareness to the
FAA, national security agencies, law en-
forcement entities, and other government of-
ficials. Under the present rule guidance, un-
manned aircraft in flight is to provide, via
broadcast, certain identification, location,
and performance information that interested
parties on the ground and other airspace us-
ers can receive.



https://www.faa.gov/news/media/attachments/OOP_Executive_Summary.pdf
https://www.faa.gov/news/media/attachments/OOP_Executive_Summary.pdf
https://www.faa.gov/news/media/attachments/RemoteID_Final_Rule.pdf
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There are three ways to comply with the Re-
mote ID rule: (a) operate a standard remote
ID sUAS broadcasting identification and lo-
cation information of both the aircraft and
control station; (b) operate a SUAS with a re-
mote ID broadcast module attached to it that
broadcasts identification, location and take-
off information; and (c) operate a SUAS with-
out Remote ID but flying at specific FAA-rec-
ognized identification areas (or FRIAS) [see
https://www.faa.gov/uas/getting started/re-
mote id/]. The final rule was been published
in Federal Register on January 15, 2021, and
almost all of the final rule goes into effect on
April 21, 2021[seehttps://www.federalreqis-
ter.gov/documents/2021/01/15/2020-
28948/remote-identification-of-unmanned-
aircraft as amended byhttps://www.feder-
alregister.qov/documents/2021/03/10/2021-

04882/remote-identification-of-unmanned-

aircraft-delay].

These two rules together provide much-
needed regulatory clarity and reduce the
need for waivers under Part 107. With en-
hancement of operational efficiencies under
increasingly well-defined concepts of opera-
tions (CONOPS)—which ensures safety and
transparent information flow across the com-
munity—more and more commercial uses
will become likely, fueling even further
growth. Notably, one such place for receiving
all operational information, including registra-
tion, authorization, and logging accident re-
ports, helps facilitate this growth further
[https://faadronezone.faa.qov/#/].

Fart 117 Commercal

As in the case of recreational UAS owner-
ship, commercial sUAS are distributed
across the country. A spatial distribution of
equipment registration (using data for De-
cember 2020) demonstrates that commercial
SUAS are distributed throughout the country
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with denser activities mapping closely
against the economic or commercial activi-
ties of the country.

Last year, the FAA forecasted that the com-
mercial UAS sector would have around


https://www.faa.gov/uas/getting_started/remote_id/
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507,000 sUAS in 2020, a growth rate ex-
ceeding 32% over the year before (2019).
Actual data came close to that projection with
a little over 488,000 aircraft by the end of
2020. Our forecast of commercial SUAS last
year thus overshot by 3.7% for 2019 (or
488,043 actual aircraft vs 506,776 projected
last year). Forecasting in a time of tremen-

dous uncertainty is indeed challenging, es-
pecially given the economic slowdown during
COVID-19 and its impact on the UAS sector.
The commercial SUAS sector’s fast growth
and adjustments during the pandemic is a
demonstration of that fact. Nevertheless, our
forecast errors for both recreation and com-
mercial appear to be within the bounds of
reasonableness.

Total Commercial/Non-Model Fleet (Thousand sUAS Units)

Fiscal Year Low
Historical

2020 488
Forecast

2021 543

2022 569

2023 583

2024 601

2025 614

We use the trends observed in the registra-
tion during the years past, information from
the survey conducted in 2018, review of
available industry forecasts/workshops and
past FAA UAS Symposiums, and internal re-
search together with market/industry re-
search. Using these, the FAA forecasts that
the commercial UAS fleet by 2025 will likely
(i.e., base scenario) be at around 835,000;
1.7 times larger than the current number of
commercial SUAS.'® As the present base
(i.e., the cumulative total) increases, the FAA
anticipates the growth rate of the sector will
slow down over time. Nevertheless, the sec-
tor will be much larger than what was only a
few years earlier.

18 | ast year, the ratio of end-year forecast to base
year forecast was 2-times; i.e., we forecasted
end-year to be twice the base year’s (2019) num-
bers in 5-year (2024).

51

Base High
488 488
589 691
665 871
729 1,028
784 1,094
835 1,144

In order to understand the growth trajectory
of the sector better, this report divides the
commercial UAS sector into two types of
SUAS aircraft: consumer grade and profes-
sional grade. The consumer grade commer-
cial UAS have a wide range of prices, below
US $10,000 with an average unit price of ap-
proximately $2,500. The professional grade,
on the other hand, is typically priced above
US $10,000 with an average unit price as-
sumed to be around $25,000.° For both con-
sumer grade and professional grade UAS,
the average price is falling over time, partic-
ularly over the last few years. Currently, the
consumer grade dominates the commercial

19 Because of this wide range in prices between
types of sSUAS in commercial activities, start-up
costs for a business may vary between $2,500
and $25,000.
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UAS sector with a market share approaching
92%. However, as the sector matures and
the industry begins to consolidate, the share
of consumer grade commercial UAS is likely
to decline though it will still be dominant. By
2025, FAA projects this sub-sector will have
approximately 87% of the overall commercial
SUAS sector.

Starting from a lower base of approximately
40,000 aircraft in 2020, the professional
grade commercial SUAS sub-sector stands
to expand rapidly over time reaching 105,000
in 2025, especially as newer and more so-
phisticated uses are identified, designed,
and operationally planned and flown. If, for
example, professional grade sUAS meet cri-
teria of operations, safety, regulations, and
satisfy economics and business principles
and enter into the logistics chain via small
package delivery, the growth in this sector
will likely be phenomenal. On the other hand,
starting from a base of 448,000 in 2020, con-
sumer grade sSUAS is likely to grow over
730,000 by 2025. These growth trajectories
could be even further enhanced by expand-
ing operations in controlled airspaces, e.g.,
the Low Altitude Authorization and Notifica-
tion Capability (LAANC) system?°, which be-
gan authorization in May, 2017. LAANC is
designed to facilitate SUAS use of controlled
airspace in the NAS. While most of the near-
term growth in commercial SUAS will con-
tinue to come from consumer-grade units
(over 90%), the FAA anticipates a significant
part will come from professional-grade sUAS
as well.

20 Low Altitude Authorization and Notification Ca-
pability [https://www.faa.gov/uas/programs_part-
nerships/uas data exchange/] or LAANC auto-
mated the application/approval process for air-
space authorizations. Requests submitted via
FAA approved UAS Service Suppliers (USS) are
checked against airspace data in the FAA UAS
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Unlike its recreational SUAS counterpart, it is
extremely difficult to put a floor on the growth
of the commercial SUAS sector due to its
composition (i.e., consumer vs. professional
grades) and the varying business opportuni-
ties and growth paths. As commercial SUAS
become operationally more efficient and
safe, battery life expands, and regulatory
constraints are gradually relaxed (e.g., re-
cent final rule involving operations over peo-
ple; and Remote ID), new business models
will begin to develop, thus enhancing robust
supply-side responses. These responses, in
turn, will pull demand forces (e.g., consumer
responses to receiving commercial pack-
ages; routine blood delivery to hospitals,
search-and-rescue operations, just to name
a few) that are somewhat latent and in the
experimental stages at present. Unlike a de-
veloped sector such as passenger air trans-
portation, it is impossible to put a marker on
“intrinsic demand” (or core demand) primarily
driven by economic and demographic factors
underlying this sector. Nevertheless, in this
year’s forecast the FAA makes a provisional
attempt to provide a “low” side for now, es-
sentially capturing the intrinsic demand. In
addition, we provide the likely or base sce-
nario together with the enormous potential
embodied in the “high” scenarios, represent-
ing cumulative annual growth rates of 11%
and 19%, respectively. Average annual
growth rate corresponding to the low sce-
nario, on the other hand, is around 5%.

Data Exchange such as temporary flight re-
strictions (TFRs), Notice to Airmen (NOTAMS),
and the UAS Facility Maps (UASFM). Approved
requests thus provide the FAA/ATO visibility into
where and when planned drone operations will
take place.


https://www.faa.gov/uas/programs_partnerships/uas_data_exchange/
https://www.faa.gov/uas/programs_partnerships/uas_data_exchange/
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Commercial SUAS are currently used for nu-
merous purposes. As the sector grows, the
FAA anticipates there will be many more
uses for, and much more use of, commercial
SUAS as is increasingly evident, for example,
from the successful implementation of the
UAS Integration Pilot Program (IPP) [see
https://www.faa.gov/uas/programs_partner-
ships/integration pilot program/ for more
details].

One way of identifying early trends in com-
mercial sSUAS use is to analyze the waiver
applications granted to sUAS operators.
Both the magnitude and relative composition
of waiver types may indicate the direction of
the commercial SUAS sector as a whole. A
breakdown of the waiver requests granted in
December, 2020 is shown in the chart below:

DroneZone Top 5 Requested Provisions
(as of end of December 2020)
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Beyond the daytime operation that is pres-
ently allowed under existing Part 107 rules,
expanding applications further requires waiv-
ers, to a large extent, for night operations as
distinct from daylight operations (around 9 in
10 approved waivers), and operations over
people (around 1 in 20 approved waivers).
As noted earlier, approved rules will now al-
low night operations and some operations
over people as part of routine operations no
longer requiring waivers. There are also
BVLOS waiver requests (around 13% of total
requests) and limitations on altitude (around

Disapproved
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Pending Approved

m Operations over People
m Operational Limitation: Altitude

9% of total requests), for which waiver ap-
provals are given at rates of 2.8% and 2.9%,
respectively. Many of these waivers are com-
bined, and thus total waiver approvals (i.e.,
full + partial) granted (over 3,890 by Decem-
ber, 2020) exceed 100%.

The Agency issues these waivers to facilitate
business activities by sUAS while preparing
for the next round of regulations that will en-
able routine, more complex drone opera-


https://www.faa.gov/uas/programs_partnerships/integration_pilot_program/
https://www.faa.gov/uas/programs_partnerships/integration_pilot_program/
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tions. Now that night operations and opera-
tions over people have been finalized?! [see
https://www.faa.gov/news/media/attach-

ments/OOP_Final%20Rule.pdf] amending
Title 14 of the Code of Federal Regulations
Part 107 (14 CFR Part 107) by permitting the
routine operation of SUAS at night?? or over
people under certain conditions?®, the
Agency is turning its focus on long-term so-
lutions that will eventually enable routine
BVLOS fights without waivers. Analysis of
the waiver applications allows us to under-
stand industry trends, one of many metrics

Total Airspace
Waiver/Authorizations
Requests

Finally, LAANC has been routinely providing
auto-approval since its inception in May,
2017, and now covers 726 airports. It has

21 The rule has been sent to the Office of the Fed-
eral Register and will become effective 60 days
after the publication date in the Federal Register.
Publication was expected in January 2021 but ef-
fective dates were delayed [See: https://www.fed-
eralregister.gov/documents/2021/03/10/2021-
04882/remote-identification-of-unmanned-air-
craft-delayandhttps://www.federalregis-
ter.gov/documents/2021/03/10/2021-04881/op-
eration-of-small-unmanned-aircraftsystems-
over-people-delay-withdrawal-correction.

Waiver/Authorizations
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essential for understanding and projecting
the trajectory, course corrections, and
growth trends of the sector.

On the airspace authorizations and waivers,
almost 50% of requests were approved for
controlled airspace at the end of December,
2020. While over half were for class D air-
space (i.e., smaller airports with control tow-
ers), other classes were also requested and
regularly flown.

Total Airspace
Awaiting
Decision

Processed 1.025

Approved

75,426

provided 289,749 auto-approvals for air-
space access requests from Part 107 users

22 See § 107.29. An operation at night was de-
fined as an operation conducted between the end
of evening civil twilight and the beginning of morn-
ing civil twilight, as published in the Air Almanac,
converted to local time (ibid).

23 See § 107.39. An operation over people was
established as one in which a small unmanned
aircraft passes over any part of any person who
is not directly participating in the operation and
who is not located under a covered structure or
inside a stationary vehicle.


https://www.faa.gov/news/media/attachments/OOP_Final%20Rule.pdf
https://www.faa.gov/news/media/attachments/OOP_Final%20Rule.pdf
https://www.federalregister.gov/documents/2021/03/10/2021-04882/remote-identification-of-unmanned-aircraft-delayand
https://www.federalregister.gov/documents/2021/03/10/2021-04882/remote-identification-of-unmanned-aircraft-delayand
https://www.federalregister.gov/documents/2021/03/10/2021-04882/remote-identification-of-unmanned-aircraft-delayand
https://www.federalregister.gov/documents/2021/03/10/2021-04882/remote-identification-of-unmanned-aircraft-delayand
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and 141,123 requests from recreational op-
erators as defined by 49 U.S.C. 8448092,
Approvals thus total over 430,000 (see be-
low); over 200,000 more since this time last
year, while sending almost 58,000 requests
for further coordination. LAANC authoriza-
tions are facilitated by the use of UAS facility
maps (UASFM)
[https://faa.maps.arcgis.com/apps/webappvi

ewer/in-
dex.html|?id=9c2e4406710048e19806ebf6a
06754ad] that provide maximum allowed al-
titudes around airports where the FAA may
authorize Part 107 UAS operations without
additional safety analysis. The UAS facility
maps are used to inform requests for Part
107 airspace authorizations and waivers in
controlled airspace.

LAANC Airspace Requests

107 Auto-
Approved

289,749

Status of Survey

The FAA is expected to conduct a nationwide
survey of UAS operators in the summer of
2021, titled Survey of UAS Operators. The
survey would ask commercial, recreational,
and safety-agency operators in the United
States about flight behavior, fleet character-
istics, and commercial activities. To achieve
this goal, all UAS operators who have regis-
tered with the FAA and have a valid email ad-
dress will be invited to participate in the sur-

24 Gtrictly for recreational uses
https://www.faa.gov/uas/recreational fli-
ers/new_changes recreational uas/me-
dia/44809 authorization.pdf].

[see
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Total: 488,764

vey. The responses to the survey are in-
tended to help the FAA make more informed
decisions regarding UAS policy, investment
in UAS infrastructure, and public safety in lo-
cal communities

In general, the survey will ask all operators
about flight behavior and their SUAS fleet.
Questions about flight behavior include how
often they fly their SUAS, the duration of each
flight, how high they fly, and which days of


https://faa.maps.arcgis.com/apps/webappviewer/index.html?id=9c2e4406710048e19806ebf6a06754ad
https://faa.maps.arcgis.com/apps/webappviewer/index.html?id=9c2e4406710048e19806ebf6a06754ad
https://faa.maps.arcgis.com/apps/webappviewer/index.html?id=9c2e4406710048e19806ebf6a06754ad
https://faa.maps.arcgis.com/apps/webappviewer/index.html?id=9c2e4406710048e19806ebf6a06754ad
https://www.faa.gov/uas/recreational_fliers/new_changes_recreational_uas/media/44809_authorization.pdf
https://www.faa.gov/uas/recreational_fliers/new_changes_recreational_uas/media/44809_authorization.pdf
https://www.faa.gov/uas/recreational_fliers/new_changes_recreational_uas/media/44809_authorization.pdf
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the week and months of the year they are the
most active. The questions about operators’
sUAS fleets includes propulsion type, weight
of aircraft, and number of aircraft. The survey
responses will allow the FAA to develop
models of sUAS activity in the NAS, which
should inform both policy and investment.

In addition to the general flight and fleet
guestions, two additional sections are in-
cluded for respondents who self-identify as
commercial or safety-agency operators. The
commercial operator's section asks ques-
tions about industry of operation and inten-
tions to apply for waivers. The safety-agency
operator's section asks questions about in-
tra-agency cooperation and training activi-
ties.

The new information collect request (ICR) for
the survey is in the final stages of approval
from the Office of Management and Budget
(OMB). Both the 60-day notice and comment
(www.regulations.gov/document?D=FAA-

2020-0488-0001) and the 30-day notice and

Remote Pilot Forecast

An important final metric in commercial
sUAS is the trend in remote pilot (RP) certifi-
cations. RPs are used primarily to facilitate
commercial sUAS flights. As of December
2020, approximately 206,347 RP certifica-
tions have been issued?, an increase of
around 47,000 from the same time last year.

Part 107 certifications require completing a
multi-step process beginning with obtaining

25 In our accounting of RPs, we take pilots who
passed the initial knowledge test (or Part 107)
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comment (www.regulations.gov/docu-
ment?D=FAA-2020-0488-0003) have been
completed. In addition, the ICR has received
approvals from both the FAA's Paperwork
Reduction Act (PRA) office and the Office of
the Secretary of Transportation (OST). The
FAA expects OMB approval before the sum-
mer of 2021.

Once the ICR is approved, the FAA will initi-
ate an awareness campaign for the survey.
The awareness campaign will include emails
to operators registered with the FAA and so-
cial media posts through FAA social media
accounts.

In addition, a webpage with information
about the upcoming survey will be published
on the FAA website.

After the survey closing, the responses to the
survey will be compiled and appropriately
weighted. The statistics developed from the
survey will be published in the Aerospace
Forecast, like in the past, the year after the
survey has been completed. We expect to
publish those results in the near future.

an FAA tracking number via the creation of
an Integrated Airman Certification and Rat-
ing Application (IACRA) profile prior to regis-
tering for a knowledge test. Following this in-
itial step, scheduling and passing the initial
aeronautical knowledge test at a Knowledge
Testing Center is required. Provided that one
has passed this test, the applicant is required
to fill out FAA Form 8710-13 in IACRA. A
confirmation email is sent when an applicant

plus current manned pilots who took online train-
ing in lieu of the knowledge test (or Part 61).


http://www.regulations.gov/document?D=FAA-2020-0488-0001
http://www.regulations.gov/document?D=FAA-2020-0488-0001
http://www.regulations.gov/document?D=FAA-2020-0488-0003
http://www.regulations.gov/document?D=FAA-2020-0488-0003
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has completed the necessary TSA security
background check. This email contains in-
structions for printing a copy of the temporary
remote pilot certificate from IACRA. A per-
manent remote pilot certificate is sent via
mail once all other FAA-internal processing
is complete. A RP certificate is valid for two
years, and certificate holders must pass a re-
current knowledge test every two years at a
Knowledge Testing Center. It is required that
RPs carry their certificate whenever flying a
sUAS.

Certifications for Part 61 operators, on the
other hand, require that an applicant must
hold a pilot certificate issued under 14 CFR
Part 61, and must have completed a flight re-
view within the previous 24 months. Since
Part 61 airmen already have IACRA profiles
established, they are required to complete,
like part 107 operators, FAA Form 8710-13
in IACRA. Upon completion of this form,
proof of current flight review, and proof of
online course completion, part 61 operators

are required to meet with FAA representa-
tives at the FAA Flight Standards District Of-
fice (FSDO), or with an FAA-designated pilot
examiner (DPE), or an airman certification
representative (ACR) or an FAA-certificated
flight instructor (CFI) who issues the RP cer-
tificate to the Part 61 operator. Like their Part
107 counterparts, certificates for Part 61 op-
erators are valid for 2 years and require re-
newal. (See https://www.faa.gov/uas/com-
mercial operators/become _a drone_pilot/
for more detalils).

Following the process above, the FAA clas-

sifies RPs into two categories:

¢ those who do not hold any pilot certificate
other than the Part 107, or Remote Pilot
only; and

¢ those who hold a Part 61 certificate and
a Part 107 certificate, or Part 61 and Re-
mote Pilot.

The chart below provides a distribution of
these two types of RPs who presently have
certificates.

Distribution of Remote Pilots

BRemote Pilot (Part 61 and Part 107 Certificate)
B Remote Pilot (Part 107 Only)


https://www.faa.gov/uas/commercial_operators/become_a_drone_pilot/
https://www.faa.gov/uas/commercial_operators/become_a_drone_pilot/
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Over 70% of the RPs are part 107 RPs only.
Over 90% of those who took the exam
passed and obtained RP certification. A cu-
mulative density distribution of remote pilots

by zip code in 2020 is provided in the map
below.

N Remote Pilot
g3 Registrations
' Cumulative Counts
=7
<20
<44
1 <86
<161
. <598

The RP forecasts presented below are
based on three primary data sources: (a)
trends in total RPs; (b) renewal trends; and
(c) trends in commercial SUAS registration
and forecasts of fleet. Given the trends in
registration and our forecast of the commer-
cial UAS fleet, the FAA assumes that one pi-
lot is likely to handle 2.38 units of commercial
SUAS aircraft, same as last year.
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Using these assumptions and combined with
the base scenario of the commercial SUAS
forecast, we project RPs in the graph below.
Last year, the FAA projected RPs to be
around 213,200 by the end of 2020. Actual
registrations came to be 206,347 or falling
short of 3.21% from the projection last year.
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Remote Pilot Forecast
(in thousands)
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Given the actual numbers at the end of 2020,
RPs are set to experience tremendous
growth following the growth trends of the
commercial SUAS sector. Starting from the
base of 206,347 RPs in 2020, commercial
activities may require almost 350,000 RPs in

COVID-19 and Its Impact on sUAS

Before we turn our attention onto areas of
further expansion of SUAS, the chart below
summarizes how COVID-19 may have im-
pacted three areas of registration. During the
prolonged shut-down (i.e., March-Dec, 2020)

2022

Year
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2023 2024 2025

5 years, a 1.7-fold increase, providing tre-
mendous opportunities for growth in employ-
ment associated with commercial activities of
SUAS. Potential for RPs may enhance even
more if larger UAS are used in commercial
activities and advanced air mobility (AAM)
becomes a reality in the near future.

of numerous parts of the economy, we notice
that commercial facets of sUAS, i.e., Part
107 and RP registrations, were impacted
negatively.
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Trends in Registrations:
March 2nd - December 28th (2020 versus 2019)
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® Recreational Registrations

As evident, Part 107 registrations dropped by
over 18% during this long period of partial
shut-down in 2020 in comparison to the year
before. RP registrations, on the other hand,
dropped by around 5%. Interestingly, the
registrations of recreational users went up by
almost 33% during this past year in compar-
ison to the year before. While it is quite pos-
sible that these drops/increases were led by
sectoral progression, we believe that at least
parts of the observed drops/increase were

Effective/Active Fleet via Renewal

sUAS are registered for 3 years [see
https://www.faa.gov/uas/getting _started/reg-
ister_drone/] while RP certifications are valid
for 2 [seehttps://www.faa.gov/uas/commer-
cial_operators/become_a _drone pilot/]. As
noted earlier, rules adopted by the FAA in the
matter of registration and marking require-
ments for sUAS aircraft [see FAA-2015-
7396; published on December 16, 2015]
were vacated by the United States Court of
Appeals for the District of Columbia Circuit in
Taylor v. Huerta [No. 15-1495; decided on
May 19, 2017]. However, Section 1092(d) of
the NDAA for Fiscal Year 2018 (Pub. L. 115-

-18.34%
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Part 107 Registrations ®mRemote Pilot Registrations

caused primarily by COVID-19. As the econ-
omy slowed down considerably, use of com-
mercial SUAS and correspondingly the use of
RPs, may have dropped as a result. On the
other hand, economic slowdown may have
afforded more time to people working from
home; consequently, leading to increased
experiment of recreational uses of sUAS
thus causing higher registration in this past
year in comparison to the year before.

91), signed by the President on December
12, 2017, overruled the decision in Taylor v.
Huerta and reestablished FAA’s authority
over registration. The FAA elected to extend
the registration period, for all drones regis-
tered prior to December 12, 2017, for three
years. Thus, December 12, 2020 marked the
first effective renewal date for both recrea-
tional and Part 107 registrations. As a result
of this sequence of events, approximately
800,000 sUAS registrations were due for re-
newal in December 2020.


https://www.faa.gov/uas/getting_started/register_drone/
https://www.faa.gov/uas/getting_started/register_drone/
https://www.faa.gov/uas/commercial_operators/become_a_drone_pilot/
https://www.faa.gov/uas/commercial_operators/become_a_drone_pilot/
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The beginning of the registration renewal af-
fords the FAA an opportunity to review the
data, i.e., duplicates and unnecessary regis-
trations removed, and make the registration
database cleaner and more compact. Fol-
lowing this process, a preliminary examina-
tion of the data reveals that renewal of regis-
trations appears to be slower perhaps due to
inertia, an informational awareness gap, con-
fusion about registration duration, and/or

lack of operational opportunities. This is par-
ticularly true for recreational registrations.
For example, a comparison of the latest pe-
riod for which preliminary data is available
against the earlier periods, i.e., December
13-February 10 for 2019-2021, show re-
newal and data clean-up led to a significant
decline, over 60% (or over 721,000) in cumu-
lative recreational registration trends.

Recreational: Pre- and Post-Renewal Cumulative Registration

1,400,000 -
1,200,000 -

(Counts / Day)

1,195,722

1,000,000 -
974,788
800,000 -
600,000 -
400,000 -

200,000 -

474,624

This decline occurs due to renewal/data and
validation starting on December 13, 2020.
Average daily registrations, taking into ac-
count renewal, for the latest period shows a
decline of 11,934 compared to over 300 daily
registrations in the two years prior during the
same periods (see the figure above). Further

\l

examination will occur during the upcoming
year.

Part 107 renewal trends, on the other hand,
leading to restating of registrations show
similar trends but declines are much less pro-
lific compared to its recreational counterpart.
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Part 107: Pre- and Post-Renewal Cumulative Registration
(Counts / Day)
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Average daily registrations taking into ac-
count renewals dropped to -248, as opposed
to earlier positive numbers, during the same
periods of Dec. 13 — February 10 in different
years since the registry began. Re-
newal/data clean up beginning on December
13, 2020 led to a reduction of over 14,600
from the cumulative registration counts by
February 10 this year. We do not observe
similar trends in RP registrations following
renewals.

Given the uncertainty underlying these num-
bers (e.g., effect of undecideds/late decision
by registrants to renew, role of registrations
initiated by third -party services), this opens
up a great need for communications about
the registration renewal requirement, which
the Agency already initiated. Furthermore,
FAA’s decision to defer the registration re-
newal process for 800,000 registrants, col-
lected over approximately a year and a half
period, created a unique data anomaly with
regard to the renewal process. This data
anomaly may be further skewed by confu-
sion about registration requirements and
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practices of third-party registration services
that occurred during this period. Now that
registration is expiring on a routine basis,
FAA will begin to monitor this data point care-
fully.

While removal of registrations that have
been entered in error may reduce the total
number of registrations, itis likely that renew-
als by late deciders may significantly alter cu-
mulative numbers and upward. As noted ear-
lier, the Agency uses registration as the pri-
mary basis for forecasting. Upon careful re-
view of these data, which appear to be tran-
sitory, we decided not to use these changes
in data to drive forecast for this year. We are
examining these numbers carefully and will
report the renewal-driven registrations and
forecasts based on the stabilized numbers in
the near future. For this year, we continue re-
porting registration trends prior to Dec. 12
and extrapolated data for forecasts (see fn.
#s 2 and 5). Provided that this slow pace is
indeed due to inertia, and not due to changed
opportunities or lost interests, renewal trends
may have significant impact on effective fleet
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in the NAS and thus remaining integration
challenges and opportunities.

IPP to BEYOND

One such integration challenge was ad-
dressed under the Unmanned Aircraft Sys-
tem (UAS) Integration Pilot Program (IPP).
Beginning in 2017, the IPP brought state, lo-
cal, and tribal governments together with pri-
vate sector entities, such as UAS operators
or manufacturers, to test and evaluate the in-
tegration of civil and public drone operations
into the NAS. The IPP program [see
https://www.faa.gov/uas/programs_partner-
ships/integration pilot program/ for more
details] concluded on October 25, 2020. The
FAA launched a new program called BE-
YOND to continue working on specific chal-
lenges of UAS integration:
e Beyond Visual Line of Sight (BVLOS) op-
erations that are repeatable, scalable

sUAS use by Public Entities

Public safety agencies’ use of sUAS has
grown over time and will continue to grow.
Public safety agencies’ roles in the United
States include law enforcement, firefighting
and response to natural disasters, and emer-
gency medical services. Additionally, these
agencies are at different levels of govern-
ment: federal, state, and local including tribal
and territorial. Examples include the Depart-
ment of the Interior monitoring wildlife with
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and economically viable with specific em-
phasis on infrastructure inspection, pub-
lic operations and small package deliv-
ery;

e Leveraging industry operations to better
analyze and quantify the societal and
economic benefits of UAS operations;
and

e Focusing on community engagement ef-
forts to collect, analyze and address
community concerns.

BEYOND started on October 26, 2020 to
continue the partnerships with eight of the
original nine IPP participants. [see
https://www.faa.gov/uas/programs_partner-
ships/beyond/ for more details].

sUAS; California Fire using sUAS for fire-
fighting operations; and local police depart-
ments using them for search and rescue in
missing person instances. Figure below
shows the historical growth of SUAS. By mid-
year 2020, 2,399 public safety agencies had
an active fleet size of 10,156 based on FAA
Part 107 registrations [see Figure below].


https://www.faa.gov/uas/programs_partnerships/integration_pilot_program/
https://www.faa.gov/uas/programs_partnerships/integration_pilot_program/
https://www.faa.gov/uas/programs_partnerships/beyond/
https://www.faa.gov/uas/programs_partnerships/beyond/
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Total UAS Registered by Public Safety Agencies
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Future growth of public safety agencies’
sUAS fleet size will continue to be strong. Ta-
ble below outlines the different growth paths
for the next five years. The expectation is that
the sUAS fleet size will be over 30,000 by
2025. This reflects a compound annual
growth rate of 24 percent. The strength of
growth will depend on multiple factors. One
factor is changes in FAA regulations for

Fiscal Year Low
Forecast
2021 11,733
2022 13,022
2023 14,112
2024 15,056
2025 15,888
CAGR* 9%

m State  mFederal / Tribal

sUAS, such as allowing tactical beyond vis-
ual line of sight. Another factor is budgetary
constraints at local and state levels of gov-
ernment. These factors have the possibility
of increasing or decreasing the growth of
sUAS adoption from public safety agencies
as shown in Table below with High and Low
forecasts.

Middle High
14,127 15,604
18,098 21,313
22,069 27,497
26,040 34,106
30,011 41,102
24% 32%

Note: Based on extrapolation of registrations of Part 107 UAS by public

safety agencies 2018-2020.

*Compound Annual Growth Rate
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Large UAS

UAS weighing 55 pounds or greater cannot
be operated under part 107 or as recrea-
tional unmanned aircraft. These larger UAS
(IUAS) must be registered using the existing
aircraft registration process and operated
with an exemption under the Special Author-
ity for Certain Unmanned Systems (49
U.S.C. 844807) or a public aircraft operator
(PAO) certification. At present, many of
these aircraft fly within the NAS by federal
agencies including the Departments of De-
fense (DoD), Homeland Security (DHS), In-
terior (DOI), Energy (DOE), and Agriculture,
as well as NASA, state governments, local
governments, and academia. However, com-
mercial operators are on the rise, many of
which are operating agricultural [UAS. In or-
der to calculate active IUAS in the NAS, we
employ multitudes of data from various
sources: the COA Online system and its suc-
cessor CAPS or COA Application Pro-
cessing System; MITRE's Threaded
Track infusing data from different sources,
FAA's Performance Data Analysis, FAA's
Aircraft Registry and Reporting Systems or
PDARS; and Notices to Airmen (NOTAM).

Combining these data sources, the FAA es-
timates that 195 IUAS are operating in 2020,
with the bulk of these aircraft operated by the
DoD and other government agencies. How-
ever, these estimates are likely the lower
bound since a growing number of agricultural
IUAS are operating in close proximity to the
ground (i.e., likely below 400ft AGL) and are
not captured by this data. These agricultural
IUAS are likely to grow rapidly over the next
5 years but will have very little effect on air
traffic in the NAS given their locations away
from busy manned air traffic and low altitude.
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IUAS operated by military and civilian agen-
cies in the NAS are expected to grow at a
steady pace over the next 5 years. DoD is
expected to remain the largest operator of
IUAS in airspace above 400ft AGL over the
forecast.

However, commercial operators are ex-
pected to overtake government operators as
awhole over the next 5 years. As the industry
for agricultural UAS matures, farmers are ex-
pected to switch from manual or manned air-
craft spraying to IUAS for their specialty
crops. This switch should drastically increase
the number of IUAS operated for commercial
reasons, but unlike the IUAS operated by the
government, these IUAS are operating well
below 400ft AGL.

In 2020, 14 exemptions were granted by the
FAA for commercial UAS with weights above
55Ibs while 21 exemptions expired. There
are approximately 30 active exemptions to
operate a IUAS. One-third of the active ex-
emptions are for agricultural uses, mostly
with UAS weighting above 55Ibs. The ex-
emptions for agricultural spraying is likely to
increase as the technology and the industry
matures.

The unmanned aircraft over 55Ibs registered
in the public aircraft registry has increased by
63 percent, from 322 at the end of 2019 to
510 at the end of 2020. Three hundred and
nine IUAS registered or renewed in 2020, up
21 percent from 2019. However, the delisted
and expired registration almost tripled in
2020 from 47 deregistration in 2019 to 121
deregistration in 2020. Around 10 percent of
the IUAS registered are directly connected to
agricultural uses.
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Although 510 IUAS are registered in the pub-
lic aircraft registry, only a portion of these air-
craft are currently operating commercially. A
sizable portion of the I[UAS operators are not
operating their aircraft in the NAS due to
safety or regulatory concerns or only operat-
ing close to the ground. As such, the number

of registered IUAS which are likely to come
in contact with ATC is small. The forecast for
the IUAS is only for aircraft operating in air-
space where contact with other IUAS or
manned aircraft is possible.

Larger UAS (>55 lbs) Forecast - 5 Years

Year Active L-UAS
Historical
2016 172
2017 159
2018 172
2019 206
2020 255
Forecast
2021 284
2022 304
2023 318
2024 329
2025 339

Combining the baseline from military and ci-
vilian agencies and projections of commer-
cial exemptions from the FAA, IUAS are esti-
mated to increase from 209 in 2019 to 255 in
2020, and are expected to increase by 29 air-
craft in 2021 due to an acceleration in com-
mercial applications. As commercial and ad-
vanced military IUAS are introduced over the
next half decade, IUAS are projected to in-
crease to 339 aircraft by 2025. The flattening
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Number of Flights

6,785
7,066
7,223
6,914
7,144

7,171
8,426
9,696
11,038
12,500

of the forecast from previous years is partially
due to the sunset of UAS exemptions under
49 U.S.C. 844807 in September of 2023,
which is expected to reduce the fleet of IUAS
after 2024, and partially due to the economic
impact from Covid-19, which has drastically
reduced the utilization of these aircraft.
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Larger UAS (>55 Ibs) Operating in the NAS
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Despite 49 additional aircraft detected oper-
ating in the NAS in 2020, only 230 additional
flights were observed. This suggests that the
utilization of each IUAS had decreased since
the beginning of the Covid-19 pandemic re-
cession. Even though the IUAS fleet is ex-
pected to increase in 2021, lower utilization
of each aircraft is expected to keep flights rel-

2020

67

Estimated

2021 2022 2023

= == Forecast

2024 2025

atively unchanged. As economic activity re-
covers and planned IUAS accusation are ful-
filled, flights are expected to grow rapidly, de-
spite fewer new IUAS. As such, the number
of IUAS flights are expected to increase from
the estimated 7,144 in 2020 to 12,500 by
2025, even as the growth of the IUAS fleet
stabilizes.
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Advanced Air Mobility

In September 2017, NASA launched a mar-
ket study for a segment crossing over some
functions of UAS discussed above. This seg-
ment of autonomous vehicles broadly called
Advanced Air Mobility?® (or AAM) is defined
as “a safe and efficient system for air pas-
senger and cargo transportation, inclusive of
small package delivery and other urban UAS

services, which supports a mix of
onboard/ground-piloted and increasingly au-
tonomous operations” (See

https://www.nasa.gov/aero/nasa-embraces-
urban-air-mobility). AAM technology pre-
sents considerable opportunities for eco-

26 The community is in the process of deciding on
a nomenclature. Only recently, the community-at-
large has moved onto coining earlier-used urban
air mobility (UAM) as advanced air mobility (AAM)
to broaden its operational scope, technical char-
acteristics, economic opportunities and regula-
tory framework. Under this broad characteriza-
tion, UAM is considered a subset of AAM.

2020 2021
Estimated
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2022
= = Forecast

2023 2024 2025

nomic growth over the coming decades. Mar-
kets for AAM services, such as delivering
packages by drone or larger unmanned
cargo or unmanned passenger shuttles or air
taxis, have huge potentials both in the United
States and globally. For example, package
or larger cargo delivery is the AAM service
that is most likely to experience economic
growth in the next decade. By 2030, for ex-
ample, package delivery is likely to be profit-
able at a price point of $4.20 per delivery with
a fleet of 40,000 vehicles completing 500 mil-
lion deliveries per year.?’

27 Urban Air Mobility (UAM) Market Study, Nov.
2018, NASA. (See
https://www.nasa.gov/uamgc.)
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Passenger services, on the other hand,
promise larger markets for AAM services, but
safety challenges and evolving technology
leading to market uncertainties may slow the
pace of AAM’s penetration into this segment
of the market. It appears that initial AAM op-
erations will be more likely helicopter opera-
tions with pilots onboard leading to some
form of automation as vehicles mature. Due
to perceived uncertainties, market estimation
for the overall sector has been quite wide.
The total available market for passenger ser-
vices is estimated to be $500 billion in the
United States, but AAM is unlikely to garner
more than $2.5 billion of this market in the
near term, as one study estimates.?® On the
upside of the estimation, a recent study con-
ducted by Deloitte and the Aerospace Indus-
tries Association (AlIA) estimates? the AAM
market in the US to reach approximately
US$115 billion by 2035, equivalent to 30% of
the present US commercial air transportation

Airport shuttles and other fixed-route pas-
senger services are the AAM passenger ser-
vices most likely to gain economic traction in
the coming decade. Optimistic reports pro-
ject the AAM passenger industry to have
23,000 aircraft with 740 million enplane-
ments per year at a price of around $30 per
trip by 2030.3! However, several other stud-

28 UAM Market Study — Technical Out Brief, Oct.
2018, Booz-Allen-Hamilton and NASA. (See
https://ntrs.nasa.gov/ar-

chive/nasa/casi.ntrs.nasa.gov/20190001472.pdf.

2Shttps://www?2.deloitte.com/us/en/insights/indus-
try/aerospace-defense/advanced-air mobil-
ity.htmI?id=us:2el:3pr:4diER6839:5awa:012621:
&pkid=1007244

30 Road congestion and associated opportunity
cost in commuting around metros provided the
most powerful boon for economic and financial
justifications for AAM passenger services. How-
ever, changed working pattern and home location
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market. Of that total, US$57 billion is ex-
pected to originate in passenger air mobility
while an equivalent amount is expected to
come from the cargo market.

Market dynamics underlying AAM are com-
plex, dynamic and numerous. Although
COVID-19 has led to an increased adoption
of virtual work versus commuting and busi-
ness travel®, persistence of this trend in the
long-run is mired in uncertainty. Socioeco-
nomic changes such as population shifts
from urban to suburban or rural areas (i.e.,
de-urbanization) could also affect the various
AAM use cases differently. AAM services,
i.e., both cargo and passenger, may appear
to be unprofitable in the near future, like
many other services in the beginning, the
AAM passenger industry is likely to expand
due to an inflow of venture capital and exper-
imental services exploring market opportuni-
ties.

ies have reported more conservative esti-
mates, arguing the market penetration is
likely limited to a handful of major metropoli-
tan areas where geography and economic
conditions are conducive to AAM market de-
velopment. As such, estimates by KMPG
predict 60.4 million enplanements by 2030
and a much smaller industry size.®? Similarly,
Roland Berger estimates a fleet of only
12,000 passenger UAS by 2030.% However,

due to COVID19 puts a damper on that earlier
economic trade-off, at least in the near-term.

31 Urban Air Mobility (UAM) Market Study, Nov.
2018, NASA. (See
https://www.nasa.gov/uamgc.)

82 Getting Mobility Off the Ground, 2019, KPMG
(see https://institutes.kpmg.us/manufacturing-in-
stitute/articles/2019/getting-mobility-off-the-
ground.html).

33 Urban Air Mobility: The rise of a new mode of
transportation, Nov. 2018, Roland Berger (see
https://www.rolandberger.com/en/Publica-
tions/Passenger-drones-ready-for-take-off.html).
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given the current safety and technology chal-
lenges, even these projections may likely to
be optimistic.

Given the enormous economic potentials un-
derlying the AAM sector, coordination led by
the Agency with close collaborations of
NASA and the industry, numerous activities
are presently taking place. This is leading to
flight testing of AAM vehicles (e.g.,
https://www.nasa.gov/centers/arm-
strong/features/nasa-begins-air-mobility-
campaign.html), regulatory coordination for
safety, traffic management and on issues re-
lated to international harmonization with
other agencies, e.g., European Union Avia-
tion Safety Agency (EASA) leading to type
certifications
(e.g.,https://www.faa.gov/uas/advanced op-
erations/certification/). In order to accelerate
this process, the Agency created an internal
AAM Executive Council [see
https://www.faa.gov/uas/advanced opera-
tions/urban_air_mobility/] and is actively
working with the internal and external stake-
holders to understand the nature, scope and
likely evolutions of AAM. The FAA also is-
sued a concept of operations (CONOPS) in
June last year [see
https://nari.arc.nasa.gov/sites/de-
fault/files/attachments/UAM_Co-
nOps_v1.0.pdf] and likely to publish a strate-
gic implementation framework in the near fu-
ture. NASA also launched a national cam-
paign (NC) to promote public confidence and
accelerate the realization of emerging avia-
tion markets for passenger and cargo trans-
portation in urban, suburban, rural, and re-
gional environments [see

34https://www.aviationto-
day.com/2021/02/09/joby-agrees-evtol-certifica-
tion-requirements-faa/
35https://lilium.com/newsroom-detail/lilium-part-
ners-with-tavistock-and-orlando
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https://www.nasa.gov/aeroresearch/aam/de-
scription/ for more details]. Furthermore,
NASA issued AAM CONOPS corresponding
to slightly advanced maturity levels (i.e., Ur-
ban Air Mobility Maturity Level 4) recently
[see https://ntrs.nasa.gov/cita-
tions/20205011091 for more details].

These pro-active steps are positioning the
AAM industry positively towards realizing
market opportunities. In December 2020, for
example, Joby Aviation received the first
ever airworthiness approval by the US Air
Force (USAF) for an eVTOL aircraft under
Agility Prime and recently reached an agree-
ment with the FAA to certify its aircraft using
the FAA’'s Part 23 requirements along with
special conditions for the eVTOL aircraft.®*
Joby Aviation plans to launch air taxi services
in the US by 2023. Lilium GMBH, a German
company, is developing an eVTOL transport
network centered around Lake Nona, Or-
lando, Florida. It has partnered with the City
of Orlando and a real estate development
company to develop a vertiport hub in Lake
Nona for regional, inter-city air mobility ser-
vices by 2025 with travel distances of up to
186 miles in 60 minutes with Lilium Jet air-
craft under development.®

The trend is somewhat similar at the interna-
tional level as well. For example, EHang, a
Chinese manufacturer of autonomous aerial
vehicles (AAVS), established a strategic part-
nership with UAM pilot cities in Spain, Aus-
tria, and China in 2020.%8 It also conducted
demonstration flights in South Korea with its
two-passenger autonomous aerial vehicle,
the EHang 216. German AAM companies,

36 https://www.ehang.com/news/617.html
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Lilium and Volocopter, are also working to
launch passenger air transport services in
the next few years. Volocopter completed
demonstration air taxi flights in Singapore in
2019 and began to sell tickets for commercial
service, expected to start in Singapore by
2023.%" Volocopter has also announced
plans to introduce air taxi services in the US.

AAM services are likely to face stiff competi-
tion from technological advances in indus-
tries with close substitutes, such as ground
transportation (i.e., emerging automated so-
lutions on increasingly electric-powered ve-
hicles). Furthermore, economic and financial
trade-offs underlying emergence of AAM
may have changed following COVID-19,
changed travel patterns and perhaps long-
term living arrangements. Finally, the high
costs of urban infrastructure, community ac-
ceptance, associated noise and environmen-
tal issues pose considerable challenges for
AAM type certification, wide production certi-
fication, and eventual community ac-
ceptance leading to greater adoption. Future

37https://www.bloomberg.com/news/arti-
cles/2020-12-09/first-electric-air-taxis-set-to-fly-
in-singapore-by-2023
38https://www.lamayor.org/mayor-garcetti-an-
nounces-first-nation-urban-air-mobility-partner-

ship
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AAM operators must also prepare to comply
with new operating requirements and other
regulations yet to come.

Despite these challenges, regional govern-
ments are aligning themselves with the man-
ufacturers and likely operators. For example,
the city of Los Angeles announced the crea-
tion of its Urban Air Mobility Partnership in
December 2020. It is a public-private part-
nership that will evaluate barriers and solu-
tions to launching air taxi services in Los An-
geles by 2023.38 Other entities including the
Canadian AAM Consortium (CAAM) have
also studied the impacts of AAM on regional
economies.*

As the sector grows and new initiatives are
undertaken, the Agency, together with nu-
merous stakeholders, is keeping a keen eye
on understanding the overall trends in AAM.
As more information becomes available, the
FAA will likely provide emerging trends and
forecast ds-in the near future.

39http://www.pnwer.org/up-
loads/2/3/2/9/23295822/economic_im-
pact assesment - caam - v1.0.pdf
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Forecast Uncertainties

The forecasts in this document are forecasts
of aviation demand, driven by models built on
forecasts of economic activity. There are
many assumptions in both the economic
forecasts and in the FAA models that could
affect the degree to which these forecasts
are realized. This year's forecast is driven,
at least in the near-term, by the pace of re-
covery from the impacts to the U.S. and
global economies and the aviation industry
resulting from the novel coronavirus (COVID-
19). Shifting international dynamics and im-
pacts resulting from the U.S. administration’s
economic policies could drive further
changes. Also, as numerous incidents in
the past few years remind us, terrorism re-
mains among the greatest world-wide risks
to aviation growth. Any terrorist incident
aimed at aviation could have an immediate
and significant impact on the demand for avi-
ation services that could be greater than its
impact on overall economic activity.

The rapid spread of the novel coronavirus
(COVID-19) that began in early 2020 re-
sulted in the largest decline in aviation activ-
ity since the jet era began in the late 1950’s.
Although the FAA forecast is a long-term
trend forecast, there is great uncertainty
about the path of aviation’s recovery from the
2020 downturn. This uncertainty arises from
a variety of factors including the speed at
which infection rates are brought down to a
minimal level, the willingness of consumers
to resume air travel as infection rates are re-
duced, the pace at which vaccinations of the
population take place, the success of the
strategies U.S. and foreign carriers are em-
ploying to recover from the downturn in de-
mand, the stability of consumer attitudes and
behaviors towards aviation in a post-COVID
environment, as well as the breadth and
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depth of the economic recession and the
speed and nature of the economic recovery,
all of which apply both domestically and glob-
ally.

Although oil prices moved lower in 2020 from
the previous year, recent volatility reminds us
there is still considerable uncertainty as to
the future direction of oil prices. The FAA’'s
baseline forecast (derived from economic as-
sumptions in IHS Global Insight's November
2020 U.S. macro forecast and 30-Year Fo-
cus released during August 2020) calls for oil
prices to decrease to $36 per barrel in 2021
and rise gradually thereafter. By 2030, oil
prices are projected to reach $75 per barrel
and reach $94 per barrel by the end of the
forecast period in 2041. Some forecasters
are calling for a more gradual rebound in the
price of oil. In October 2020, the World Bank
released its latest commodity price forecast.
The forecast calls for oil prices to rise gradu-
ally from a low of $41 per barrel in 2020 to
just under $57 per barrel by 2025. After 2025
prices continue to rise and reach $70 per bar-
rel by 2030. However, there are other oil
price forecasts that are considerably more
aggressive than the FAA base forecast. The
latest Energy Information Administration
(EIA) Annual Energy Outlook released in
January 2021, sees oil prices rising approxi-
mately 5.9% per year between 2020 and
2041. By 2041, the spot price of oil ranges
from $133 per barrel (West Texas Intermedi-
ate) to $138 per barrel (Brent), considerably
above the FAA base forecast of $94. Over
the long run, lower oil prices give consumers
an impetus for additional spending, including
air travel, and should enhance industry prof-
itability. In the case where oil prices turn out
to be higher than the FAA forecast, we would
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expect lower spending on air travel by con-
sumers, higher costs for fuel to airlines and
reduced industry profitability.

The baseline forecast incorporates additional
infrastructure spending in 2021 and beyond.
However, there is considerable uncertainty
as to the magnitude, timing, and nature of
these programs that ultimately determines
the impact on the future growth of the U.S.
economy. In addition, how the U.S. will en-
gage with the rest of the global economy over
the next several years continues to evolve.
Under the right conditions, a period of sus-
tained high and more inclusive growth along
with increased financial stability could occur
but there is also the possibility of an outcome
that leads to greater global economic frag-
mentation, slower growth, and increased fi-
nancial instability.

The baseline forecast assumes that the
global economic recession that occurred in
2020 will be short lived with recovery begin-
ning in the end of 2020. By the end of 2021
global GDP will be back to pre-COVID (2019)
levels led by China and the United States.
Thereafter, the baseline forecast assumes
that China and India will be growth engines
for emerging economies as China success-
fully transitions the economy from heavy re-
liance on manufacturing and resource indus-
tries to one more oriented towards the ser-
vices and technology sectors and India con-
tinues to implement reforms to make its
economy more competitive. In the United
States, economic growth will rebound
strongly in 2021 as the impacts from the lat-
est round of COVID-19 stimulus flow through
the economy. The combination of direct pay-
ments, extension of unemployment benefits,
and direct federal spending will provide
money into consumer’s wallets boosting their
spending. However later on in the decade,
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the forecast assumes some measure of fis-
cal restraint will be implemented as the im-
pact of the 2017 tax cuts and the huge in-
crease in federal spending to combat the
economic impacts of COVID-19 have
pushed the government debt as percent of
GDP to levels that were last seen at the end
of World War 2. In Japan, the United King-
dom, and the European Union economic
growth over the next few years will be well
above rates seen over the past decade as
these regions recover from the COVID-19 re-
cession. However, over the forecast horizon,
demand growth will remain slow in these re-
gions as they continue to be constrained by
structural economic problems (high debt,
slow population growth, weak public fi-
nances, for example) and political instability.
In most of the major advanced economies,
governments need to shore up their finances
and many are concerned that policy makers
will not take the necessary actions. There
exists a non-trivial possibility that authorities
will either act prematurely or be excessively
timid and late in taking necessary steps to
maintain a healthy global economy. The cur-
rent forecasts call for strong passenger
growth for travel between the United States
and other world regions, especially over the
next five years. Further slowing of worldwide
economic activity could seriously inhibit the
growth in global passenger demand.

Although U.S. airline finances have been
decimated as a result of COVID-19 and the
fall in demand, the outlook for further consol-
idation either through mergers and acquisi-
tions (M&A) or bankruptcy appears to be ra-
ther limited. Based on FY 2020 data, the top
6 (American, Delta, United, Southwest,
Alaska and JetBlue) accounted for almost
81% of the U.S. airline industry capacity and
traffic. For the large network carriers, the
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steps they have taken to increase their liquid-
ity have reduced the risk of bankruptcy in the
next few years. However, if the demand re-
covery is slower than expected, the increase
in debt that these carriers are servicing may
be a burden and increase the possibility of a
bankruptcy or liquidation. Low cost carriers
and ultra-low cost carriers also took steps to
increase their liquidity (stock issuances, debt
financing) that when combined with the size
of any merger transaction has increased the
amount of risk associated with a merger
making further merger activity unlikely.

The forecast assumes the addition of sizable
numbers of large regional jets (70 to 90
seats) into the fleets of regional carriers.
While the recovery in air travel demand from
the COVID downturn is projected to be ro-
bust, we are not projecting a uniform recov-
ery across all segments. As network carriers
continue to adjust the size and breadth of
their networks in anticipation of the post-
COVID environment, they are continuing to
move forward with plans to significantly re-
duce the numbers of small regional jets they
will need. Prior to the COVID downturn in
2020, strong air travel demand has not en-
sured financial stability for regional carriers,
as the bankruptcy filings of Republic Airways
in 2016, Great Lakes Airlines in 2018 and
Trans States Airlines in 2020 have shown.
Financially strong and well positioned re-
gional carriers may see increased opportuni-
ties for regional flying as a result of the net-
work carrier actions, but the overall impact
will most likely reduce opportunities for many
regional carriers, increasing financial pres-
sures on these carriers, and may lead to fur-
ther consolidation in the regional airline in-
dustry.

The general aviation sector did suffer a
downturn in activity in 2020 due to the im-
pacts of COVID-19, but the magnitude of the
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decline was much less than the decline in
commercial aviation. However, within the
sector, the impacts of the COVID-19 down-
turn have varied widely, as some segments
recovered quickly and by the end of 2020
were already exceeding pre-COVID activity
levels. Corporate and business aviation on
the other hand saw activity fall significantly
after the economy came to a near-halt in
March 2020. We project a return to pre-
COVID levels of activity in the GA segment
will be sooner than for commercial airlines.
Once returning to pre-COVID levels of activ-
ity, future growth in business and corporate
aviation is based largely upon the prospects
for economic growth and corporate profits.
Uncertainty in these leading indicators poses
arisk to the forecast, but the risk is not limited
to these factors. Other influences, such as
potential environmental regulations and
taxes do not seem to be as much of a con-
cern in the short term, but over the long term,
uncertainties about the direction of these in-
fluences may place downward pressure on
the forecast.

Overall activity at FAA and contract towers
decreased 16.7 percent in 2020, while activ-
ity at large and medium hub airports (61 in
total) fell 29.9 percent and 22.9 percent in
2020. While FAA's baseline forecast calls for
operations at FAA and contract towers to re-
turn to pre-COVID levels of activity by 2025,
the uneven nature of the demand recovery
results in operations at large and medium
hub airports growing faster than the overall
national trend and congestion and delays
could become critical limits to growth over
the forecast period. FAA's forecasts of both
demand and operations are unconstrained in
that they assume that there will be sufficient
infrastructure to handle the projected levels
of activity. Should the infrastructure be inad-
equate and result in even more congestion
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and delays, it is likely that the forecasts of
both demand and operations would not be
achieved.

Not only is the volume of aircraft operating at
most large hubs expected to increase over
the next 20 years, but the mix of aircraft is
changing for this same period. The expected
increases in the numbers of larger regional
jets and business jets as well as the antici-
pated widespread deployment of UAS and
Advanced Air Mobility (AAM) vehicles into
the national airspace system will make the
FAA'’s job more challenging. This change in
the mix of aircraft will most likely add to work-
load above and beyond the increasing de-
mand for aviation services resulting from the
growth in operations over the forecast pe-
riod.

Increasing concerns about aviation's envi-
ronmental impacts could potentially limit or
delay the ability of the aviation sector to grow
to meet national economic and mobility
needs. Airspace modernization and airport
expansion or new construction are often con-
tentious because of concerns over noise, air
guality, and water quality. Climate change is
also of concern and could limit aviation
growth. In Europe, concerns about climate
change are leading to restrictions on airport
expansion activities and proposals to limit
short-haul domestic flights. Community con-
cerns across the U.S. about aviation noise
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have led to increasing levels of public de-
bate, political interest, and even litigation.
Without effective measures to mitigate and
abate aviation noise, the infrastructure pro-
jects and airspace redesign efforts needed to
achieve aviation growth may be delayed.

In addition to providing economic benefits,
technologies to improve aircraft fuel effi-
ciency and reduce fuel consumption provide
benefits in terms of reduced emissions that
impact air quality and climate change; many
technologies that improve fuel efficiency also
result in reduced noise. Airlines are increas-
ing their use of sustainable aviation fuels,
which provides benefits in terms of reduced
impacts of aviation on climate change and air
guality. The implementation of the Carbon
Offsetting and Reduction Scheme for Inter-
national Aviation (CORSIA), a global market-
based measure for international carbon diox-
ide emissions, will help ensure an approach
that is economically preferable to a patch-
work of State or Regional-level regulations
around the world is used, and will help to fur-
ther address the impacts of aviation on cli-
mate change. Continued advancements and
fleetwide uptake of sustainable aviation fuels
and new aircraft and engine technologies
that result in improved fuel efficiency, re-
duced fuel consumption, noise reduction and
reduced emissions are required to ensure
that access restrictions or operating limita-
tions are not imposed on the in-service fleet,
which in turn may depress growth.
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Appendix A: Alternative Forecast Scenarios

Uncertainty exists in all industries, but espe-
cially in the commercial air travel industry.
As volatility in the global environment has in-
creased, the importance of scenarios for
planning purposes has increased. In order
to help stakeholders better prepare for the fu-
ture, the FAA provides alternative scenarios
to our baseline forecasts of airline traffic and
capacity.

To create the baseline domestic forecast,
economic assumptions from IHS Markit’'s 10-
year and 30-year U.S. Macro Baselines were
used. To develop the alternative scenarios,
assumptions from IHS Markit's 30-year opti-
mistic and pessimistic forecasts from their

Scenario Assumptions

The FAA’'s domestic baseline forecast as-
sumes that economic growth rebounds mod-
erately in 2021 and then remains slightly
above trend in the medium-term, supported
primarily by consumer spending and in par-
ticular, some catch-up in services spending
that were most impacted during 2020. The
forecast assumes no fiscal stimulus in the
fourth quarter of 2020 which negatively af-
fects GDP growth in 2021. The unemploy-
ment rate retreats gradually, reaching its pre-
pandemic rate in 2024. Oil prices remain
moderate by historic standards and there are
no external shocks.

The FAA's high case forecast uses IHS Mar-
kit's optimistic forecast. The optimistic sce-
nario is characterized by a quicker recovery
in the near term than in the baseline but
shows only slight improvement over the bal-
ance of the forecast. Near-term differences
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August 2020 US Economy: The 30-Year Fo-
cus were utilized. Inputs from these alterna-
tive scenarios were used to create “high” and
“low” traffic, capacity, and yield forecasts.

International passengers and traffic are pri-
marily driven by country specific Gross Do-
mestic Product (GDP) forecasts provided by
IHS Markit. Thus, the alternative scenarios
use inputs based on ratios derived from IHS
Markit's Major Trading Partner and Other Im-
portant Trading Partners optimistic and pes-
simistic forecasts in order to create high and
low cases.

include a fiscal stimulus package which
boosts consumer spending as well as per-
sonal savings in 2021. Accelerated COVID-
19 vaccinations lead to a more rapid decline
in case counts and an earlier return of con-
sumers to their pre-COVID spending pat-
terns. The unemployment rate also falls
faster than in the baseline, reaching the pre-
pandemic rate about a year sooner. And the
price of oil is lifted slightly above the baseline
as stronger economic activity generates in-
creased oil demand.

In this scenario, real personal consumption
expenditure (PCE) per capita growth over
the entire forecast is similar to that in the
baseline and unemployment averages 0.15
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points lower on a fiscal year basis than the
baseline.*°

Conversely, FAA’'s low case forecast uses
IHS Markit's pessimistic scenario. In this
forecast, an upturn in new COVID-19 cases,
hospitalizations, and deaths, slows the pace
of “opening up” and results in some retrench-
ment in consumer spending which falls be-
low the baseline path, removing support from
the economic recovery. The economy slows
with negative GDP growth in both 2020 and
2021 and recovery rates below the baseline.
GDP growth averages 0.8 percentage points
lower than in the baseline over the forecast
horizon.

In addition to slower GDP growth in this sce-
nario, productivity, the labor force and capital
investments also grow more slowly than in
the baseline. Personal income growth is

pressured leading to depressed consumer
confidence and spending, with durable
goods consumption, particularly of housing
and motor vehicles, impacted the most. Fi-
nancial conditions are tight and the higher in-
terest rates reflect concerns about the infla-
tionary outlook, given the Fed's accommoda-
tive monetary policy and accelerating infla-
tion. Inflation is fanned by higher commodity
prices and rising energy prices, wages, and
import prices combine to push consumer
price inflation above the baseline.

Oil prices rise faster than the baseline
throughout the forecast and are $63 per bar-
rel higher by 2041. Real PCE per capita in
this scenario grows 0.7 percentage points
slower per year than in the baseline; and un-
employment, on average, is 1.0 points higher
on an annual basis than in the baseline.

Real Personal Consumption Expenditure per Capita
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40 Real personal consumption expenditure per
capita and unemployment are used as input vari-
ables to the FAA's base, high and low forecasts
of enplanements.
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U.S. Population
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U.S. Refiners' Acquisition Cost
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The price of energy is one of the drivers in
the growth of consumer prices over the fore-
cast period. In the optimistic case, slow
growth of energy prices and import prices
counteracts faster growth of other consumer

2028

2031 2034 2037 2040

Fiscal Year

Optimistic

goods prices causing the optimistic CPI to
rise somewhat slower than the baseline. In
the pessimistic case, energy prices, wages
and import prices all rise more rapidly com-
pared to the baseline.

Consumer Price Index - All Urban Consumers
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Alternative Forecasts

Enplanements

In the baseline forecast, system enplane-
ments are forecast to grow at an average an-
nual rate of 5.0 percent a year over the fore-
cast horizon of 2021-2041 (with domestic
and international passengers increasing at
rates of 4.9 and 6.3 percent, respectively).

In the optimistic case, enplanements grow at
a slightly quicker pace, averaging 5.1 per-
cent per year (up 5.0 percent domestically
and 6.5 percent internationally). This sce-
nario is marked by a more favorable busi-
ness environment and lower fuel prices
which make the price of flying more afforda-
ble to business and leisure travelers. By the
end of the forecast period in 2041, system
passengers in the optimistic case are 1.8

percent above the baseline, totaling 1.5 bil-
lion, 26 million greater than in the baseline.

The pessimistic case is characterized by a
period of weakened personal income growth
and consumer confidence combined with a
contraction in financial asset markets, lead-
ing to higher interest rates, and curtailed in-
vestment and consumer spending. In this
scenario, enplanements grow an average of
3.9 percent per year (domestic up 3.6 per-
cent and international up 5.8 percent). Inthe
pessimistic case, system passengers in
2041 are 21.2 percent below the baseline
case, totaling 1.1 billion, or 303 million fewer
than in the baseline.

System Enplanements
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Revenue Passenger Miles

In the baseline forecast, system RPMs grow
at an average annual rate of 5.5 percent a
year over the forecast horizon (2021-2041),
with domestic RPMs increasing 5.1 percent
annually and international RPMs growing 6.6
percent annually.

In the optimistic case, the faster growing
economy coupled with lower energy prices
drives RPMs higher than the baseline, with

growth averaging 5.6 percent per year (do-
mestic and international RPMs up 5.2 and
6.8 percent, respectively).

In the pessimistic case, the combination of a
slower growing economy and higher energy
prices result in RPM growth averaging 4.5
percent annually with domestic markets
growing 3.8 percent a year while interna-
tional traffic grows 6.2 percent annually.

System Revenue Passenger Miles
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Available Seat Miles

In the base case, system capacity is forecast
to increase an average of 4.5 percent annu-
ally over the forecast horizon with growth av-
eraging 4.0 percent annually in domestic
markets and 6.0 percent a year in interna-
tional markets.
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2031 2034 2037 2040

Fiscal Year
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Optimistic

In the optimistic case, capacity grows slightly
faster than in the baseline forecast, averag-
ing 4.6 percent annually system-wide (4.1
and 6.2 percent for domestic and interna-
tional markets, respectively). Carriers in-
crease capacity compared to the baseline
forecast to accommodate increased travel



FAA Aerospace Forecast Fiscal Years 2021-2041

demand brought about by a more favorable
economic environment.

In the pessimistic case, demand for air travel
is lower than in the baseline, thus system ca-
pacity grows at a slower pace of 3.5 percent

annually (domestic growth of 2.7 percent an-
nually and international up 5.5 percent annu-

ally).

System Available Seat Miles
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Load Factor

System load factors over the 20-year fore-
cast period are similar for all three forecast
scenarios. System load factor rises from
69.5 percent in 2020 to 85.2 (optimistic), 85.1
(pessimistic), and 85.3 (baseline) percent in
2041.

In all three scenarios it is assumed that car-
riers will keep load factors on the high side
by actively managing capacity (seats) to
more precisely meet demand (passengers).

The domestic load factor increases over the
forecast horizon from 68.7 percent to 86.6

2028

2031 2034 2037 2040

Fiscal Year

82

Optimistic

percent in the baseline, optimistic and pessi-
mistic scenarios.

The international load factor is forecast to
rise to 82.1 throughout the period in the
baseline and pessimistic scenarios and rise
slightly to 82.2 percent in the optimistic sce-
nario. This reflects in part the relative growth
in demand and capacity in the three (Atlantic,
Latin, and Pacific) international regions un-
der each scenario.
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Yield

In the baseline forecast, nominal system
yield increases 1.8 percent annually, rising
from 11.54 cents in 2020 to 16.95 cents in
2041. In domestic markets, yield in the base-
line forecast rises from 11.00 cents in 2020
to 16.15 cents in 2041. International yield
rises from 13.33 cents in 2020 to 18.93 cents
in 2041.

System vyield rises in the optimistic case at a
slower rate than in the baseline, up 1.2 per-
cent annually to 14.92 cents by 2041. Do-
mestic yield increases to 13.78 cents while
international yield increases to 17.66 cents.
The modest growth in yield in both cases is

83

due to advancements in technology, gains in
productivity, and relatively favorable fuel
prices.

In the pessimistic case, nominal yields rise
more rapidly than in the baseline, growing an
average of 2.7 percent annually, reaching
20.14 cents by 2041 (20.17 cents domesti-
cally and 20.09 cents internationally). This
scenario reflects higher general domestic in-
flation and higher energy prices than in the
baseline, forcing carriers to increase fares in
order to cover the higher costs of fuel, labor,
and capital.
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