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Forecast Highlights (2019-2039)

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 have been impres-
sive: 2018 marks the tenth consecutive year
of profitability for the U.S. airline industry.
Looking forward, there is confidence that
U.S. airlines have finally transformed from a
capital intensive, highly cyclical industry to
an industry that generates solid returns on
capital and sustained profits.

Fundamentally, over the medium and long
term, aviation demand is driven by economic
activity, and a growing U.S. and world econ-
omy provides the basis for aviation to grow
over the long run. The 2019 FAA forecast
calls for U.S. carrier domestic passenger
growth over the next 20 years to average 1.8
percent per year. The uptick in passenger
growth since 2014 will continue into 2019
driven by generally positive economic condi-

tions in the U.S. and the world. Oil prices av-
eraged $64 per barrel in 2018 edging down
to $61 in 2019, and our forecast assumes
they will increase beginning in the early
2020s to reach $98 by the end of the forecast
period. After a year of solid economic growth
in 2018 for the U.S. and generally around the
world, conditions are beginning to gradually
ease. Some headwinds that have been pre-
sent over the past few years remain, such as
the uncertainty surrounding “Brexit” and the
difficulty China faces in managing the slow-
down of its economy. Meanwhile, new head-
winds have developed, including a broad
slowdown in global trade, political tensions in
several countries, and economic slumpsiin It-
aly and Germany. The U.S. economy is
showing signs of moderating from the above-
trend pace in 2018 as the expansion is
poised to become the longest on record.
Growth is expected to ease back towards
trend with domestic demand supported by
positive financial conditions, a strong labor
market, and continuing effects of the 2017
Tax Cuts and Jobs Act.

System traffic in revenue passenger miles
(RPMs) is projected to increase by 2.2 per-
cent a year between 2019 and 2039. Do-
mestic RPMs are forecast to grow 1.9 per-
cent a year while International RPMs are
forecast to grow significantly faster at 3.0
percent a year. System capacity as meas-
ured by available seat miles (ASMs) is fore-
cast to grow in line with the increases in de-
mand. The number of seats per aircraft is
growing, especially in the regional jet market,
where we expect the number of 50 seat re-
gional jets to fall to just a handful by 2030,
replaced by 70-90 seat aircraft.



Although the U.S. and global economies saw
solid growth in 2018, a combination of higher
energy prices and labor cost increases re-
sulted in profits for U.S. airlines falling further
from 2016’s record levels. The FAA expects
U.S. carrier profitability to remain steady or
increase as solid demand fed by a stable
economy offsets rising energy and labor
costs. Over the long term, we see a compet-
itive and profitable aviation industry charac-
terized by increasing demand for air travel
and airfares growing more slowly than infla-
tion, reflecting over the long term a growing
U.S. and global economy.

The long-term outlook for general aviation is
stable to optimistic, as growth at the high-end
offsets continuing retirements at the tradi-
tional low end of the segment. The active
general aviation fleet is forecast to remain
relatively level between 2019 and 2039.
While steady growth in both GDP and corpo-
rate profits results in continued growth of the
turbine and rotorcraft fleets, the largest seg-
ment of the fleet — fixed wing piston aircraft

continues to shrink over the forecast.
Against the stable fleet, the number of gen-
eral aviation hours flown is projected to in-
crease an average of 0.8 percent per year
through 2039, as growth in turbine, rotorcraft,
and experimental hours more than offset a
decline in fixed wing piston hours.

With increasing numbers of regional and
business jets in the nation’s skies, fleet mix
changes, and carriers consolidating opera-
tions in their large hubs, we expect increased
activity growth that has the potential to in-
crease controller workload. Operations at
FAA and contract towers are forecast to grow
0.9 percent a year over the forecast period
with commercial activity growing at five times
the rate of non-commercial (general aviation
and military) activity. The growth in U.S. air-
line and business aviation activity is the pri-
mary driver. Large and medium hubs will see
much faster increases than small and non-
hub airports, largely due to the commercial
nature of their operations.



Review of 2018

An improving economy at home and solid
growth abroad translated into another good
year for U.S. aviation in 2018. Airlines
posted their tenth consecutive year of profits
as they boosted revenue growth at the fast-
est rate since the recession. Revenues grew
as the U.S. airline industry continues to shift
its emphasis from gaining market share to
seeking returns on invested capital. U.S. air-
lines are continually updating their success-
ful strategies for capturing additional revenue
streams such as charging fees for services
that used to be included in airfare (e.g. meal
service), charging for services that were not
previously available (e.g. premium boarding
and fare lock fees), as well as for maximizing
fare revenue with more sophisticated reve-
nue management systems. At the same
time, the U.S. airline industry has become
nimbler in adjusting capacity to seize oppor-
tunities or minimize losses, helping to raise
yields for the first time in four years. These
efforts secured industry profitability in 2018
even as energy prices and new labor con-
tracts lifted costs higher.

Demand for air travel in 2018 picked up again
after cooling in 2017 as economic growth in
the U.S. accelerated. In 2018, system traffic
as measured by revenue passenger miles
(RPMs) increased 4.8 percent while system
enplanements grew 4.7 percent. Domestic
RPMs were up 5.4 percent while enplane-
ments were up by 5.0 percent. International

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

RPMs increased 3.4 percent and enplane-
ments grew by 2.8 percent. The system-
wide load factor was 83.8 percent, up three
tenths of a percent from the 2017 level.

System vyields increased for the first time
since 2014. In domestic markets, expansion
by ultra-low cost carriers such as Spirit and
Allegiant, as well as by mainline carriers such
as United, helped to keep a lid on fare in-
creases despite rising energy and labor
costs as yields were unchanged. Interna-
tional yield rose a strong 5.6 percent as both
the Atlantic and Latin regions gained sharply
and the Pacific region reversed course after
years of declines and posted a solid gain.
Despite rising energy and labor costs, U.S.
airlines remained solidly profitable in FY
2018. Data for FY 2018 show that the report-
ing passenger carriers had a combined oper-
ating profit of $17.6 billion (compared to a
$21.5 billion operating profit for FY 2017).
The network carriers? reported combined op-
erating profits of $12.5 billion while the low
cost carriers? reported combined operating
profits of $4.5 billion as all carriers posted
profits.

The general aviation industry recorded an in-
crease of 9.2 percent in deliveries of U.S.
manufactured aircraft in 2018, with pistons
up by 5.5 percent and turbines up by 12.8
percent. As the higher priced turbine deliv-
eries improved significantly (as opposed to a

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



flat performance last year), U.S. billings in-
creased 9.0 percent to $11.6 billion. Gen-
eral aviation activity at FAA and contract
tower airports recorded a 3.3 percent in-
crease in 2018 as local activity rose 5.2 per-
cent, more than offsetting a 1.8 percent de-
cline in itinerant operations.

Total operations in 2018 at the 518 FAA and
contract towers were up 2.9 percent com-
paredto 2017. This marks the first time since

FY 1997-2000 that operations at FAA and
funded towers have increased for four con-
secutive years. Air carrier activity increased
by 4.3 percent, more than offsetting a decline
in air taxi operations, while general aviation
rose 3.3 percent and military activity de-
creased 2.1 percent. Activity at large hubs
rose by 1.9 percent, while medium hub activ-
ity increased by 3.5 percent and small hub
airport activity was up 1.5 percent in 2018
compared to the prior year.



Acronym

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
NAS
NASA
NDAA
NOTAM
NPRM
PCE
PDARS
RAC
RLV
RP
RPA
RPMs

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

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

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

In the near term, IHS Markit projects that
world economic growth will ease slightly from
its 2018 rate of 2 percent as economies re-
turn to their long-run trend growth rates.
Growth is projected at 2.9 percent in 2019
and 2.8 percent in 2020. The U.S. economy
is forecast to be supported by improved fi-
nancial conditions but restrained by reduced
government spending while European
growth is pressured by weakness in manu-
facturing and widespread political uncer-
tainty. Japan’s economic growth is projected

to suffer from trade concerns and an in-
crease in the consumption tax later in 2019.
In emerging markets, China’'s growth rate
continues to gradually decelerate through 6
percent, though supported by government
stimulus, while other countries such as Brazil
and Russia suffer from political uncertainties
and relatively weak export demand. India is
expected to post growth rates of about 7 per-
cent as consumer spending slows and fiscal
stimulus is reduced.

India and China led World Economic Growth in 2018
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IHS Markit forecasts world real GDP to grow
at 2.8 percent a year between 2019 and
2039. Emerging markets, at 4.1 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,

0.7

Russia mEurozone m®Brazil mJapan ®=World

Latin America, and Eastern Europe. Growth
in the more mature economies (1.6 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 0.9 percent a year reflecting
deep structural issues associated with a
shrinking and aging population.



Asia and Africa/Middle East lead global economic growth
Annual GDP % growth 2019-2039
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The average crude oil price in 2018 was up
28 percent from the year before to about $65
per barrel, continuing the increase seen in
2017. IHS Markit is projecting slight moder-
ation in prices in 2019 and 2020 due to sup-
ply growth, particularly in the U.S., followed
by gradual increases in subsequent years.

The price of oil is projected to increase over
the long run due to growing global demand
and higher costs of extraction. IHS Markit
forecasts U.S. refiner's acquisition cost of
crude to remain just shy of $100 per barrel
by the end of the forecast horizon in 2039.

U.S. Refiners' Acquistion Cost
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U.S. Airlines

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.

The commercial air carrier industry in 2019
will respond to four trends already underway:
(1) selective capacity expansion; (2) steady
growth of seats per aircraft, whether through
up-gauging or reconfiguring existing aircraft;
(3) increasing competitive pressure due to ul-
tra-low-cost carrier expansion; and (4) in-
creasing price discrimination* through ancil-
lary revenues and revenue management
systems.

Following the 2007-09 recession, the U.S.
airline industry underwent considerable re-
structuring that has resulted in an unprece-
dented period of capacity discipline, espe-
cially in domestic markets. Between 1978
and 2000, ASMs in domestic markets in-
creased at an average annual rate of 4 per-
cent a year, recording only two years of de-
cline. Even though domestic ASMs shrank
by 6.9 percent in FY 2002, following the
events of September 11, 2001, growth re-
sumed and by 2007, domestic ASMs were
3.6 percent above the FY 2000 level. Since

8 Mainline carriers are defined as those providing
service primarily via aircraft with 90 or more
seats. Regionals are defined as those providing
service primarily via aircraft with 89 or less seats
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2009, U.S. domestic ASMs have increased
at an average rate of 2.5 percent per year
while RPMs have grown 3.1 percent per
year. Although those average rates of
growth since the recession are modest, they
conceal the fact that growth has been picking
up over the period (4.6 percent and 4.7 per-
cent a year since 2014, respectively). ASM
growth has risen due to a variety of factors
including upgauging and the expansion of ul-
tra-low-cost carriers and the competitive re-
sponse by major carriers, driven in large part
by low fuel prices. Looking ahead to the
near-term, that earlier restraint in ASM
growth is likely to continue easing as some
carriers have indicated plans to open new
routes. As new service begins, competitors
may respond by adding their own new
routes, thus further boosting ASM growth.

The period of domestic capacity restraint
since 2007 has not been shared equally be-
tween the mainline carriers and their regional
counterparts. In 2018, the mainline carrier
group provided 14.8 percent more capacity
than in 2007 while carrying 17.8 percent
more passengers. Capacity flown by the re-
gional group has risen just 0.5 percent over
the same period (with passengers carried
down 1.5 percent).

and whose routes serve mainly as feeders to the
mainline carriers.

4 Simply defined as the business strategy of sell-
ing largely similar products to different custom-
ers at different prices.



The regional market has continued to shrink this has meant stagnant growth in enplane-
as the regionals compete for even fewer con- ments and yields.
tracts with the remaining dominant carriers;

Enplanements (millions)
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U.S. Commercial Air Carriers
Domestic Passenger Nominal Yield
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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, the regional airlines are facing some
pilot shortages. Their labor costs are in-
creasing as they raise wages to combat the
pilot shortage while their capital costs have
increased in the short-term as they continue
to replace their 50 seat regional jets with
more fuel-efficient 70 seat jets. The move to
the larger aircraft will prove beneficial in the
future, however, since their unit costs are
lower.

Growing seats per aircraft has been a
longstanding trend for regionals that saw this
measure rise by more than 55 percent over

13

the decade from 1997 to 2007. The trend
has slowed more recently, however, as re-
gional seats per aircraft rose 28 percent over
the ten years ending in 2018.

Mainline carriers have also been increasing
the seats per aircraft flown although the trend
has been accelerating — the reverse of re-
gionals' behavior. From 1997-2007, mainline
seats per aircraft expanded just one-half of
one percent. Since 2007, this measure has
grown 9 percent.

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 2016, U.S. pas-
senger carrier profits declined in the subse-
guent three years on rising fuel and labor
costs, and flat yields. Nevertheless, profits
remain solid and supported by ancillary rev-
enues and the implementation of increas-
ingly sophisticated revenue management
systems. These systems enable carriers to
price fares optimally for each day and time of
flight and minimize foregone revenue. Be-
sides this method of price discrimination, air-
lines are continuing to implement plans to
further segment their passengers into more
discreet cost categories based on comfort
amenities like seat pitch, leg room, and ac-
cess to social media and power outlets. In
2015, Delta introduced “Basic Economy”
fares that provided customers with a main
cabin experience at lower cost, in exchange
for fewer options. By the end of 2017 these
fares were available in 100% of Delta’s do-
mestic network. In February 2017 American
began offering its version in February 2017,
and had expanded to the entire domestic
network by September. United deployed its
version of Basic Economy fares across its
domestic network in May, but quickly pulled
back the scale of deployment across its do-
mestic network as negative revenue impacts
were more than anticipated.

5 Commercial air carriers encompass both main-
line and regional carriers.
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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. While mainline en-
planements have increased almost 18 per-
cent since 2007, and regionals' have shrunk
1.5 percent, low cost carrier enplanements
have grown by 36 percent. RPMs over the
same period show a similar pattern with
mainline RPMs up almost 22 percent, re-
gional RPMs up 6 percent and LCC RPMs
fully 46 percent higher.

U.S. commercial air carriers’ total number of
domestic departures rose in 2016 for the first
time since 2007 but then pulled back in 2017
and rose again in 2018 leaving them about
17 percent below the 2007 level. ASMs,
RPMs and enplanements all grew in each of
the past eight years; these trends underlie
the expanding size of aircraft and higher load
factors.® In 2018, the domestic load factor
returned to 84.7 percent -- the historic high
first reached in 2016. Load factor is forecast
to rise and peak around 86.6 percent in the
future due to the logistical difficulties inherent
in matching supply perfectly with demand.



U.S. Commercial Air Carriers
Domestic Market
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System (the sum of domestic plus interna-
tional) capacity increased 4.4 percent to
1.194 trillion ASMs in 2018 while RPMs in-
creased 4.8 percent to 1.001 trillion. During
the same period system-wide enplanements
increased 4.7 percent to 880.5 million. In
2018, U.S. carriers continued to prioritize the
domestic over the international market in
terms of allocating capacity as domestic ca-
pacity increased 5.1 percent while interna-
tional capacity was up just 2.9 percent. U.S.
carriers' domestic capacity growth will ex-
ceed their international capacity growth in
2019 but carriers will start expanding capac-
ity in international markets faster than do-
mestic markets beginning in 2020 and this
trend is projected to continue through 2039
as the domestic market continues to mature.
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U.S. mainline carrier enplanement growth in
the combined domestic and international
market was 5.0 percent in 2018 while re-
gional carriers carried 3.3 percent more pas-
sengers.

In the domestic market, mainline enplane-
ments increased for the eighth consecutive
year, up 5.4 percent, marking the first time
since 2000 that the industry recorded eight
consecutive years of passenger growth in
the domestic market. Mainline passengers in
international markets posted the ninth year of
growth, up 2.9 percent. Domestic mainline
enplanement growth is forecast to remain
solid, increasing at 4.6 percent in 2019 be-
fore slowing as economic activity cools and
averaging 1.6 percent annually over the fore-
cast. After slowing during the early part of
the forecast, international enplanements are



expected to accelerate to an average of 3.1
percent through the forecast horizon.

With relatively robust demand, industry ca-
pacity growth was up 4.4 percent in 2018 af-
ter a 2.9 percent increase in 2017. The in-
creased passenger volume and traffic offset
declining yields and along with higher ancil-
lary revenues and relatively low fuel prices,
U.S. carriers were solidly profitable in 2018.
Domestic mainline capacity is expected to
match the pattern of enplanements with solid
4.5 percent growth in 2019, followed by a few
years of slower growth before returning to
trend. International mainline enplanements
are forecast to slow somewhat over the next

16

two years before returning to growth of about
3.4 percent through the remainder of the
forecast.

System load factor rose by four tenths of a
percentage point while trip length increased
1.1 miles (0.1 percent) in 2018, even as
seats per aircraft mile increased by 1.2 per-
cent; again reflecting the trend towards using
larger aircraft. Seats per aircraft mile sys-
tem-wide increased to 156.2 seats (up 1.8
seats per aircraft mile), the highest level
since 1990.



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. Domestic
enplanement growth is expected to outpace
that of international markets for the next few
years when longer term economic trends
begin to reassert themselves. Average an-
nual growth rates (FY 2019-2039) of the in-
ternational market (comprised of mainline
and regional carriers) for enplanements,
RPMs and ASMs are all forecast at 3.0 per-
cent.

Growth of major global economies has be-
gun to slow from the above-trend rates of re-
cent years. Several moderating factors are
at work, including dampened credit growth,
reduced global trade, political stresses, and
tighter U.S. monetary policy. The European
and Japanese economies are generally see-
ing slow but positive growth, in part due to
weak trade with Asia. In turn, this has been
driven by China's continuing gradual slow-
down which has been managed by the gov-
ernment and is unlikely to decline sharply.
Overall, global conditions appear to be on a
stable path but one with growth rates that are
closer to long-term trends than the higher
rates of the recent past. Combined with
moderate oil prices, this presents a support-
ive environment for air travel demand.

U.S. Carriers - Enplanements
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U.S. Carriers - RPMs
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U.S. Carriers - ASMs
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The next two years will see some reduction
in growth rates of international demand for
the U.S. carriers with growth averaging
around 1.5, 2.8, and 2.8 percent a year for
enplanements, RPMs, and ASMs, respec-
tively. Subsequently, demand picks up to av-
erage 3.0 percent throughout the forecast for
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each measure. Airlines will continue to
match capacity growth with traffic growth and
load factor is expected to stabilize around
81.5%. Load factors this high were last seen
in 2014.
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For U.S. carriers, Latin America remains the
largest international destination despite the
recent economic and political crises in Vene-
zuela and Brazil. Enplanements in 2018
grew an estimated 3.9 percent while RPMs
increased 4.0 percent. Growth is projected
to ease considerably in 2019 and 2020 as
U.S. carriers trim capacity expansion to help
stabilize yields. Enplanements and RPMs
are forecast to increase 1.1 and 1.6 percent,
respectively, in 2019. Over the twenty-year
period 2019-2039, Latin America enplane-
ments are forecast to increase at an average
rate of 3.5 percent a year while RPMs grow
3.8 percent a year.

The Pacific region is the smallest in terms of
enplanements despite the economic growth
and potential of air travel to China and India.
In 2018, U.S. carriers saw enplanements de-
cline 4.4 percent from their 2017 levels,
mainly due to declining enplanements to and
from Japan, the region's largest market.
Meanwhile, traffic (RPMs) increased by just
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0.4 percent. Although the region is forecast
to have the highest economic growth of any
region over the next 20 years, led by China
and India, U.S. carrier enplanements and
RPMs for the Pacific region are forecast to
grow a modest 2.2 and 2.4 percent a year,
respectively. Traffic growth is relatively mod-
erate in part because U.S. carriers continue
to have a majority of their service in the re-
gion to Japan as opposed to faster growing
markets.

After slowing in 2015 and 2016, the Atlantic
region saw a strong increase in enplane-
ments of 4.9 percent as well as an increase
in RPMs of 5.4 percent in 2018. However,
the European economies are beginning to
cool and with them enplanement and RPM
growth will slow in coming years. Over the
twenty-year period from 2019 to 2039, en-
planements in the Atlantic region (including
the Middle East and Africa) are forecast to
grow at an average annual rate of 2.3 per-
cent a year while RPMs grow 2.6 percent a



year. 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 aresult, a larger share of the forecast avi-
ation demand in the Atlantic region is linked
to those two areas, particularly in the second
half of the forecast period.

Total Passengers To/From the U.S.
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Total passengers (including Foreign Flag
carriers) between the United States and the
rest of the world increased an estimated 5.3
percent in 2018 (244.2 million) as all regions
posted gains led by a 7.1 percent increase in
the Atlantic region.

FAA projects total international passenger
growth of 3.9 percent in 2019 as global eco-
nomic growth eases with the highest growth
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expected in the Pacific region. Moderate
global economic growth averaging 2.8 per-
cent a year over the next 20 years (2019-
2039) is the foundation for the forecast
growth of international passengers of 3.4
percent a year, as levels double from 244
million to 491 million.

The Latin American region is the largest in-
ternational market and is projected to grow at



the fastest rate (3.5 percent a year) of any
region over the forecast period. Within the
region, Mexico and Dominican Republic are
the two largest markets and are expected to
post average annual growth rates of 3.3 per-
cent and 4.3 percent, respectively.

Powered by economic growth and rising in-
comes in China, India and South Korea, total
passengers in the Pacific region are forecast
to more than double to 90 million by 2039.
From 2019 to 2039, passengers between the
United States and the Pacific region are fore-
cast to grow 3.6 percent a year.

Both the Atlantic and Canada regions are
more mature markets and are projected to

Cargo

Air cargo traffic contains 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.

U.S. air carriers flew 42.8 billion revenue ton
miles (RTMs) in 2018, up 9.1 percent from
2017 with domestic cargo RTMs increasing
7.7 percent to 15.8 billion while international
RTMs rose 10.0 percent to 27.0 billion. Air
cargo RTMs flown by all-cargo carriers com-
prised 78.7 percent of total RTMs in 2018,
with passenger carriers flying the remainder.
Total RTMs flown by the all-cargo carriers in-
creased 9.5 percent in 2018 while total RTMs
flown by passenger carriers grew by 6.7 per-
cent.
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have somewhat slower growth than the Latin
or Pacific regions. The Atlantic region is fore-
cast to grow at an average rate of 3.0 percent
a year as an increasing share of the passen-
gers in this region come from the Middle East
and Africa markets. Though sizable and
comparable to Mexico in passenger traffic,
the Canadian transborder market is consid-
erably smaller than the Atlantic region. With
solid North American economic growth, Can-
ada transborder passengers are forecast to
grow at an annual average of 3.3 percent a
year over the next 20 years.

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, and globalization.

The forecasts of Revenue Ton Miles (RTMs)
rely on several assumptions specific to the
cargo industry. First, security restrictions on
air cargo transportation will remain in place.
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 9.1 percent in 2018, total
RTMs are expected to grow 5.8 percent in
2019. Because of steady U.S. and world
economic growth, FAA projects total RTMs
to increase at an average annual rate of 3.3
percent for the balance of the forecast period
(from 2019 to 2039).

Following a 7.7 percent increase in 2018, do-
mestic cargo RTMs are projected to grow 4.5
percent in 2019 as the U.S. economic recov-
ery slows. Between 2019 and 2039, domes-
tic cargo RTMs are forecast to increase at an
average annual rate of 1.6 percent. In 2018,
all-cargo carriers carried 90.0 percent of do-
mestic cargo RTMs. The all-cargo share is
forecast to grow modestly to 91.4 percent by
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2039 based on increases in capacity for all-
cargo carriers.

International cargo RTMs rose 10.0 percent
in 2018 after posting a 9.7 percent increase
in 2017. Faster economic growth in the U.S.
helped to fuel a pickup in worldwide trade.
Growth in international RTMs remain strong
in 2019 at 6.6 percent as global trade growth
continues to be robust. For the forecast pe-
riod (2019-2039) international cargo RTMs
are forecast to increase an average of 4.0
percent a year based on projected growth in
world GDP with the Other International re-
gion having the fastest growth (5.1 percent),
followed by the Pacific (4.3 percent), Atlantic
(3.1 percent), and Latin America regions (0.8
percent), respectively.

The share of international cargo RTMs flown
by all-cargo carriers is forecast to increase
from 72.1 percent in 2018 to 78.4 percent by
2039.



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. Forecasts of new air-
craft deliveries, which use the data from Gen-
eral Aviation Manufacturers Association
(GAMA), together with assumptions of retire-
ment rates, produce 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 May and January.

The results of the 2017 GA Survey, the latest
available, were consistent with the results of
surveys conducted since 2004 improve-
ments to the survey methodology. The esti-
mate of the GA active fleet was in decline be-
tween 2007 and 2013, especially between
2011 and 2013, primarily due to the impact

6 An active aircraft is one that flies at least one
hour during the year.
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of the 2010 Rule for Re-Registration and Re-
newal of Aircraft Registration, which re-
moved cancelled, expired or revoked records
from the Registry. In 2014, the GA fleet rec-
orded its first increase since 2008, which
continued till 2016, and remained stable in
2017. The active GA fleet was estimated as
211,757 aircraft in 2017 (0.0 percent change
from 2016), with 25.2 million hours flown (up
1.5 percent from 2016).

In 2018, deliveries of the general aviation in-
dustry increased in both piston and turbine
segments. Single engine piston deliveries of
the U.S. manufactured aircraft were up 3.5
percent, while the smaller category of multi-
engine piston deliveries went up by 41.5 per-
cent. Business jet deliveries were up by 17.1
percent, and turboprop deliveries were up by
8.6 percent. Based on figures released by
GAMA, U.S. manufactured general aviation
aircraft deliveries were 1,746 in CY 2018, 9.2
percent more than CY 2017. They amounted
to $11.6 billion in factory net billings. Overall
piston deliveries were up 5.5 percent while
turbine shipments were up by 12.8 percent.



General Aviation
U.S. Manufactured Aircraft Shipments and Billings
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GAMA and industry experts also reported the
previous slow increase in rotorcraft deliveries
improved in 2018 in both piston and turbine
segments.

Against these current conditions, the long-
term outlook for general aviation, driven by
turbine aircraft activity, remains stable. The
active general aviation fleet is projected to re-
main around its current level, with the de-
clines in the fixed-wing piston fleet being off-
set by increases in the turbine, experimental,
and light sport fleets. The total active general
aviation fleet changes from an estimated
212,875 in 2018 to 211,575 aircraft by 2039.

The more expensive and sophisticated tur-
bine-powered fleet (including rotorcraft) is
projected to grow by 15,255 aircraft -- an av-
erage rate of 2.0 percent a year over the fore-
cast period, with the turbojet fleet increasing
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2.2 percent a year. The growth in U.S. GDP
and corporate profits are catalysts for the
growth in the turbine fleet.

The largest segment of the fleet, fixed wing
piston aircraft, is predicted to shrink over the
forecast period by 25,645 aircraft (an aver-
age annual rate of -0.9 percent). Unfavora-
ble pilot demographics, overall increasing
cost of aircraft ownership, coupled with new
aircraft deliveries not keeping pace with re-
tirements 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 3.6 percent annually, adding
about 2,890 new aircraft by 2039, more than
doubling its 2017 fleet size.
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Although the total active general aviation
fleet is projected to remain stable, the num-
ber of general aviation hours flown is forecast
to increase an average of 0.8 percent per
year through 2039 from 25.2 million in 2017
to 30.3 million, as the newer aircraft fly more
hours each year. Fixed wing piston hours
are forecast to decrease by 0.9 percent, the
same rate as the fleet decline. Countering
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this trend, hours flown by turbine aircraft (in-
cluding rotorcraft) are forecast to increase
2.4 percent yearly over the forecast period.
Jet aircraft are expected to account for most
of the increase, with hours flown increasing
at an average annual rate of 3.1 percent from
2017 to 2039. The large increases in jet
hours result mainly from the increasing size
of the business jet fleet.
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Rotorcraft activity, which was not as heavily
impacted by the previous economic down-
turn as other aircraft and rebounded earlier,
faces the challenges brought by lower oil
prices, a trend which has been stabilizing.
The low oil prices impacted utilization rates
and new aircraft orders both directly through
decreasing activity in oil exploration, and
also through a slowdown in related economic
activity. However, significant use in other ac-
tivities such as air medical and training con-
tinues. Rotorcraft hours are projected to
grow by 2.0 percent annually over the fore-
cast period.

Lastly, the light sport aircraft category is fore-
casted to see an increase of 4.4 percent a
year in hours flown, primarily driven by
growth in the fleet.

2019
Calendar Year
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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 633,317
active pilots certificated by FAA at the end of
2018. All pilot categories, with the exception
of rotorcraft only and recreational only certif-
icates, continued to increase. The FAA has
currently suspended the student pilot fore-
cast for the second year in a row. The num-
ber of student pilot certificates has been af-
fected by two recent regulatory changes;
first, the 2010 rule that increased the dura-
tion of validity for student pilot certificates for
pilots under the age of 40 from 36 months to
60 months. The second one, which went into
effect in April 2016 removed the expiration
date on the new student pilot certificates.
The number of student pilots increased from
72,280 in 2009 to 119,119 in 2010. By the
end of 2016 they totaled 128,501 and with no



expiration of the new student certificates,
jumped to 149,121 by the end of 2017 and
167,804 by the end of 2018. The 2016 rule
change generates a cumulative increase in
the certificate humbers and breaks the link
between student pilot and advanced certifi-
cate levels of private pilot or higher. Because
the change is new, there is not sufficient data
yet to perform a reliable forecast for the stu-
dent 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
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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. Commercial pi-
lot numbers have been increasing for the last
two years, as well as the ATP numbers.

The number of active general aviation pilots
(excluding students and ATPSs) is projected
to decrease about 13,250 (down 0.2 percent
yearly) between 2018 and 2039. The ATP
category is forecast to increase by 25,755
(up 0.7 percent annually). The much smaller
category of sport pilots are predicted to in-
crease by 3.0 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 0.6 and 0.1 percent, respectively until
2039.
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FAA Operations

The growth in air travel demand and the busi-
ness aviation fleet will drive growth in opera-
tions at FAA facilities over the forecast pe-
riod. Activity at FAA and Contract towers is
forecast to increase at an average rate of 0.9
percent a year through 2039 from 51.8 mil-
lion in 2018 to close to 62 million in 2039.
Commercial operations’ at these facilities
are forecast to increase 1.5 percent a year,
five times faster than non-commercial opera-
tions. The growth in commercial operations
is less than the growth in U.S. airline passen-
gers (1.5 percent versus 2.0 percent) over
the forecast period due primarily to larger air-
craft (seats per aircraft mile) and higher load
factors. Both of these trends allow U.S. air-
lines to accommodate more passengers
without increasing the number of flights.
General aviation operations (which ac-
counted for 51.2 percent of operations in
2018) are forecast to increase an average of
0.4 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

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

8 Large hub is defined to have 1 percent or more
of total U.S. revenue passenger enplanements in
FY 2018. There are 30 airports in this category.
Medium hub is defined to have at least 0.25 per-
cent but less than 1 percent of total U.S. revenue
passenger enplanements in FY 2018. There are
31 airports classified as medium hubs.
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of the passengers, about 88 percent in 2018,
in the system fly to.

FAA & Contract Tower
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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 1.6 percent at large hubs,

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

10 FAA contract towers are air traffic control tow-
ers providing air traffic control services under
contract with FAA, staffed by contracted air traffic
control specialists.



1.3 at medium hubs, 0.5 percent at small
FAA towers and FAA contract towers be-
tween 2019 and 2039.

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.
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 1.1 per-
cent a year between 2018 and 2039. Com-
mercial operations accounted for approxi-
mately 59 percent of Tracon operations in
2018 and are projected to grow 1.5 percent

11 Tracon operations consist of itinerant Instru-
ment Flight Rules (IFR) and Visual Flight Rules
(VFR) arrivals and departures at all airports in the
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a year over the forecast period. General avi-
ation activity at these facilities is projected to
grow only 0.4 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 1.4
percent a year. Activity at En-Route centers
is forecast to grow faster than activity at tow-
ered airports because more of the activity at
En-Route centers is from the faster growing
commercial sector and high-end (mainly tur-
bine) general aviation flying. Much of the
general aviation activity at towered airports,
which is growing more slowly, is local in na-
ture, and does not impact the centers.

domain of the Tracon as well as IFR and VFR
overflights.



U.S. Commercial Aircraft Fleet

The number of aircraft in the U.S. commer-
cial fleet is forecast to increase from 7,397 in
2018 to 8,806 in 2039, an average annual
growth rate of 0.9 percent a year. Increased
demand for air travel and growth in air cargo
is expected to fuel increases in both the pas-
senger and cargo fleets.

Between 2018 and 2039 the number of jets
in the U.S. mainline carrier fleet is forecast to
grow from 4,241 to 5,197, a net average of
51 aircraft a year as carriers continue to re-
move older, less fuel efficient narrow body
aircraft. The narrow body fleet (including E-
series aircraft at JetBlue and A220-series at
Delta) is projected to grow 46 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
14 aircraft a year as carriers add 777-8/9,
787's, A350's to the fleet while retiring 767-
300 and 777-200 aircraft. In total the U.S.
passenger carrier wide-body fleet increases
by 3 percent over the forecast period.

The regional carrier fleet is forecast to de-
cline from 2,298 aircraft in 2018 to 2,022 in
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2039 as the fleet shrinks by 12.0 percent
(276 aircraft) between 2018 and 2029. Car-
riers remove 50 seat regional jets and retire
older small turboprop and piston aircraft,
while adding 70-90 seat jets, especially the
E-2 family after 2020. By 2031 only a handful
of 50 seat regional jets remain in the fleet. By
2039, the number of jets in the regional car-
rier fleet totals 1,877, up from 1,795 in 2018.
The turboprop/piston fleet is forecast to
shrink by 71% from 503 in 2018 to 145 by
2039. These aircraft account for just 7.2 per-
cent of the fleet in 2039, down from 21.9 per-
cent in 2018.

The cargo carrier large jet aircraft fleet is
forecast to increase from 858 aircraft in 2018
to 1,587 aircraft in 2039 driven by the growth
in freight RTMs. The narrow-body cargo jet
fleet is projected to increase by 7 aircraft a
year as 757's and 737-800's are converted
from passenger use to cargo service. The
wide body cargo fleet is forecast to increase
28 aircraft a year as new 747-800, 777-200,
and new and converted 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. With its dual mission of
regulating and also promoting the emerging
commercial space transportation industry,
FAA faces unique challenges.

The FAA licenses launches or reentries car-
ried out by U.S. persons 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 operated for and by NASA or the De-
partment of Defense). FAA does not license
or grant permits for amateur-class rockets,
which are unmanned rockets that have less
than 200,000 pound-seconds of total impulse
and cannot reach an altitude greater than
150 kilometers above the Earth’s surface.

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

e Maintains an effective regulatory
framework for commercial space
transportation activities by develop-
ing regulations and guidance,
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Provides guidance to prospective
commercial operators on how to com-
ply with regulatory requirements for
obtaining an authorization and oper-
ating safely,

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

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

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

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

Facilitates the integration of commer-
cial space launch and reentry opera-
tions into the National Airspace Sys-
tem (NAS) by coordinating airspace
use and regulatory oversight with air
traffic management and Federal
launch ranges,

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

Conducts outreach to the commercial
space industry by hosting working
groups and conferences,



e Collaborates with Government part-
ners, such as NASA, Defense Ad-
vanced Research Projects Agency
(DARPA), and the U.S. Air Force to
assure consistent approaches to reg-
ulation, 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 field of-
fices near active launch ranges to facilitate
communication with space launch operators
and to implement FAA'’s regulatory respon-
sibilities more efficiently. AST personnel are
currently assigned to four field offices in
close proximity to: Kennedy Space Center in
Florida, Johnson Space Center in Texas,
and Vandenberg Air Force Base and the Mo-
jave Air and Space Port in California. Due
to industry expansion, FAA is considering
additional field offices to accommodate the
anticipated increase in launch and reentry
operations in other parts of the United
States. FAA also directly supports NASA's
commercial space initiatives by providing
on-site staff at both the Johnson Space Cen-
ter and Kennedy Space Center to coordinate
the FAA’s regulatory and enforcement activ-
ities with NASA’s development and opera-
tional requirements for commercial space.

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 important activities per-
formed by FAA during this cycle. The most
notable activities are described here.
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Pre-Application Consultation for Licenses,
Experimental Permits and Safety 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 period,
FAA assists them in identifying potential ob-
stacles to authorization issuance and deter-
mining potential approaches to regulatory
compliance. The growth in both the number
of commercial space operators and the num-
ber of operations will likely increase FAA's
pre-application consultation workload over
the next five years. Furthermore, many new
operators are seeking to incorporate new
technologies, vehicle types, or operational
models that create challenges for FAA in de-
termining the applicable regulations or ap-
proach to regulatory compliance.

Licenses, Permits and Safety Approvals

An increasing number of applicants for li-
censes, permits, safety approvals, and re-
newals has a direct impact on the number of
launches and reentries at some uncertain
point in the future. 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 maturing, especially
those systems for human space flight mis-
sions. Furthermore, with the dynamic com-
mercial space industry, FAA often evaluates
launch and reentry systems and operations
that are evolving and changing, which may
ultimately require license modifications or is-
suance 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,
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
or payload determination becomes part of
the licensing record on which FAA'’s licensing
determination is based.

FAA also reviews and issues launch and
reentry site operator licenses and license re-
newals. FAA additionally reviews and evalu-
ates launch site license applications for
launch sites located in foreign countries but
operating with U.S.-licensed launch or
reentry systems. FAA coordinates 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 li-
censes, and site operator licenses, FAA also
conducts environmental reviews consistent
with its responsibilities under the National
Environmental Policy Act.

FAA anticipates issuing a growing number of
safety approvals for space launch systems
equipment, processes, technicians, training
and other supporting activities. FAA reviews
safety approvals to support the continued in-
troduction of new safety systems, safety op-
erations applications, and safety approval re-
newal applications.

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 and
capabilities of space flight crews to deter-
mine how human factors affect overall public
safety risk. As commercial firms become
more involved with human space flight ac-
tivity, FAA will evaluate, analyze, and deter-
mine the health risks to the space flight par-
ticipants (crew and “passengers”) due to nat-
ural and flight-induced launch and reentry
environments, as well as any hazardous
ground operations directly associated with
the flight. FAA will also need to evaluate the
safety of ground operations at spaceports
and exclusive-use sites.

Inspections and Enforcement

FAA currently conducts as many as 400 pre-
flight/ reentry, flight/ reentry, and post-flight/
reentry safety inspections per year, often
conducting several inspections simultane-
ously, at any of the approximately 20 U.S.
and international commercial space launch
sites. The establishment of non-federal
launch sites requires additional inspections
in areas such as ground safety that have tra-
ditionally been overseen by the U.S. Air
Force at Federal ranges. At spaceports and
launch sites with high launch rates (e.qg.,
Cape Canaveral Air Force Station, Vanden-
berg Air Force Base, the Mid-Atlantic Re-
gional Spaceport, and Spaceport America),
at least 85 percent of the inspections must be
conducted by locally-based field inspectors
in order to respond to a dynamic operational
tempo, minimize cost, and increase effi-
ciency.

Mishap Investigations

Recent mishap events have demonstrated
that FAA must have the capacity to investi-
gate at least two space launch or reentry mis-
haps or accidents simultaneously anywhere
in the world, and to lead/oversee as many as
six investigations during a single year. FAA
must have the capabilities and resources to



safely perform the investigations lasting as
long as 16 weeks at remote sites with limited
infrastructure or facilities. FAA must have
the capability and resources to efficiently re-
view all applicant mishap plans and accident
investigation procedures as part of the li-
cense and permit evaluation process.

NAS Integration

The FAA works in partnership across all its
organizations to ensure the safe and efficient
integration of commercial space operations
with aviation activities. This includes an in-
creased presence at the Air Traffic Control
System Command Center and other loca-
tions to assist in the strategic and tactical
planning of launch and reentry operations, as
well as to provide support during these oper-
ations. Further, FAA will continue the devel-
opment of technologies to facilitate safe and
efficient integration of commercial launch
and reentry operations into the NAS, includ-
ing technologies to improve the integration of
launch and reentry data into FAA air traffic
control systems and technologies to improve
the timely and accurate development and
distribution of notices of aircraft hazard ar-
eas.

FAA’s 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
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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.

e Because commercial spaceflight is a
highly dynamic and rapidly evolving
industry, it was quickly determined
that operator-provided data alone
were not a reliable indicator of future
activity. There is a natural, inherent
bias by industry to be optimistic
about their business prospects.
Consequently, FAA adopts a cau-
tionary view of what industry repre-
sentatives say will happen versus
what may reasonably be expected to
happen. A primary pillar of FAA's
forecasting methodology is to err on
the side of caution and take a con-
servative view of industry growth.
Therefore, in 2016, FAA began refin-
ing its forecasting methodology by
using observations about historical
launch activity to establish better
forecasting parameters for both new
applicants and existing operators.

Based on proprietary information available
to FAA, an increase in launch and reentry ac-
tivities expected in the coming years. There
are several factors that magnify the chal-
lenges associated with predicting the num-
ber of launches and reentries to expect in a
given year. They include:

¢ the list of firms intending to launch or
actually launch is dynamic,



e the continued development of new
technologies,
¢ launch rates for reusable launch vehi-

cles,

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 August of 2014 to 79 four years later, an
increase of more than 550 percent. New
technologies [e.g., reusable launch vehicles
(RLVs)] allow a faster operational tempo, and
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at the same time, early use of these technol-
ogies can increase the probability of a mis-
hap. A mishap can derail launch plans for
one or more firms. Investigations and subse-
guent “return to flight” for firms impacted by a
mishap can take months to years.

Taking these factors into account, the follow-
ing table and graph provide historical activity
and FAA's forecast through fiscal year 2021.



FAA Licensed and Permitted

Fiscal Year Actual/Forecast Launches and Reentry Operations
2013 Actual 20
2014 Actual 20
2015 Actual 14
2016 Actual 17
2017 Actual 22
2018 Actual 35
2019 Forecast 33-44
2020 Forecast 35-54
2021 Forecast 33-56

Notes:

1. Forecast entries represent the Low to High estimate.
2. Six mishaps in 2015 caused the number of launch and reentry operations to fall
significantly from the previous year rather than increase as expected.

FAA Licensed and Permitted Launch and Reentry
Operations
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L ]
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FY2012 FY2014 FY2015 FY2016 FY2017 FY2018 FY2019 FY2020 FY2021

s Actual 20 20 14 17 22 35
FY19-21 FAA Hi 44 54 56
—=== FY19-21 FAA Lo 33 35 33

Note: Forecasts are finalized the second quarter of the fiscal year.
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It is important to note that the operations in-
cluded in the forecast will occur at a variety
of locations throughout the National Airspace
System (NAS). That is, not all launch and
reentry activity occurs at one location, for ex-
ample, 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 Ocean
and one licensed launch from New Zealand.
Furthermore, the forecast above only ac-
counts for launches and reentries licensed
by FAA. It does not include launch activity
for the rest of the world, and it is not tied ex-
clusively 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.

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
Space Exploration Technologies Corp.
(SpaceX) successfully demonstrated the re-
usability of their rockets, a development that
could significantly reduce the cost of opera-
tions and lead to an increase in the number
of launch and reentry operations per year.
Other U.S. commercial entities are also pur-
suing the development of reusable launch
vehicles (RLVs). At the same time, state and
local governments are joining with commer-
cial firms to promote additional launch and
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reentry sites, and some firms are seeking to
establish launch sites for their exclusive 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 on suborbital
and orbital flights, companies and organiza-
tions are proposing to offer human space
flight training and several organizations have
already begun to provide this service. States
and municipalities have sought to open new
spaceports to attract commercial space
transportation and associated high-tech
firms and create business hubs for research
and development. Since 2008, the NASA
has managed the Commercial Resupply Ser-
vices (CRS) program, which acquires trans-
portation services from commercial providers
to deliver cargo to and from the International
Space Station (ISS). NASA is also working
with commercial companies under its Com-
mercial Crew Transportation Capabilities
contract to develop vehicles that will provide
transportation for astronauts and interna-
tional partners to and from the ISS. Com-
mercial Crew vehicles developed by
SpaceX and Boeing are expected to com-
mence test flights during 2019, followed by
crewed operational launches licensed by the
FAA. NASA is also seeking proposals from
industry for a program called Commercial Lu-
nar Payload Services. The commercial vehi-
cles used by NASA for cargo and crew trans-
portation will have other commercial applica-
tions that increase the capabilities of the
commercial space transportation industry as



a whole. In 2018, DARPA announced the
DARPA Launch Challenge, which incentiv-
izes the commercial space industry to design
launch systems with the ability to launch
small payloads to orbit on extremely short
notice, with no prior knowledge of the pay-
load, destination orbit or launch site, and do
it not just once, but twice, in a matter of days.
DARPA required launch operators to submit
applications in March 2019 and expects the
competition launches to occur at the end of
2019. Historically, prizes such as the Ansari
X PRIZE and the Northrop Grumman Lunar
Lander Challenge have caused a surge in
commercial space licensing activity, so we
expect the same from the DARPA Launch
Challenge.
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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.
Extensive FAA resources will be needed to
determine how these unprecedented com-
mercial space ventures will impact public
safety and U.S. national interests.



Unmanned Aircraft Systems

Over the last 5 years, unmanned aircraft sys-
tems (UAS) have been experiencing healthy
growth in the United States and around the
world. UAS consists of the unmanned air-
craft platform and its associated elements--
including communication links, sensors, soft-
ware and power supply-- that are required for
the safe and efficient operation in the na-
tional airspace system (NAS). While the in-
troduction of UAS in the NAS has opened up
numerous possibilities, it has also brought
operational challenges including safe inte-
gration into the NAS. Despite these chal-
lenges, the UAS sector holds enormous
promise. Uses may include modelers exper-
imenting with small UAS (sUAS), performing
numerous functions including aerial photog-
raphy and personal recreational flying. At
the same time commercial operators may be
experimenting with package and medical
supply delivery and providing support for
search and rescue missions.

This section provides a broad landscape
covering model and non-model aircraft!? and
their recent trends as gleaned from trends in
registration, overall market and operational
information. Using these trends and insights
from industry, the FAA has produced several
areas of forecasts for UAS. Forecasts re-
ported in this section are driven primarily by
the assumption of continuing evolution of the
regulatory environment (i.e., unconstrained
environment), the commercial ingenuity of
manufacturers and operators and underlying
demand, including business models. The

12 These are also called, interchangeably, hobby
and non-hobby UAS, respectively. In previous
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FAA will continue to enable the thriving UAS
industry, with the safe integration of UAS into
the NAS.

Trends in Model Aircraft and Forecast

The FAA's online registration system went
into effect on Dec. 21, 2015. This required
all UAS weighing more than 0.55 pounds
(250 grams) and less than 55 pounds to be
registered using the on-line system
(https://www.faa.gov/uas/get-

ting _started/registration/) or by using the ex-
isting (paper-based) aircraft registry. In May,
2017, a U.S. Appeals Court Order caused a
temporary halt in UAS registration. Subse-
guently, the registration requirement for all
model aircraft owners was reinstated in De-
cember 2017 with the 2018 National Defense
Authorization Act (NDAA). Despite the tem-
porary halt, registration’s pace continued be-
yond May, 2017. The latest FAA reauthoriza-
tion codifies the requirement [see
https://www.faa.gov/news/up-
dates/?news|d=91844 for more details].

With the continuing registration, more than
900,000 owners had already registered with
the FAA by Sept. 2018. Monthly owner reg-
istration averaged around 8,000-9,000 dur-
ing Jan.-Dec., 2018, with some expected
peaks during the holiday season and sum-
mer.

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

The pace of registration in 2018 slowed con-
siderably compared to 2016 and 2017.
Monthly owner registration now stands at
half of what was observed a year ago.

Model registration and thus ownership of
sUAS is distributed throughout the country.
Using the data as available in Sept 2018, a
spatial distribution of ownership by zip code
below demonstrates that SUAS continue to
be distributed throughout the country with
denser ownership mapping closely against
the population centers of the country, as ex-
pected.

13 This calculation involves taking into account re-
tirement, redundancy, and loss of craft corre-
sponding to ownership registration. As craft be-
comes sturdier and operators situationally aware,
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Unlike non-model counterparts, the registra-
tion rules do not require modelers to register
each individual aircraft; only owners are reg-
istered. Each owner registers, and each
owner might have multiple UAS. Exceptions
may be registered modelers with no owned
equipment.  Notwithstanding these chal-
lenges, there is information available for both
industry and academia, allowing us to under-
stand aircraft ownership. Furthermore, un-
der the sponsorship of the UAS Integration
Research Plan, the Agency has launched
various research activities to understand the
possible magnitude of the sector as well as
implications for likely aircraft that may be
used for model flying and safety implications
for the UAS fleet from gradual integration into
NAS. The forecasts presented use all avail-
able resources to analyze and forecast both
model and non-model activities in the U.S.

With over 900,000 modelers registered as of
December 31, 2018, we estimate that there
are around 1.25 million drones distinctly
identified as model aircraft. Comparing with
industry sales and other data noted above,
we conclude that model aircraft is almost 40
percent higher than ownership registration?s.
A comparison of last year’'s data with this
year’s (2018) shows that the annual growth
rate to be around 13 percent. This continues
to be substantial growth as anticipated from
the introduction of drones as a recreation ac-
tivity facilitated by falling equipment prices
and improved technology, such as built-in
cameras and relatively easy maneuvering.

we expect this rate to change dynamically over
time.



However, like in all other technologies includ-
ing hobby items, (e.g., cell phones and video
game consoles; and prior to that, video cam-
eras, and video players), the trend in model
aircraft is likely to slow as the pace of falling
prices diminishes and the early adopters
begin to experience limits in their experi-
ments or simply eagerness plateaus.

Total Recreation/Model Fleet

(Million sUAS Units)
year Low Base High
2018 1.25 1.25 1.25
2019 1.29 1.31 1.35
2020 1.31 1.35 1.44
2021 1.31 1.37 1.52
2022 1.32 1.38 1.59
2023 1.32 1.39 1.66

Given the trend in registration and market de-
velopments, we forecast that the model air-
craft market will saturate at around 1.4 million
units. However, there are still some upside
uncertainties due to further changes in tech-
nology and the likely event of continuously
falling prices. This yields to some upside un-
certainty in the forecast. We do not antici-
pate similar symmetry in low side as it paral-
lels to the growth in the base projection.
Nevertheless, we provide a forecast base
(i.e., likely) with high (or optimistic) and low
(or pessimistic) scenarios, provided in the ta-
ble above. The FAA projects, unlike in pre-
vious years, that this sector may have ex-
hausted downside risks; i.e., decline in regis-
tration beyond saturation as captured by
base forecast.

We use the trend observed in registrations,
particularly over the past year, expert opin-
ions collected in TRB annual workshops, re-
view of available industry forecasts, mar-
ket/industry research, and a time-series
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model on registration trends. Using these,
we forecast that the model fleet will likely
(i.e., base scenario) attain its peak over the
next 5 years, climbing from the present 1.25
million units to around 1.39 million units by
2023. The high/optimistic scenario may be
estimated at 1.66 million units over the next
5 years. As evident, the growth rates under-
lying these numbers are fairly steady in the
initial years but are diminishing faster in the
last 2-3 years. The gradual saturation that is
projected in 5 years and beyond in the model
aircraft fleet parallels other consumer tech-
nology products.

Survey of Non-Model Aircraft Owners

Before we describe non-model SUAS trends
and forecasting in the next section, we pro-
vide a brief overview of results from a proto-
type survey that the FAA undertook during
June-July, 2018. The results provide likely
growth path in the near future. The survey,
based on a well-tested questionnaire, was
sent by the FAA to individuals registered by
December 31, 2017 and conducting activities
under Part 107 (i.e., non-model or commer-
cial activities) in that year. The response rate
to the survey was approximately 8 percent
(7,400 responses from 89,000 contacted).
The survey was designed primarily to get a
snapshot of non-model/commercial mission
characteristics including location, types of
aircraft used, and altitude flown. In addition
to providing the FAA key data in understand-
ing operational characteristics of non-model
activities throughout the country, these key
metrics are also important for understanding
trends in non-model activities and likely
growth trajectory in the near future.



Registrants with one aircraft and those who
owned/operated multiple aircraft responded
almost equally as the figure above shows.
The average number of aircraft among multi-
ple registrants was around 3 with a margin of
error of + 0.2. Survey sample was repre-
sentative when checked against the popula-
tion from the Registry.

The survey reveals that most of the non-
model UAS are light UAS, those weighing 5
Ibs or less. This result was the same as in
the Registry. The figure below shows the
distribution among the responses from single
SUAS users:

A similar distribution is reflected in responses
from multiple aircraft owners, although the
weight of the classes are skewed more to-
wards the medium (5-24 Ibs) and heavy (25-
55 Ibs):
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Turning to distribution of ownership, we ob-
serve that almost 1 in 3 survey respondents
used one sUAS compared to 55 percent from
the population (i.e., the Registry). For those
who operate multiple sUAS, a large group
(54 percent) falls into the category of operat-
ing 2-9 sUAS, as compared to only 1 in 3 in
that category from the Registry or population
counts. For operators with over 10 sUAS,
survey response (15 percent) were closer to
what we observe in the Registry (12 percent).
This distribution provides valuable infor-
mation regarding the use intensity of SUAS
by both single and multiple owners.

Bigger variations are observed between sin-
gle and multiple sUAS when asked about in-



tensity of operations as captured by the num-
ber of missions*in 2017. Itis apparent from
the table below, the more one operates (i.e.,
multiple owners) sUAS, the more missions
they fly during the year; i.e., over twice as
many as the single operator. On average,
while a single operator flies 32 mis-
sions/year, multiple owner/operators flew
more than twice that number (82 missions,
on average):

Trends in Non-Model Aircraft and Fore-
cast

Unlike model ownership, rules for non-model
registration require owners to register each
SUAS, thus giving a one-to-one correspond-
ence between registration and aircraft. For
the calendar year 2018, more than 175,000
non-model owners/operators registered their
equipment. The pace of monthly registra-
tion, almost 15,000, is nearly 3-times higher
than the pace at which non-model aircraft
owners registered their craft during the same
time last year. While the pace of model reg-
istration ownership has slowed down consid-
erably, interestingly, the pace of registration
is accelerating for non-model counterparts.
By the end of 2018, there were more than
277,000 non-model aircraft registered since
registration opened.

Since the registration process has been
available through Dec 2017, over 4,600 air-
craft per month have been registered. This

14 Missions were described as a job or economic
activity consisting of many take-offs/landings.
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pace accelerated to 14,600 registrations a
month during the last year (2018). The non-
model sector is primarily commercial in na-
ture. It is dynamic and appears to be at an
inflexion point of demonstrating powerful
stages of growth. Unlike the model sector,
we anticipate that the growth rate in this sec-
tor will continue to accelerate over the next
few years. Since initiation of Part 107, there
has been proposed rule changes (see
https://www.federalregister.gov/docu-

ments/2019/02/13/2019-00732/operation-of-
small-unmanned-aircraft-systems-over-peo-
ple. The requirements would address oper-
ations over people, operations at night with-
out waivers and possibilities for waivers in-
cluding enhancement of operational efficien-
cies. They would also address more com-
mercial uses that will likely facilitate further
growth. Notably, a single point for submis-
sion of all operational information, including



https://www.federalregister.gov/documents/2019/02/13/2019-00732/operation-of-small-unmanned-aircraft-systems-over-people
https://www.federalregister.gov/documents/2019/02/13/2019-00732/operation-of-small-unmanned-aircraft-systems-over-people
https://www.federalregister.gov/documents/2019/02/13/2019-00732/operation-of-small-unmanned-aircraft-systems-over-people
https://www.federalregister.gov/documents/2019/02/13/2019-00732/operation-of-small-unmanned-aircraft-systems-over-people

registration, authorization, and accident log-
ging, helps facilitate this growth further
[https://faadronezone.faa.gov/#/].

As in the case of model UAS ownership, non-
model SUAS are distributed across the coun-
try. A spatial distribution of equipment regis-
tration (using data for September 2018)
demonstrates that non-model SUAS are dis-
tributed throughout the country with denser
activities mapping closely against the eco-
nomic or commercial activities of the country.

Last year, we forecasted that the non-model
sector would have around 229,400 sUAS in
2019, a growth rate exceeding 44 percent
from the year before (2018). Actual data far
exceeds that trend with over 277,000 aircraft
already registered by the end of 2018. Our
forecast of non-model sUAS last year thus

15 L ast year, this ratio (from base year of forecast
to end-year of forecast) was 4-times; i.e., we pro-
jected forecast to be 4-times the base year’s
(2017) numbers in 5-year.
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fell short by almost 80 percent for 2018 (or
277,000 actual aircraft vs 158,900 that we
projected last year). The significant growth
in this sector over the past year demon-
strates the uncertainty and potential of the
market.

Given the trend observed in the registrations,
information from the survey, review of avail-
able industry forecasts, and internal re-
search, together with market/industry re-
search, we project that the non-model fleet
by 2023 will likely (i.e., base scenario) be
three times larger than the current number of
non-model aircraft'®. As the present base
(i.e. cumulative total) gets larger, we antici-
pate the growth rate of the sector will slow
down over time. Nevertheless, the sector will
be much larger than what we understood as
recently as last year. Given the accelerated
registration over the last year, we now project
the non-model sUAS sector will have over
835,000 aircraft in 2023 (i.e., end of 5-year
period). Important to note here is that last
year’'s forecasted sUAS for 2022 (452,000
units) will be surpassed sometime towards
the later part of 2019 or early 2020 if the pre-
sent registration trend continues. This will
shorten the forecast outcome period by al-
most 2-3 years.

In order to understand the growth trajectory
of the sector better, we divide the non-model
sector into two types of UAS aircraft: con-
sumer grade and professional grade. The
consumer grade non-model aircraft are
priced in a wide range, somewhere below US


https://faadronezone.faa.gov/

$10,000 with an average unit price of around
$2,500. The professional grade is typically
priced above US $10,000, with an average
unit price assumed to be around $25,000%6.
For both consumer grade and professional
grade aircraft, the average price has been
falling over time, particularly over the last
three years. Currently, the consumer grade
dominates the non-model sector with a mar-
ket share approaching 95 percent. However,
as the sector matures and the industry be-
gins to consolidate, the share of consumer
grade non-model aircraft is likely to decline
but will still be dominant. By 2023, FAA pro-
jects this sub-sector will have around 85 per-
cent share of the overall non-model SUAS
sector.

Starting from a low base of around 13,000
aircraft in 2018, professional grade non-
model sUAS sub-sector stands to expand
rapidly over time, especially as newer and
more sophisticated uses are identified, de-
signed, and operationally planned and flown.
If, for example, professional grade sUAS
meets feasibility criteria of operations, safety,
regulations, and satisfies economics and
business principles and enters into the logis-
tics chain via delivering small packages, the
growth in this sector will likely be phenome-
nal. This growth trajectory may even be fur-

16 Because of this wide range in prices between
types of sUAS in commercial activities, start-up
cost for a business may vary somewhere be-
tween $2,500 and $25,000.

17 ow 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
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ther enhanced by, for example, the Low Alti-
tude Authorization and Notification Capability
(LAANC) system?’, which began authoriza-
tion in May, 2018. LAANC is designed to al-
low considerable flexibility in SUAS opera-
tions and facilitate non-modelers’ use of the
NAS. While most of the near-term growth in
non-model sUAS will continue to come from
consumer grade (over 90 percent), we antic-
ipate a significant part will come from profes-
sional grade non-model SUAS as well.

As non-model aircraft become operationally
more efficient and safe, battery life expands
and integration continues, new business
models will begin to develop, thus enhancing
robust supply-side responses. These re-
sponses, in turn, will pull demand forces
(e.g., consumer responses to receiving com-
mercial packages; routine blood delivery to
hospitals, search-and-rescue operations,
etc.) that are somewhat latent and at the ex-
periment stage, at present. Unlike a devel-
oped sector such as passenger air transpor-
tation, it is impossible to put a marker on “in-
trinsic demand” (or core demand), primarily
driven by economic and demographic fac-
tors, underlying this sector. Nevertheless, an
attempt has been made to capture the low-
range to the projected demand. Hence, we
provide the likely or base scenario together
with the enormous potential embodied in the

FAA approved UAS Service Suppliers (USS) are
checked against airspace data in the FAA UAS
Data Exchange such as temporary flight re-
strictions, 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/

“high” scenario, representing cumulative an-
nual growth rates of 25 percent and 36 per-
cent, respectively. In the event of unfore-
seen slowdown or obstacles, “low” scenario
projects a cumulative growth rate of around
17 percent annually.

Total non-Model Fleet
(no. of '000 units)
year Low Base High

2018 277 277 277
2019 369 400 426
2020 460 545 638
2021 552 711 932
2022 588 789 1,112
2023 603 835 1,290

Non-model SUAS are presently used for nu-
merous purposes. The survey of non-model
SUAS aircraft owners reveals their present
uses as follows:

Non-model sUAS are used extensively in
carrying out research and development
(R&D), and in training-education missions
(21 percent), followed by filming events in-
cluding weddings, entertainment and sports
(21 percent), industrial/utility and in environ-
mental projects such as aerial inspection (16
percent) followed by real estate (13 percent)
and in construction activities (8 percent). Ag-
riculture (7 percent) including crop inspec-
tion; and press and media (5 percent) come
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next. Increasingly, state and local govern-
ments are using sUAS for emergency ser-
vices including search-and-rescue opera-
tions and presently employ around 3 percent
of all non-model sUAS. As the sector grows,
we anticipate there will be many more uses
of non-model sUAS as they are increasingly
evident from the participants’ activities, for
example, under the Integration Pilot Program
(IPP). In May, 2018 the FAA awarded 10
communities, among a pool of 149 applica-
tions, [https://www.faa.gov/uas/pro-
grams_partnerships/uas_integration pi-

lot program/awardees/] to participate in the
IPP. IPP applications and preliminary data
indicate that awardees overwhelmingly plan
to undertake numerous commercial and pub-
lic interest activities.

One way of identifying early trends of non-
model sUAS uses is to analyze the waiver
applications granted to non-model sSUAS op-
erators. Both the magnitude and relative
composition of waiver types may indicate the
direction of the non-model sUAS sector as a
whole. A breakdown of the waiver requests
granted in December 2018 is shown in the
chart below:

Beyond what is presently allowed under ex-
isting Part 107, expanding non-model appli-
cations further would require waivers, to a
large extent, for night operations, (1 in 5
waivers) and operating limitations of altitude
(1.9 percent). Many of these waivers are
combined, and hence, total waivers granted


https://www.faa.gov/uas/programs_partnerships/uas_integration_pilot_program/awardees/
https://www.faa.gov/uas/programs_partnerships/uas_integration_pilot_program/awardees/
https://www.faa.gov/uas/programs_partnerships/uas_integration_pilot_program/awardees/

(over 2100 in December 2018) exceed 100
percent. The Agency issues these waivers
to facilitate commercial activities by non-
model sUAS while preparing for the next
round of regulations. New regulations seek
to amend the present waiver requirements.
(See https://www.federalregister.gov/docu-
ments/2019/02/13/2019-00732/operation-of-
small-unmanned-aircraft-systems-over-peo-
ple for current notice of proposed rulemaking
(NPRM) on operations of small unmanned
aircraft over people in certain conditions and
operations of small UAS at night without ob-
taining a waiver). Analysis of these waiver
applications allows us to understand the in-
dustry trends, one of many metrics essential
for understanding and projecting both the tra-
jectory, course corrections, and growth
trends of the sector.

Almost 50 percent of airspace authorizations
and waivers were approved for the controlled
airspaces at the end of December, 2018.
While over half of them were for class D air-
space (i.e., smaller airports with control tow-
ers), other classes were also requested and
regularly flown.

Survey responses show that while most of
the respondents routinely fly in Class G air-
space (almost 60 percent), there are quite a
few users, who fly within controlled airspace
facilitated by the airspace waivers.
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Finally, LAANC continues to routinely pro-
vide auto-approval. It has provided, so far,
over 47,000 auto-approvals for airspace ac-
cess requests, while sending over 7,000 for
further coordination. LAANC authorizations
are facilitated by combining 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 UASFMs are
used to inform requests for Part 107 airspace
authorizations and waivers in controlled air-
space.

Remote Pilot Forecast

An important final metric in non-model SUAS
is the trend in remote pilot (RP) certifications.
RPs primarily facilitate non-model sUAS


https://www.federalregister.gov/documents/2019/02/13/2019-00732/operation-of-small-unmanned-aircraft-systems-over-people
https://www.federalregister.gov/documents/2019/02/13/2019-00732/operation-of-small-unmanned-aircraft-systems-over-people
https://www.federalregister.gov/documents/2019/02/13/2019-00732/operation-of-small-unmanned-aircraft-systems-over-people
https://www.federalregister.gov/documents/2019/02/13/2019-00732/operation-of-small-unmanned-aircraft-systems-over-people
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

flights for commercial activities. As of De-
cember 2018, more than 116,000 RP certifi-
cations have been issued*®. Over 90 percent
of those who took the exam passed and ob-
tained RP certification. The RP forecasts
presented below are based on using two
data sources: (a) trends in total RPs; and (b)
trends in non-model SUAS registration and
forecasts of fleet. Given the trends in regis-
tration and our forecast of non-model fleet,
we assume that one pilot is likely to handle
2.4 units of non-model sUAS.

Using these assumptions and combined with
the base scenario of non-model sUAS fore-
cast, we project RPs in the graph below. Last
year, we projected RPs to be around
106,000 by the end of 2018; which fell short
by 10,000 by the end of 2018. However, the
registration of non-model sUAS far ex-
ceeded, as noted earlier, what we projected
last year.

Given these, we made the adjustment to RPs
per non-model aircraft, thus increasing it by
one more unit than last year. Despite this ad-
justment, RPs are set to experience tremen-
dous growth following the growth trends of
the non-model sUAS sector. Starting from

18 In our accounting of RPs, we take pilots who
passed the initial knowledge test plus current
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the base of 116,027 RPs in 2018, non-model
activities may require almost 350,000 RPs in
5 years, a three-fold increase, providing tre-
mendous opportunities for growth in employ-
ment associated with commercial activities of
UAS. Potential for RPs may enhance even
more if larger UAS are used in commercial
activities and urban air mobility becomes a
reality in the near future.

Urban Air Mobility

In Sept 2017, NASA launched a market
study for a segment crossing over some
functions of UAS discussed above. This seg-
ment of autonomous vehicles broadly called
Urban Air Mobility (UAM) is defined as “a
safe and efficient system for air passenger
and cargo transportation within an urban
area, inclusive of small package delivery and
other urban unmanned aircraft systems
(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). Studies sponsored by
NASA were undertaken by two consulting
firms and are presently under review from ex-
pertise within the government and academia.
Executive summaries of the two reports sug-
gest (https://www.nasa.gov/uamgc), broadly
speaking, the following: (a) UAS may play a
significant role in transforming short-haul ur-
ban air transportation, e.g., airport shuttle, air
taxi, air ambulance, last-mile parcel delivery,
etc.; (b) substantial financial and business
opportunities exist, but there are significant
technological, operational, and regulatory
challenges including issues involving public

manned pilots who took online training in lieu of
the knowledge tests.


https://www.nasa.gov/aero/nasa-embraces%20urban-air-mobility
https://www.nasa.gov/aero/nasa-embraces%20urban-air-mobility
https://www.nasa.gov/uamgc

perceptions and acceptance; and (c) gradual
integration of SUAS into the overall system
may facilitate integration of UAM by around
2030.

In order to understand and address the chal-
lenges identified by the studies, the new
Grand Challenge (GC) has been initiated,
under which NASA will host UAM ecosys-
tem-wide challenges in 2020. Under GC,
participants will be required to execute sys-
tem level safety and integration within oper-
ationally robust and relevant environments.
The goal of the first GC (GC-1), from a series
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of GCs, will be to “promote public confidence
in UAM safety and facilitate community-wide
learning while capturing the public’'s imagina-
tion” (see https://www.nasa.gov/uamgc for
more details).

As the sector grows and new initiatives are
taken, the Agency is keeping a keen eye on
understanding the overall trends.


https://www.nasa.gov/uamgc

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 short-term, by a number of fac-
tors including the strength of the U.S. and
global economies. Shifting international dy-
namics and impacts resulting from the U.S.
administration’s economic policies could
drive further changes. Also, as numerous in-
cidents in the past few years remind us, ter-
rorism remains among the greatest world-
wide risks to aviation growth. Any terrorist
incident aimed at aviation could have an im-
mediate and significant impact on the de-
mand for aviation services that could be
greater than its impact on overall economic
activity.

Although oil prices remained below $65 per
barrel for most of 2018, the recent volatility
reminds us there is still considerable uncer-
tainty as to the future direction of oil prices.
The FAA's baseline forecast (derived from
economic assumptions in IHS Global In-
sight’'s February 2019 U.S. macro forecast
and 30-Year Focus released during the
fourth quarter of 2018) calls for oil prices to
decrease to $59 per barrel in 2021 and rise
gradually thereafter. By 2031 oil prices are
projected to be $85 per barrel and approach
$100 per barrel by the end of the forecast pe-
riod in 2039. Some forecasters are calling
for a more gradual rebound in the price of oil.
In October 2018, the World Bank released its
latest commodity price forecast. The fore-
cast calls for oil prices to rise to $74 per bar-
rel in 2019, but then decline to $69 in 2020.
After 2020 prices rise slowly and reach $70
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per barrel 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 2019, sees oil prices rising approxi-
mately 3.5% per year between 2018 and
2050. By 2040, the spot price of oil ranges
between $166 per barrel (West Texas Inter-
mediate) to $174 per barrel (Brent), consid-
erably above the FAA base forecast of $98.
Over the long run, lower oil prices give con-
sumers an impetus for additional spending,
including air travel, and should enhance in-
dustry profitability. In the case where oil
prices turn out to be higher than the FAA
forecast, we would expect lower spending on
air travel by consumers, higher costs for fuel
to airlines and reduced industry profitability.

The baseline forecast incorporates the De-
cember 2017 U.S. tax cuts and some addi-
tional infrastructure spending in 2019 and
beyond. However, there is considerable un-
certainty as to the magnitude, timing, and na-
ture of these programs that ultimately deter-
mines the impact on the future growth of the
U.S. economy. In addition, how the U.S. will
engage with the rest of the global economy
over the next several years continues to be
evolve. Under the right conditions, a period
of sustained 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 eco-
nomic fragmentation, slower growth, and in-
creased financial instability.

The baseline forecast assumes that global
economic growth will slow in 2019-2021 from
its 2018 rate, as weakness in Europe and a
slowdown in China constrains global growth.



Thereafter, the baseline forecast assumes
that China and India will be growth engines
for emerging economies as China success-
fully transitions the economy from reliance
on heavy 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 appears to be slow-
ing from 2018’s level as the effects of the tax
cuts on demand begin to wane, and at the
same time there remains concerns about the
strength of demand in Japan and in the Eu-
ropean Union as these areas continue to be
constrained by structural economic problems
(high debt, slow population growth, weak
public finances for example) and the out-
come of political elections. Furthermore, the
actions taken to stabilize the global economy
during the Great Recession continue to ham-
per economic policy makers. In some of the
major advanced economies, concerns have
been expressed by some political leaders
that central banks have raised interest rates
too quickly and have hampered the recovery.
Additionally, governments in these econo-
mies need to shore up their finances and re-
cent actions have many analysts concerned
that policy makers will not take the steps
needed. There exists a non-trivial possibility
that authorities will either act prematurely or
be excessively timid and late in taking nec-
essary steps to maintain a healthy global
economy. The current forecasts assume
strong passenger growth for travel between
the United States and other world regions.
Further slowing of worldwide economic activ-
ity could seriously inhibit the growth in global
passenger demand.

The outlook for further consolidation via mer-
gers and acquisitions (M&A) appears to be
rather limited. Based on FY 2018 data, the
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top 6 (American, Delta, United, Southwest)
plus Alaska/Virgin and JetBlue accounted for
more than 85% of the U.S. airline industry ca-
pacity and traffic. For many low cost carriers,
the sheer size of merger transactions or the
amount of risk associated with a merger
makes further merger activity unlikely. For
the network carriers, it is unclear how regu-
latory authorities will respond to any future
proposed mergers.

The forecast assumes the addition of sizable
numbers of large regional jets (70 to 90
seats) into the fleet of regional carriers. How-
ever, network carrier consolidation and new
rules on pilot training have left regional carri-
ers saddled with either excess capacity or a
lack of pilots. Although air travel demand
continues to recover, the bankruptcy filing of
Republic Airlines in February 2016 is a re-
minder that financial pressures on regional
operators have not abated. Network carriers
continue to adjust the size and breadth of
their networks. In many cases there are not
opportunities for regional carriers to backfill
the loss of the mainline service. Delta is well
along in its plans to reduce its small (read 50
seat) regional jet fleet and brought its total to
just 119 at the end of 2018, down from al-
most 500 at the end of 2009. United has
reduced the number of small regional jets
flown by its partners from an estimated 380
in 2012 to 304 by the end of 2018. However,
it plans to add 9 more small regional jets to
its fleet in 2019 as part of its latest expansion
plan. Meanwhile American has trimmed its
small regional jet fleet by 93 aircraft since the
beginning of 2015 from 297 to 204 aircraft
and has plans to retire an additional 19 air-
craft in 2019, and a further 12 in 2020. At the
same time the carrier plans to add 31 larger
regional jets to its fleet in 2019, and 13 more
in 2020. While these actions may provide



some opportunities for well positioned re-
gional carriers, the overall impact of consoli-
dation so far has been to reduce opportuni-
ties for regional flying substantially.

After suffering through a significant down-
turn in 2009, partial recovery of business and
corporate aviation continues. The future
pace of the recovery in business and corpo-
rate aviation is based largely upon the pro-
spects for economic growth and corporate
profits. Uncertainty in these leading indica-
tors poses a risk to the forecast, but the risk
is not limited to these factors. Other influ-
ences, such as potential environmental reg-
ulations and taxes do not seem to be as
much of a concern in the short term, but over
the long term, uncertainties about the direc-
tion of these influences may place downward
pressure on the forecast. On the other hand,
the close relationships between corporate
profits and purchase of business jets have
been weakened since 2009. Increases of
the past few years in real corporate profits
have not translated into demand for new
business aircraft yet, possibly because of
perceived economic and political uncertain-
ties. With the U.S. administration’s emphasis
on policies designed to stimulate economic
growth and limit regulation, and the favorable
terms of the new tax law, companies are feel-
ing more optimistic about their future pro-
spects that can translate into additional busi-
ness jet sales. The impact of fuel price
movements on business aircraft demand is
also uncertain. Overall, the positive effect of
declining fuel prices on corporate profits
transforms to increased demand for busi-
ness aircraft. However, business aircraft de-
mand from energy related industries will be
negatively impacted if fuel prices remain low
(by historic standards) for an extended pe-
riod in the future.
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Other factors, such as new and more efficient
product offerings like supersonic business
jets serve to broaden the potential of the in-
dustry and can make corporate jet travel look
increasingly appealing.

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 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.

While overall activity at FAA and contract
towers increased 2.9 percent in 2018, activity
at large and medium hub airports (60 in total)
increased 2.3 percent in 2018 and delays re-
mained at historically high levels at many
U.S. airports. FAA forecasts operations at
these airports to grow substantially faster
than the overall national trend. As demand
continues to grow and workload increases,
congestion and delays could become critical
limits to growth over the forecast period.
FAA's forecasts of both demand and opera-
tions are unconstrained in that they assume
that there will be sufficient infrastructure to
handle the projected levels of activity.
Should the infrastructure be inadequate and
result in even more congestion and delays, it
is likely that the forecasts of both demand
and operations would not be achieved.

Increasing concerns about aviation environ-
mental impacts could potentially limit or de-
lay the ability of the aviation sector to grow to
meet national economic and mobility needs.



Airspace modernization and airport expan-
sion or new construction are often conten-
tious because of concerns over noise, air
guality, and water quality. Community con-
cerns about aviation noise have led to in-
creasing levels of public debate, political in-
terest, and even litigation. Without effective
measures to mitigate and abate aviation
noise, the infrastructure projects and air-
space redesign efforts needed to achieve
aviation growth may be delayed. The envi-
ronmental noise and emissions issues asso-
ciated with overflight operations also present
global challenges. In addition to providing
economic benefits, technologies to improve
aircraft fuel efficiency and reduce fuel con-
sumption provide benefits in terms of re-
duced emissions; many technologies that im-
prove fuel efficiency also provide reduced
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noise. 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. Continued ad-
vancements in technologies that result in im-
proved fuel efficiency, reduced fuel con-
sumption, noise reduction and reduced emis-
sions are also required to ensure that access
restrictions or operating limitations are not
imposed on the in-service fleet, which in turn
may depress growth.



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 10-year opti-
mistic and pessimistic forecasts from their
February 2019 Baseline U.S. Economic Out-
look were combined with the optimistic and
pessimistic forecasts from their Fall 2018 30-
year U.S. Macro forecast. Inputs from these
alternative scenarios were used to create a
“high” and “low” traffic, capacity, and yield
forecast.

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 a high
and low case.

Scenario Assumptions

The FAA's domestic baseline forecast as-
sumes that economic growth remains close
to trend over the next few years as both con-
sumer and business spending provide sup-
port. Recent tax cuts result in some near-
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term stimulus but in the medium term, head-
winds result from slower federal government
spending. Oil prices remain moderate by his-
toric standards and there are no external
shocks.

The FAA'’s high case forecast uses IHS Mar-
kit's optimistic forecast. The optimistic fore-
cast sees stronger overall growth driven
mainly by an increase in productivity in a low
inflation environment. This results in
stronger real wage growth and an improved
employment outlook, leading to increased
consumer spending. Confidence is high and
the stock market sees strong gains while the
unemployment rate remains slightly lower
than in the baseline scenario. Stronger im-
ports accompany the increased domestic de-
mand but exports rise faster with improving
foreign economic conditions.

In this scenario, real personal consumption
expenditure (PCE) per capita growth aver-
ages 0.5 percentage points faster per year



than the baseline forecast and unemploy-
ment averages 0.3 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, a broad loss in confidence and
growing aversion to risk leads to drops in a
wide range of investment and consumer
spending categories to end the expansion in
the U.S. The economy suffers a three-quar-
ter recession in 2020 and GDP growth aver-
ages 0.2 percentage points lower than in the
baseline over the first ten years of the fore-
cast.

Rising housing prices have left the real-es-
tate market vulnerable, and a slowdown
turns into a decline, as real-estate prices cor-
rect and confidence plunges. Then, a grow-
ing sense of unease marked by declines in

19 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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consumer confidence and an inverted yield
curve stresses financial markets, resulting in
sharp declines in asset values and broad-
based declines in business fixed investment.
Negative wealth effects and employment de-
clines lead households to sharply curtail their
spending early in 2020. By the end of 2020,
housing and consumer spending start to turn
back up, but recover only tepidly, while busi-
ness fixed investment turns up more strongly
and leads the recovery. Oil prices rise faster
than the baseline throughout the forecast.

Real PCE per capita in this scenario grows
0.4 percentage points slower per year than in
the baseline; and unemployment, on aver-
age, is 0.6 points higher on an annual basis
than in the baseline.
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U.S. Unemployment Rate
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goods prices causing the optimistic CPI to
rise similarly to the baseline. Inthe pessimis-
tic case, energy prices, wages and import
prices all rise more rapidly compared to the
baseline.
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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 1.8 percent a year over the fore-
cast horizon of 2019-2039 (with domestic
and international passengers increasing at
rates of 1.6 and 3.0 percent, respectively).

In the optimistic case, enplanements grow at
a quicker pace, averaging 2.5 percent per
year (up 2.4 percent domestically and 3.4
percent internationally). This scenario is
marked by a more favorable business envi-
ronment and lower fuel prices which make
the price of flying more affordable to busi-
ness and leisure travelers. By the end of the
forecast period in 2039, system passengers
in the optimistic case are 15.4 percent above

the baseline, totaling 1.5 billion, 201 million
greater than in the baseline.

The pessimistic case is characterized by a
period of weakened consumer confidence
combined with a contraction in real estate
and financial asset markets, leading to
higher interest rates, and curtailed invest-
ment and consumer spending. In this sce-
nario, enplanements grow an average of 1.3
percent per year (domestic up 1.1 percent
and international up 2.6 percent). Inthe pes-
simistic case, system passengers in 2039
are 9.9 percent below the baseline case, to-
taling 1.2 billion, or 130 million fewer than in
the baseline.
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Revenue Passenger Miles

In the baseline forecast, system RPMs grow
at an average annual rate of 2.2 percent a
year over the forecast horizon (2019-2039),
with domestic RPMs increasing 1.9 percent
annually and international RPMs growing 3.0
percent annually.

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

growth averaging 2.8 percent per year (do-
mestic and international RPMs up 2.6 and
3.4 percent, respectively).

In the pessimistic case, the combination of a
slower growing economy and higher energy
prices result in RPM growth averaging 1.7
percent annually with domestic markets
growing 1.4 percent a year while interna-
tional traffic grows 2.6 percent annually.
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In the base case, system capacity is forecast
to increase an average of 2.1 percent annu-
ally over the forecast horizon with growth av-
eraging 1.8 percent annually in domestic
markets and 3.0 percent a year in interna-
tional markets.
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In the optimistic case, capacity grows at a
faster clip than in the baseline forecast, aver-
aging 2.8 percent annually system-wide (2.5
and 3.4 percent for domestic and interna-
tional markets, respectively). Carriers in-
crease capacity compared to the baseline
forecast to accommodate increased travel



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 1.7 percent

annually (domestic growth of 1.3 percent an-
nually and international up 2.6 percent annu-

ally).

System Available Seat Miles
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Load Factor

System load factors over the 20-year fore-
cast period are relatively similar for all three
forecast scenarios. System load factor rises
from 83.9 percentin 2019 to 85.0 (optimistic),
84.8 (pessimistic), and 84.9 (baseline) per-
cent in 2039, respectively.

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 84.9 percent to 86.6
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percent in all three scenarios, optimistic, pes-
simistic and baseline.

The international load factor is forecast to
hold steady near 81.5 throughout the period
in the pessimistic scenario and rise slightly to
81.6 percent in the baseline and optimistic
scenarios. This reflects in part the relative
growth in demand and capacity in the three
(Atlantic, Latin, and Pacific) international re-
gions under each scenario.



Yield

In the baseline forecast, nominal system
yield increases 1.6 percent annually, going
from 13.69 cents in 2019 to 18.94 cents in
2039. In domestic markets, yield in the base-
line forecast rises from 13.67 cents in 2019
to 18.96 cents in 2039. International yield
rises from 13.73 cents in 2019 to 18.89 cents
in 2039.

System vyield rises in the optimistic case at
the same rate as in the baseline, up 1.4 per-
cent annually to 18.20 cents by 2039. Do-
mestic yield increases to 18.08 cents while
international yield increases to 18.48 cents.
The modest growth in yield in both cases is
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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 2.4 percent annually, reaching
21.92 cents by 2039 (22.05 cents domesti-
cally and 21.66 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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Appendix B: FAA Forecast Accuracy

Forecasts, by their nature, have a degree of
uncertainty incorporated in them. They in-
volve not only statistical analyses and vari-
ous scientific methods, but also judgment
and reliance on industry knowledge and the
forecaster’s experience to incorporate indus-
try trends not yet reflected in recent results.
The FAA's annual Aerospace Forecast is no
exception. Given the volatile nature of the
U.S. airline industry, it is not surprising that
each year’s forecast would contain a certain
degree of forecast variance. Therefore, FAA
forecasters have tried to build forecast mod-
els that give a consistent and predictable pat-
tern of results. Analysts relying on the fore-
casts produced by the models would then be
able to adjust for the predictable variance
from actual results.

The table below presents an analysis of the
variance from historical results for a primary
forecast assumption along with five key fore-
cast metrics during the FY 2010-2018 fore-
cast period. Although many of the forecasts

20 |t should be noted that the first forecasted year
for each respective fiscal year is that very same
year. Therefore, FY 2010's first forecasted year
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prepared for the period examined were de-
veloped while the U.S. airline industry was
going through upheaval, the FAA’s forecast
methodology remained consistent during this
time. For this reason, inclusion of prior peri-
ods in an analysis of forecast variance might
lead to inconclusive or inaccurate implica-
tions about the accuracy of FAA’'s current
forecast methodology.

The table below contains the mean absolute
percent errors for the projected values ver-
sus the actual results for U.S. carriers’ sys-
tem operations along with the projected val-
ues versus actual results for U.S. GDP.
Each metric has five values showing the rel-
ative forecast variance by the number of
years in advance the preparation of the fore-
cast took place. For example, the “3 Years”
column for ASMs shows that the mean abso-
lute percent error was 5.0 percent for ASM
forecasts prepared 3 years in advance. For
the period under examination, preparation of
the forecasts for FY 2010 through FY 2018
occurred in FY 2006 through FY 2017.%°

is FY 2010, and the third forecasted year is FY
2012.



U.S. AIR CARRIERS
SYSTEM SCHEDULED PASSENGER ACTIVITY
FORECAST EVALUATION

Mean Absolute Percent Error (Combined FY 2010 - FY 2018)

(Forecast Variance from Actual)
Forecast Performed Years Prior to Actual

2 Years 3 Years 4 Years 5 Years

Forecast

Variable
1 Year
U.S. Real GDP 1.0%
ASMs 0.8%
RPMs 0.9%

0.7%
2.6%
0.8%

Passenger Enplanements
Mainline Domestic Yield
Commercial Operations at FAA/Contract Towers

7.9%
8.7%
7.4%
7.6%
8.7%
10.9%

9.5%
12.3%
10.2%
10.0%
8.7%
16.2%

2.8%
2.1%
1.7%
1.6%
5.3%
2.9%

5.5%
5.0%
4.2%
4.3%
7.8%
6.6%

*Total - scheduled and nonscheduled commercial plus noncommercial

Presenting forecast variances from actual
data in such a manner simplifies a review of
longer-term trends. Typically, one would ex-
pect the variances to increase as the forecast
year is moves away from the year the fore-
cast is prepared. Presenting forecast vari-
ances in this way allows an examination of
changes in the relative variances by time
horizon, signaling when dramatic shifts in ac-
curacy occur.

Examination of the forecast variances re-
veals several items. First, the forecast vari-
ances for GDP, a key exogenous variable,
are similar to the variances of the key traffic
measures, Passenger Enplanements and
RPMs. This suggests that a substantial
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amount of the forecast variance for the traffic
variables is attributable to the forecast error
in the exogenous variables. Second, all the
metrics examined have increasing variances
as the forecast time horizon lengthens.
Third, the variance in the Commercial Oper-
ations at FAA/Contract Towers relative to
ASM variance is stable for the 2 to 5 year out
horizon. This suggests that beyond a 2 year
forecast horizon carriers are able to accom-
modate changes in capacity by means other
than adjusting operations. Many carriers
have been systematically reducing the num-
ber of smaller regional jets in their fleets, re-
placing them with larger 70-90 seat aircraft.
This has allowed carriers to increase capac-
ity without increasing flights.



Appendix C: Forecast Tables

71



%6'T
07¢9¢

%6'9-
59'85

%9'T
szL'ov

"H10 ‘Hlp

%0'¢C %8'1
8'09¢ §'65¢C

%C'S- %LET-
TL°6S 1509

%9'T %L'T
79s‘or  sovor

410 @Y€ Y10 "dNT

0¢0¢ ¥v3A 1vOSI4

%1'C
€'85¢

%T'L
8L79

%L'T
eT’or

410 "1ST

%9°C
(OAST4

%Y°6
S6°€9

%8'1
090°0v

410 ‘Hlp

%1€
€'99¢

%9°69
¢S'29

%' 1
988°6€

%6°0
7RS4

%0°9€-
6L'VS

%60
0SL'6€

410 @Y€ Y10 "dNT
6T0C ¥V3A 1VOSI4

%8'T
8'¢S¢C

%1°8€-
SC'T9

%6'C
€99°6€

410 "1ST

%0°C
L'TS¢C

%L'TT
¥0°'69

%L'C
08€6€

410 ‘Hlp

%L'T
5°0S¢

%Y'6€
VL9

%1€
[44 %33

%S°€
v'eve

%'y
88'T9

%1°0-
88°8¢

S1SVI3HO04 DINWONOJ3 INHIAL-LHOHS 'S'N

T 319Vl

%E'€
(WA 74

%E"L8
S9'99

%C'€
GE8°8E

41D @Y€ "Y1D "‘dNT 'H1D “1ST
8T0C ¥V3A 1VOSI4

14BN SHI :924n0S

91ey |enuuy paisnipy Ajjeuoseas
(00T sienba ¥8-z86T)

Xapuj 914d JSWNSuo)

98ueyd JeaA Jano Jeap
(1944eq 43d siejjoq)
98eJany - 150D uonisinbay siauyay

98ueyd JeaA JaN0 JedA

(s z107)

ejde) Jad ainypuadx3y

uonndwnsuo) |euosidd |eay
379VI4VA JIWONOI13

72



1BJJBIA| SH] :994N0S

%S'T %T'T %E'T %8'T 6€-610C
%6°C %ET %TT %8'T 62-6T0C
%8~ %0°C %0°C %9°C 6T-8T0C
%0°C- %LT %L'T %C'C 81-010C
UIMoJ9 [enuuy SAY
6£°86 S6'€E vT6'1S S90°LT 6£0¢
G868 cs'e LET'SY 6897 ¥€0T
ov'08 6T°€E 989t 805°TT 620¢
11799 68T 60TV 7Tsot 20t
€909 o4 0v86€ LT6'ST 610C
1SedJaJ04
0L°€9 05T Tv0'6€ TEV'ST 38T0C
91°8Y vr'e €0€'8€ TV6'LT L10T
TT'6€ 6€°C 819°LE LLSLT 9107
6995 LE'T 798°9€ TOE'LT STOC
19, LT'T v9TvE 00S'ST 010¢
e310ISIH
(121eq 4ad sie|joq) (00 T=t8-786T) ($ zt02) ($ zT0Z Ssuolig) dV3IA TVISIHH
IOVHINY X3aNI V1IdVD ¥3d IYNLIANIdXI 1DNA0¥d D1LSINOA
1SOD NOILISINDDY  321¥d ¥INNSNOD NOILdINNSNOD SSOYD 1v3Y
SYINI4IY TYNOSY3d 1v3y

S1SVI3404 DINWONOJ3 IWHIL-DNO1 °'S'N

¢3igvl

73



%8°C
%6'C
%6°C
%0°€

STY'viT
qreLTT
vy TTT
Sv2'96
8L5'€8

8vC'18
TTL'8L
L0T'9L
STTYL
8919

ardom

%0V %8°C

%S’V %L'C

%L’V %L'T

%1'S %8'T
vL8'€9 v1S'6
L9EYS 1618
895'aY €90°L
98.°9¢ 7609
95€'6¢ vev's
8108t €€E’S
0TL'9C 19T's
¥0v'ST €9T°S
LYT'YvT TLT'S
98T 019v

ANV1v3IzZz OJIX3aN

/ VISV ¥3IHL1O0
/ VNIHD / NISv4

(AlyauolA 1sedauo4 wiidiu|) sa|gel syusuodwo) ddo ‘©31Sgam 1jJelA SH| :924n0S

JHHI1DVd / NVdVr
(s4ejjo@ "S'n STOT 40 suol||ig uj)
12NAao¥d J11SINOA SSOUD

NOID3Y TIAVYHL A8 S1SVI3IHOd ddO TVNOILVNYILNI

1Sv3 31adInN
YA RINEL
/ 3d0oyn3

M3N / VIIVYLISNY  / Nv3ggidvd
/ VIIY3AV NILY

€319vl

%6°'T
%0°C
%S'T
%6'T

0L6°9€
¥99°€€
¥95°0€
899°/C
a8T'st

4%°3 74
TOErT
069°€C
GIT'ET
19T'1C

%6'T
%6'T
%6'T
%1C

8EV'C
97T'T
GEO'C
€98'T
189°T

0591
LT19T
0LST
€9G°T
96€T

VAVNVO

6€-610¢
6¢-610¢
61-8T0¢
8T1-0T0¢C

UIMOJI5 [enuuy SAY

6€0¢
v€0¢
6¢0¢
44014

610¢
15833104

38T0¢

L10¢

910¢

s10¢

0T0¢

|[E21103SIH

dV3IA 4VANITIVI

74



%91
%S'S
%E9
%L

Sr9've
€TE'6C
SLT'VT
qTL'ST
€60VT

LST'ET
9ev'CT
09911
916°0T
89tL

VNIHD

(Alyruo\ 1sedeu04 wiuLlu|) sa|gqel syusuodwo) dao ‘931SgaM 1INJ.IA SH| :924noS

%60 %S'T %E'T %6'T 6€-6T0C
%0'T %S'T %E'T %8'T 6¢-6T10¢C
%80 %60 %C'T %€ 6T-8T0¢
%0'T %6'T %E'T %C'C 8T-0T0¢
UIMoJ9 |enuuy SAY
€LV'S L8T'Y 6TC9T 10C'€E 6€0¢
L9T'S 8/8'¢ €97'ST 08T°0€ €0¢
LEO'S 16G'E 0CEVT vSe‘LT 6¢0¢
S9L'v 0ze'e 86€'CT 6V8'1¢ c0¢
LSy 160°€ 9/8°CT 788°te 6T0¢
15822104
GESY €90°€ 8CTr'tT €9€CT 38T0¢
20SY (4403 [{\YAras 19L°TT LT0C
LTV'Y 896'C 206'TT 9/T7'1¢ 9T0¢
06€'v ST6'C 8/9'TT w60t STO¢
6.1V 0€9°C T102'TT €S/8T 0T0¢
[EPINT
NVdVI INOASNIX dNOZ0OdN3 (V14VN) dV3IA 4VANITVO

d3aLliNn VOId3INY

H1Y4ON

(siejjo@ 'S’n STOT 4o suol|jig u)
12Nd0oyd J11S3NO0QA SSOUD

SIIYLNNOD/SVYIYV Q3103135 — SLSVYIIYO4 daD TVNOILVNYILNI

v 31avl

75



"S13141eD) U1V [BUOIBDY PUE BUI|UIBIA 'S’ JO WINS,

‘uoipelsodsuel] jo Juswiiedaq ‘S'N “D-867 PUe T SWI04 :924n0S

%C'C %0°€ %6°'T %8'T %0°€ %9°'T 6€-6T0C
%0°¢C %6°C %9°T %S'T %L'C %E'T 6¢-6T0C
%EV %C' € %8V %C'V %0°C %SV 6T-8T0C
%1°€ %S¢ %E'€ %L'C %C'E %9°¢C 8T-0T0¢C
UIMOJD [enuuy BAY
€191 0¢s ¥60°T SOET 8T 0CT'T 6€0¢C
€EV'T (4% 786 8/T'T LST 120°T €0¢
€LT'T 98¢ 988 S90°T €€l €€6 6¢0¢
EVT'T (0133 €18 086 €TT £98 7¢0¢
v0'T 06¢ SSL LT6 0T 918 6T0C
15839104
T00°T T8¢ ocL 088 00T 8L 38T0¢
SS6 TLC 789 8 L6 L LT0¢C
8¢6 S9¢ €99 0¢8 €6 9¢L 9T0¢
068 T9¢ 6¢9 LB8L 06 969 ST0¢C
98L T€C 569 (474 LL S€9 0T0¢
TESTIOTTH
V10l TVNOILYNY3ALNI  JILSINOA V10l TVNOILVNY3ILNI J11Sanod 4V3IA TVOSId
(suol||ig) SITNA YIONISSYd INNIATY (suol||IAI) SINIININVTINT HIONISSVd INNIATY

J144VH1 43IONISSVd 'S'N A31NA3HIS 1V10L
(SYIIFYYVI IV TVIDHIININOD *S°N

S 31avl

76



6178
818
L'V8
'8
6'€8

8'¢8
ER S
G'€e8
v'es
818

4010V
avol %

%C'C
%0°C
%EV
%l'E

€197
EEV'T
€LTT
VT
vv0‘T

T00T
5596
8¢6
068
98L

(ug)
SINdY

I3ILSAS

%L'C
%61
%l'v
%8°C

106°T
069°T
€0S°T
vSeET
1444

S6T'T
vrTT
AN
L90T
196

(1g)
SINSY

9’18
S'T8
S'18
S'18
S'18

S'T8
0’18
908
L08
1°¢8

avon

%0°€E %0°€E
%6°'C %6'C
%T'E %€
%S°'C %9°C
0zs LE9
(% 1SS
98¢ YLy
0€€ Sov
06¢ =3
18¢ 43
142 gee
Y4 6C€
19¢ 143
1€ 18¢
4OL10V4 (g) (g)
%  SINdY  SIASY
TYNOILVNYILNI

"SI9144eD 41y [BUOISSY pue auljuleA ‘SN 4O wns,
‘uoneyiodsuel] Jo uswiiedsq ‘SN ‘O-86¢7 PUe T SWI0H :924n0S

998
798
198
LS8
6178

L'V8
S8
L'V8
S8
L'18

4010V
avol %

%6'T
%91
%81
%E'E

¥60°T
¥86
988
€18
SGL

0cL
¥89
€99
6¢9
SGS

(mg)

SINdY
JILS3INOd

%81
%S'T
%S’V
%8'C

6€-610¢
6¢-610¢
61-8T0¢
81-0T0¢

UIMOJD |enuuy SAY

v9C'T

6ETT

6C0T
816
688

0S8
608
€8L
1474
649

(g)
SINSY

SYO1OVd4 AVO1 ANV D144VHl ‘ALIDVdVYI ¥4IDN3SSVd AITNAIHIS

(SUIYUVYD HIV TVIDHININOD 'S°N

9319vl

6€0¢
v€0¢C
6¢0¢
vcoc

610¢
35eJ3104

3810¢
L10¢
910¢
S10¢
0T0¢

|B21101SIH

HV3IA VOISl

77



"SI3144BD U1V [EUOISDY puB BUI|UIBIA 'S JO WNS,
‘uofeliodsued) Jo juawiiedad ‘SN ‘D-86¢ PUB T SWJ04 :924n0S

%0'€E %tC %8'€E %9°C %0°€E %C'C %S'€E %ET 6€-6T0C
%6°'C %t'C %E€E %6'C %L'C %C'T %6'C %S'C 6¢-610C
%€ %6'C %LT %LV %0°'C %6°0 %E'T %TY 6T1-810C
%S'C %0°€E %0'S %0 %T€E %0 %E'S %80 81-0T0C
UIMoJ9 |enuuy SAy
615 veT 66T 96T ¥8T 1T (1[4 3% 6€0C
(4% 11T €97 9/1 LST 61 66 6€ 143014
98¢ 86 43y 9gT €€T LT 18 X3 6202
0€€ L8 90T LET €11 o1 L9 1€ 20t
06¢ LL S6 LTT 40 €T 19 LT 6T0C
1Sed3.04
18¢ SL €6 4% 00T €1 09 9z 3810C
142 L 06 90T L6 1 89 Y4 LT0T
S92 €L L8 SOT €6 1 S v 910¢
19¢ L €8 LOT 06 1 r43 ST ST0T
T€C 65 €9 60T LL €T oY ¥4 010¢
[EEREST
(ng) (119) (19) (ng) (1) (1) (A1) (1) dv3A TVISHH
TYNOILYNYILINI  DIH41DVd  VIIMIAY DILNVILY TVYNOILYNYILINI  DIHIDVd  VIOIYIAY DILNVILY
V101 NILVT V10l NILV1
SATIA HIONISSVd INNIAIY SINININYIINI HIONISSVd INNIAIY

J14dVH1 YIONISSVd TVYNOILVYNYHILNI *S*N d3TNA3IHIS 1V10l

(SUIIHYVYI HIV TVIDHIININOD *S°N

£319V1

78



"‘epeue) 1Jodsued] WOy PaAIadaJ OS|e e1ep
92J3WW0) o Juswyiedaq Aq paseajas pue passad0.d elep UOI1I9)10.4d JapJog 18 SWOoISN) SN :224n0S

%'€E %E'E %9°€E %S'€E %0'€E 6€-6T0C
%E"€E %Y'€E %0'Y %T'€E %0°€E 6¢-610C
%6'€E %€ %L'€E %9'€E %917 61-8T0C
%9'S %S'¥ %8°'S %C'9 %¥'S 8T-0T0C
UIMoJ9 [enuuy SAY
16V 29 06 8.1 19T 6€0¢
9T¥ 14 LL LYT ovT ¥€0¢
1S€ St 99 114} 0zt 620C
¥6¢ 8¢ S 00T 4] 20t
7S¢ 143 4% 68 68 6T0C
1522404
4”4 1€ 137 98 G8 3810¢
[4X4 6¢ 187 8 6L LT0T
0z¢ 8¢ 6€ 6L SL 910¢
80¢ LT 9¢ SL 0L ST0C
8ST 44 LT €S 99 010¢
|ed103SIH
V101 43QYOISNVYL JI419vd VOI43AV NILVT  DILNVILY 4V3IA YVYANITIVD
YAvNvd/'s'n

(Suol|INl) VIY¥V 13IAVYL ATYOM A9 SYIONISSVd 1V.LOL

SALVLS @3LINN FHL NOY4/01 J144VHL HIDNISSVd TVLOL

SYIIYYVYI HV14 NOIFHO4 ANV 'S'N

8319Vl

79



"SI314IBD 1Y [BUOISSY PUE SUI|UIBA "S'N JO WINS,
‘uoppeyodsued) Jo Juswiedaq ‘S'n ‘D-867 PUe T SWJ04 :224n0S

€9€7'T 8'918C 1°9/6 0TLI v'LTe 0°ZST 6€0C
v'9TC'T 9'998'C €96 0'89T Al T44 v'6vT 43014
9'v6T'T 1°L06'C 5056 6791 6'vCT 6971 620¢
€/91T L'E€6'T 8L€6 191 SE€TT o1 20t
G8ET'T L'0S8C T'ST6 0°LST 1°02¢ 80V 6T0C
1Se29.10
L9ET'T 9'918'C €76 T9ST 61T 6'6€T 3810¢
9'SET'T 9'86.'C 6816 €SI TLTT 8LET LT0T
TIET'T 8'€€8'T TET6 G IST 8YTT 8VET 910¢
OTET'T 9'768'C L2706 0'6vT 8VIT SIET ST0T
TYOT'T 0'886'C 8.8 L6€T v'9TC 81T 0102
|e21I03SIH
(sa1N) (sa1n) (sa1In) (311NI/51835) (a11NI/51835) (31IN/s1eas)  "V3IA VIS
INILSAS  TVNOILVNY3LNI  DI1SINOQ INILSAS TVYNOILYNYILINI  DJILSINOA
HL1ONI1 dI¥L YIONISSVd IOVHIAY I1IN L4VHDYIV ¥3d SLVIS IDVHIAY

HLON3T dIYL HIONISSVd ANV 1IN L1VHIYUIV H3d SLV3S

SNOILJINNSSY 1SVJ3HO04 ,SHAIYHVI HIV TVIDUININOD 'S'N

6319Vl

80



‘uoneyiodsued] jo Juswiiedsq 's'N ‘T W04 192405

%T'T %0°E %6'T %8'T %T'E %9'T 6€-6T0C
%0°C %6'C %9'T %9'T %8'T %Y1 62-6T0C
%E Y %T'E %8 %TY %6'T %9 6T-8T0C
%E'E %t'T %8'E %S'E %T'E %9°€ 81-0T0C
UiMoJ9 |enuuy SAy
vev'T 91¢ 8.6 180T 08T 106 6€0¢
9ze'T 1% 088 VL6 zstT r44:] v€0C
LLT'T 8¢ €6L 6/8 6CT 0S. 620¢
950'T 143 8TL 908 60T L69 Z44
96 L8T 9/9 ¥SL 86 959 6T0C
1sedal04
26 8LT Sv9 €L 9 LT9 3810C
188 69¢ z19 689 €6 S69 LT0T
7s8 79¢ 06S G99 06 /LS 910¢
qT8 65¢C 959 0€9 L8 €75 STOC
0TL 0€T 08v 8vS L €LY 010C
TesuoIsIH
INILSAS TYNOILYNYILNI  DJILSINOQA INILSAS TYNOILYNYILNI  DILSINOQ Yv3A TVISH
(suoiig) (suoljin)
SITNA YIDONISSVd INNIAIY SINIWINVIINI ¥IONISSVd INNIATY

J14dVH1l 4IONISSVd AIT1NAIHIS

SHUIIYUVI IV INIINIVIA 'S "N

0T 319Vl

81



'S8
198
0's8
878
€18

T8
6'€8
8°¢8
L'€E8
S'¢8

4010v4
avol %

%C’'C
%0°C
%EV
%E'€

v6v'T
9CET
LIT'T
9501
796

1449
188
S8
S18
0TL

(mg)
SINd Y
INILSAS

%C'C
%6'T
%1V
%l'c

€SL°T
8GG°T
G8€T
SYT'T
YTT

860°T

6v0°T

LTOT
€/6
098

(n1g)
SINSY

%00 %0°E %0°E
%0°0 %6°C %6°C
%00 %T'E %T'E
%1°0- %tr'T %S'T
918 919 z€9
9’18 Ta% LYS
S'18 8¢ 0LV
S'18 143 r40)%
S'18 L8T 41
S'18 8LT 1873
118 69¢ TEE
L08 79t 743
808 65¢ 1C€
T8 0€T 64T
4010V4 (ma) (ma)
avol%  SdY SISV
TVNOILYNYILNI

‘uoneyodsuel] jojuswiiedaq ‘S'n ‘T W04 :924n0S

/L8
T'/8
898
€98
§'98

€98
'S8
€68
1°s8
LC8

4010v4
avol %

%6'T
%91
%81
%8°¢

8L6
088
€6L
8¢L
949

SS9
19
069
959
08y

(ng)
SINd Y
JI1S3NOQ

%8'T
%S'T
%S’V
%b°e

T2T'T
TIT0'T
v16
3725
16L

95/
8TL
69
€99
189

(ng)
SINSY

6€-610¢
6¢-610¢
61-8T0¢
8T-0T0¢

JIMOJD [enuuy SAY

6€0¢
veoc
6¢0¢
veoc

6T0C
15832104

38T0¢
L10¢
910¢
ST0¢
0140]4

|e21103SIH

dV3A VIS

SYOLIV4 AVO1 ANV Jl44VHL ‘ALIDVdVI YIDNISSVd AIT1NAIHIS

SYUIIYHVI HIV ANIINIVIA "S°N

TT319vl

82



‘uofrelsodsued] Jo juswiiedaq ‘S'N ‘T WJ04 :224n0S

%T'E %C'C %S'E %E"C 6€-6T0C
%8°'C %C'C %0°€ %S'C 6¢-6T0¢C
%6'T %60 %T'T %C'v 6T-8T0C
%€ %¥'0 %S'S %80 8T-0T0¢
UIMOJD [enuuy SAY

9'6LT 6'0¢ S'qTT ey 6€0¢
7'CST L'8T 8’76 8'8¢ 7€0¢
6'8CT L9T viL 8'v¢e 6¢0¢
6'80T 611 6'C9 T'T€E ¥¢0¢
186 Vet SWAS T'LC 6T0¢

15e29104

¢'96 €€t 699 0'9¢ 3810¢

S'€6 6'€T L'VS 8¢ LT0C

6'68 ol S'1S 72 44 9T0¢

L8 ol 9’81 9'v¢ ST0C

9'vL 6'CT CLE Sve 0T0¢

TESTIOTSH

Tv1i0Ll Jl410vd VOI43AIV NILYT JIINVILY HV3A VIS

(1IN) SINININVIANT YIONISSVd INNIAIY

SLNIW3INVIdNI 4IONISSVd TVNOILVNYILNI A3TNA3IHIS

SHUIIYUVI HIV INIINIVIA 'S'N

¢1 319vl

83



L'18
L'18
L'18
LT8
L'T8

LT8
8
6'€8
S°¢8
T'v8

40O.10VA

SINSV ~ dVO1 %

%€  %0°€E

%6'CT  %6'C

%TE  %CE

%r'T  %S'T

918 919 z€9

918 % LYS

SI8  ¥8¢ oLy

S'18 8T€ rd0)%

S'18 L8T 41

S'18 81T 18%3

118 69¢ T€€

L08 79¢ Y43

808 65¢ 1743

rar4: Sl Y4 64C

4oLovd  (mg)  (m9)
avol% SdY

TYNOILYNYILNI

SYOLIOV4 AVO1 ANV D144VHL ‘ALIDVdVYI HIDNISSVd AIT1NAIHIS

%V°C
%V°C
%6°C
%0°€

174"
11T
86
L8
LL

SL
SL
€L
TL
69

(i)
SINY
JI410vd

%V°C
%V'C
%6°C
%P'E

(4!
9¢l
T
90T
S6

6
16
L8
98
0L

(na)

SINSY

T°¢8
T°¢8
T°¢8
1°¢8
1°¢8

1°¢8
€8
7’18
€08
6L

4O010vA
avol %

%8°€
%P°E
%91
%0°S

961
09T
6CT
0T

€6

16
88
S8
18
9

(T19)

SINdY

%8°¢
%€
%97
%St

8€¢
14"
LST
9¢T
€Tt

111
L0T
70T
T0T
8L

(mg)

‘uopeyodsued) jo juswiiedsaq ‘SN ‘T W04 :924n0S

0’18
0’18
0’18
0’18
018

0’18
S'6L
0'8L
008
6°¢8

4010vA

SINSV VOl %
VOI43INY NILVT

SNOI93Y 13AVYL TVNOILVNYILNI AG

SUIIYYVI HIV INIINIVIA *S°N

€T 319Vl

%9°C
%6°C
%LV
%0

961
91
991
LET
LTT

(49’
90T
SOT
L0T
60T

(ng)
SINdY
JILNVILY

%9°C
%6°C
%LV
%L0

e
LTC
€6l
0LT
14"

8ET
VET
VET
€et
TET

(n1g)

SINSV

6€-6T0C
6¢-610¢
61-8T0¢
81-0T0¢

UIMOID [ENUUY BAY

6€0¢
€0¢C
6¢0¢
veoc

6T0C
15839104

38T0¢
L10¢
910¢
Sto¢
oT0¢

|e2L03ISIH

HV3IA TVOSIA

84



‘uopeyiodsued] jo juawiiedaq ‘SN ‘T WJo4 :224n0S

€161 L'0€C 0'18¢ L'88T 0'8S¢ SVLT 6€0¢
6'88T 9'6C¢ TLLe 7981 G'SST V'L €02
¥'98T 9'87¢ S'ELT L'€8T 0'€ST €0LT 620¢
€€8T WA44 L'69¢ 18T S'0S¢ 8'/9T 20t
S'6LT €t 0'99¢ L'8LT 0'8¥7¢C 8'79T 610¢
1SeJ39404

6'8LT €€TT 7'S9¢ T8LT WAZ4 Yot 3810¢
€LLT 8'1C¢ VAT v'9LT v'Eve €791 L10T
T'SLT 8'6T¢ 9'99¢ T'vLT L'Tve 6'6ST 910¢
8'€ELT S'6TC T'2Le 6'€LT 0'LET L'LST STOT
69T 6°02¢ TL8¢ L'TLT L'TET 0'ZST 0T0T
|ed0]SIH

(a11n/s1e3S) (a11n/s1e3S) (a1/siess)  (3]1IN/s1eas) (e1n/s1e3s) (a1n/s31838) dv3A VIS

INILSAS vi0ol Jl410vd VOIYIAV NILVT  DIINVILY J11S3noa
TYNOILYNYILNI

TN 1dVHIYUIV ¥3d S1V3S

SNOILAINNSSY 1SVI3HO04 H31HYVYI IV ANITINIVIA 'S°N

v1319vl

85



78€T
79€'T
6EET
OTET
6LT'T

LLT'T
6LT'T
€8C'T
67T
96T

(sa11A1)
INILSAS

TL8T
86T
SL6T
0T0‘E
86T

68T
S/8°C
L16°C
696C
LLO'E

(sa11AI)
v.iOoL

SNOILJINNSSY 1SVJ3HO04 4314¥VI HIV ANIINIVIN *S°N

1€6'S €69'T
916'S G89'T
988'S 699'T
ws's 8¥9'T
1SS 119'T
8€9'S €09'T
€LE'S 2091
9/1'S 0S9°'T
080°S 699'T
L8S'Y 099'T
(sa11A1) (sa11N)
JIHIDVd  VDIYIAY NILY1
TVYNOILVNYILNI

H1O9N31 dI41l YIDNISSVd IDVHIAV

ST 319Vl

.Co_umtoa sueJ] Jojuswii edag ‘S'N ‘T WJo4 :324n0S

9rSy
€75y
€8Y'y
'y
0TE'Y

66V
8LT'Y
16C'Y
9€E’y
EEV'Y

(sa1N)
JILNVILY

G80°T
TL0T
8S0'T
Sv0'T
7e0'T

6¢0°T
870T
LT0T
€701
ST0T

(sa11A1)
J11S3noa

6€0¢
7€0¢
6¢0¢
veoc
610¢

15832104

3810¢
L10¢
910¢
ST0C
0T0¢

[EJ1I0ISIH
4Vv3IA TvOSId

86



‘uopeyiodsued] Jo juawiiedaq ‘SN ‘T W04 :224n0S

%9°0- %9'T %9°0- %9°'T %9°0- %L'T 6€-6T0C
%S0~ %L'T %9°0- %L'T %S"0- %L'T 6¢-6T0C
%¥'T- %S0 %9°0- %E'T %8'T- %T°0 61-810¢
%L"0- %T'T %0'T- %L'0 %S°0- %C'T 81-0T0C
UyiMoJo |[enuuy SAY
A4 0C'6T 86'TT G6'8T wa €€'61 6€0¢
€9°CT 8.1 6€°CT 14 WA 09°CT 6'LT 7€0¢
06'CT 9'9T 9L°TT 8791 96'CT G591 6¢0¢
0C'€T 60'GT ET 6611 v ET €1°GT 20t
79°€T 68°€T 7S€T 8L'E€T 99'€T €6°€T 610¢
1SeJ2.404
78°€T 78°€T 09'€T 09°€T 16°€T 16°€T 3810¢
€6°€T 09°€T 0C'€T 68°CT STl 16°€T L10T
vTvT 79°€T 9r'ET 88°CT 65 VT 96'€T 910¢
6€'GT 6SvT v6'v1 9Tv1 09'ST 6L 1T ST0C
851 69°CT VLT ¥8°CT 67T 29°CT 0102
[B21I0ISIH
(sauad) (swua)) (swua)) (sua)) (swuad) (swuad) EVE L NE!
S8TOZ A4 S INIHYND S 8TOC A4 S INIHHYND S 8TOZ A4 S INIHHND
INILSAS TYNOILVYNYILNI JI1S3IN0Ad

3TN 4ION3ISSVd H3ad INNIATY

SA13IA 4ION3ISSVd

SNOILJINNSSY 1SVJ34O04 3144V IV INIINIVIA 'S'N

9T 319Vl

87



‘uoneiodsued) o 3uswiiedaq ‘S'n ‘T W04 :224n0S

%9°0- %9°'T %S°0- %LT %8°0- %y'T %S0~ %L'T 6€-6T0C
%9°0- %LT %S°0- %L'T %8°0- %S'T %S°0- %8'T 62-610C
%9°0- %ET %9°0- %t'T %8°0- %T'T %S°0- %S'T 6T-810C
%01~ %L°0 %S'T- %8°0- %0°'T- %80 %0~ %S'T 8T-0TOC
UiMoJ9 |enuuy SAY
00°CT S6'8T LS0T 69°9T 96°TT 68°'8T S6°CT S0t 6£0¢
8€CT 9°LT 18°0T 6€'ST 8y'CT 9LLT 8TET 68'8T ¥€0T
GLTT 8791 90°'TT ARl 86'CT 85°9T 19°€T 6€LT 620C
TTET 6671 vETT 96'CT 0S'€T €Y'ST 96°'€T S6'ST ¥20T
IS'€T 8L'ET 99'TT 68'TT 90'vT vEPT TEVT 65 7T 6102
]1Sedal0o4
09°€T 09°€T €LTT €LTT 8T¥T 8T¥T 8EYT 8EVT 3810¢
0TET 68°CT €9'TT 9¢€'TT OL'€T 8E'€T 06'€T 85°€T LT0T
9t'€T 88'CT wa 69'TT 6T €T e Syt €8°€T 910¢
v6'vT 9T'¥T 6'€T 0TET LT'ST 8EVT ST ¥9'vT STOT
YL YT ¥8'TT 9epT 0s'CT 1€'ST €EET €971 €LTT 0T0T
(RS
(saua2) (swu=2) (sau=2) (saua2) (saus2) (saua2) (swus2) (sau=2) 4v3A VIS
$8TOZ A4 S INIYYND $8TOT A4 S INIHYND S 8TOZ A4 S INIYYND $8TOT A4 S INIHEND
TYNOILYNYILINI TVLOL J1410vd VOIYIAY NILYT JILINVILY

TN 4IDONISSVd d3d INNIATY

NOIS93Yd A9 SAT3IA YIDONISSVd TVYNOILVNYILNI

SNOILJINNSSY 1SVI3HO4 H31HYVI HIV ANIINIVIA 'S'N

LT 319V1

88



%C0
%S0
%61
%V

Tv'tee
Tesce
veeee
68°90¢
vT1T1e

vL0C
§9'991
60°€ST
roce
[4WA4T4

(sua))

%S°C
%8°C
%6°¢
%L 0-

61°05€
LToce
0L°€8¢
9¢'s€e
8€'qT¢

v L0t
9L'T91
LY IvT
96'80¢
6t°'6TC

(swua))

S LT0T A4 S INI¥YND

W31LSAS

%C'0 %S°¢C
%S0 %8¢
%6'T %6°€
%VC- %L°0-
¢9'cee 0T'¢se
vi'9ce co'eee
ot'€cc §¢'S8¢
10°L0¢ G 9€¢
6€'CTC 99'9T¢
LE'80¢ LE'80C
99'v91 6/4°091
S9'€qT T0°LVT
8€'€CC LLTTT
§8'¢S¢ ¢1°oce
(swua)) (sua))
S LT0T Ad S INI¥YND
TVNOILVNYILNI

uoneuodsued] jojuswiiedaq ‘S'N ‘T WJo4 :924n0S

S3J1dd 13Nd 13r1

%C0 %S°¢C
%S0 %8¢
%6'T %6'€
%V C- %L0-
9.'0¢¢ 9T'6vE
SSvee €E'6TE
6G'TCC L8'C8¢
8¢°S0¢ LS'VEC
19°0T¢ SLYTC
€9'90¢ €9'90¢
¢C991 T€C9T
LL7CST LT9VT
G9'8T¢ 6C°L0C
8L°TS¢ 9T'6T¢
(swua)) (sa))
S LT0T A4 S IN3I¥YND
J11Sanoda

6€-610¢
6¢-610¢
6T1-8T10¢
81-0T0¢

U1MOJD [enuuy SAY

6€0¢
7€0¢
6¢0¢
¥7¢0¢

610¢
1sedal04

38T0¢
L10¢
910¢
ST0¢
0T0¢

[eo103SIH

4V3A VOIS

SNOILdINNSSY 1SVYI3HO04 H3IHUVI dIV ANIINIVIA °'S'N

8T 3149Vl

89



%E'€
%E'€
%8S
%C'C

G998
6L
99L79
99.°CS
6SC'SY

6SLTY
981'6€
vvL'SE
69L°SE
888'GE

V101

%0t
%EV
%99
%0°C

0£9°€9
6ET'ES
178'ey
L0S'SE
7618

L669C
SYSve
TLeee
89Tt
S90°€T

“T.ANI - JI1S3NOa

(suollin)
SINLY TV10L

U] "ssaidx3 auioquly apnpul puoAag pue €00Z WOI4 S3INBYY d1saWOQ,

*Si9144ed 3e|} ud19404 404 SI2144eD *S'N AQ 9D1AISS J0eIU0D JO Sulodal
M3U 3pnjpul puoAaq pue €00z 4104 $a4nd14 |eUOIIRUIDIUIL dU| ‘SSDIAXT BUJOQJIY SPN|IXD Z00Z YSno4yl 000z Wod} saindiy ansawoq,

"SI91NWWI0I/S|eUOIZa. PUE SIDLLIED JIe BUI|UIBW UO S3|IW U0} 3NUSASI |lew pue ssaidxa/1ysiauy sapnjoul,

%9°T
%1
%S’V
%9°C

S6LTT
€08°0¢
7681
09¢'LT
L9Y'9T

T9L°ST
T79'v1
TLE'ET
T60°€T
€78°CT

%S°C
%L'C
%C'S
%81

€TLST
TITVT
AN AN
026°0T
G856

11’6
LES'S
605,
971’8
T16'L

V101

%8'C %60
%1€ %9°'0
%S'S %L€E
%T'C %00
€GL'ET 096'T
9/7'TT GEQ'T
080T LT
8976 7591
L6°L 8€9'T
43 08S‘T
8569 65T
91’9 €LET
099 GSY'T
z€€9 08S'T
ANl J11S3NOoa
(suoluAl)

SINLY H43144VD 4IONISSVd

%S¢
%S'€
%09
%EC

zsL'oL
7€8'6S
€¥C'0S
LY8'TY
vL9'GE

LY9'EE
6t9°0€
veT'seT
Ev9'LT
9L6°LT

V101

uonepodsued) jo juswiiedaq 's’n ‘T wio4 :924n0S

%S’V
%L’V
%L'L
%6'T

L16°6Y
¥98°0v
TY0'ce
6€C'9C
S8'0¢

S9t'6T
L8S'LT
9€7'9T
800°9T
€ELIT

“1.LNI
(suoruAl)

%L'T
%S'T
%9’V
%6°C

GE8'0C
896'8T
10T°LT
809°GT
678'VT

[4:1 %2
790°€T
866'TT
9€9'TT
EVTTT

JILSINOd

SINLY 4314HVD ODHVI-11V

¢ 2 :STTIN NOL INNIATY 0DYY) YIV

SHUIAIYYVYI HIV TVIDHIWINOD "S°N

6T 319Vl

6€-6T0C
6¢-610¢
61-8T0¢
81-0T0¢C

JIMOJD [enuuy SAY

6€0¢C
7€0¢C
6¢0¢
444

6T0¢C
15879104

38T0¢
LT0¢C
910¢
STo¢
0T0¢

[B21I0ISIH

4V3IA VIS

90



"s131u1ed Se|y u19.04 404 SI3LLIED "S°N AQ 9D1AI3S 10RIIUOD JO BUII0ADS MBU SPNPUI PUOAS] pue 00T 404 S3INBL,

"SI9INWIWOD/S[BUOISSI PUE SIDLLIED 4B BUI|UIBW UO S3|IW U0} SNUIAJ [lew pue ssaidxa/3ys1aly sapnpul,

uoneuodsued] Jojuswiiedaq 'S'n ‘T Wio4 :924n0S

%0t %1'S %EY %8°0 %€
%E'V %8'S %'y %0 %E’€E
%99 %06 %TL %T'E %SV
%0°'C %9°'C %8'C %6°0- %CT
0£9'€9 6ET'TT €78'st ST €9v'vT
6ET'ES ¥9TLT ¥97'1¢C 6TTC 165°CT
178'sy T9L'ET €6T'LT LL6'T 068°0T
L0S'SE 0£9°0T 129°€T L98'T 0S€'6
76L°8T qT8'L 69T‘TT S06°T v68°L
1669 9T ot 98T ¥SS'L
SYSve L58'S 666 689°T 190
TLETT 9T€‘S 7588 G9G'T 6€99
89Tt 75€'s 8106 6€9°T 6999
S90°€T 098'S 8ve‘s 166°T 5989
(SNOImIY) (SNoImInY (SNoImTInY (SNoImInY (SNoImTInY)
VL0l TYNOILVYNYILNI JI410vd VOI43NY NILV1 DILNV1LY
Y3H10

6€-6T0¢
6¢-610¢
6T-810¢
81-0T0¢

JIMOJD [enuUY SAY

6€0¢
v€0¢C
6¢0¢
|g4eré

610¢
35833104

38T0¢
L10¢
910¢
S10¢
0TOC

[EJ1O1SIH

dV3A VOIS

z¢NOID3Y A8 ST NOL INNIATY OOUVI HIV TVYNOILVNYILNI

SUIIYUVYI IV TVIOHININOD "S°N

0c3igvl

91



%1
%9°0
%E"C-
%9°T

L6T'S
L'y
LOV'Y
9T’y
SYT'y

e’y
QST'Y
€L0Y
Ev6'e
TeL's

S13r

Tv1iO0L VNOIS3Y

%666~
%0°0
%8'8¢€-
%L’V

0¢
09
09
09

86
86
L6
66
TL

S13r

%C'T
%9°0
%V'1-
%9'T

L6T'S
L'y
LYVEY
99Ty
G800V

EvT'y
LSOV
9L6'€
vr8'c
199°€

S13r
ERXAA

%9°C
%P
%" L-
%10

018
60,
819
0TS
L8V

9¢s
LTS
LTS
€¢S
[44°]

V101

V/N V/N %9°C %0°'T
V/N v/N %t'C %¥°0
V/N V/N % L- %SG°0-
%0°00T- v/N %Y'T %8'T
0 0 018 L8EY
0 0 60L €10V
0 0 819 6CL'S
0 0 0TS 959°¢
0 0 &34 86S‘E
0 0 9zs L19°E
0 0 LTS ovs‘s
LT 0 06Y 6SP'E
1€ 0 6 TCE'S
137 6 0LY 6CT'E
ANIONI ¥ 3INIONI € 3INIONI ¢  1VIiOL
AQ093dIM 394V
14VHOUIV 131 4ION3ISSVd

V/N V/N
V/N V/N
V/N %00
V/N %6°CC-

o O o oo
- O O O O

- O O O O
00 N AN —

INION3I ¥ 3INIONI € 3INIONI ¢

AQOEMOYYVN IOV

SHIIYUVI IV IANIINIVIAL °S°N

1¢319vl

%0°'T
%0
%S°0-
%61

LBEY
€10V
6CL'E
999°¢
L6S'E

919°¢
6ESE
LSY'E
61€E
0TT'E

6€-6T0¢
6¢-6T0¢
61-8T0¢
8T-0T0¢

UIMoJo |enuuy SAY

6€0¢
22014
6¢0¢
veoc

610¢
15829104

3810¢

L10¢

9T0¢

S10¢

(014014

[E31101SIH

HVIA HVANITVI

92



%6°C
%S°C
%9'€
%10

L8ST

€9€T

6€T'T
L6
688

8598
gs8
018
68L
0S8

1v101

%l'€
%6°C
%L
%L0

VAN
866
LV8
8¢L
6€9

569
69
¥SS
LES
299

V101

%0°T-
%L0
%8°9¢
%1'C-

S8
OTT
4y’
€TT
0T

8
S8
LL
L
L6

%l L-
%C 0"
%0°L¢C-
%L €E-

ve

€0t
90T
90T
80T

81
6v1
6v1
99T
00¢

%L’V
%6'€
%0°LT
%l'v

990°T
S8L
6¢9
609
LTy

S9¢
09¢
8¢e
60¢
S9¢

%S°C
%9'T
%617
%11~

[4%%
S9¢€
¢6¢
14744
0S¢

€9¢
19¢
949¢
[4°T4
88¢

INIOSNI ¥ 3INIONI € 3INIONI ¢ 1VIOL

AQOg3dIM 394V

V/N V/N

V/N V/N

V/N %0°0

V/N %S TC-
0 0
0 0
0 T
4 (o]
r4 qT
4 ST
r4 91
r4 61
r4 44
1€ 0T

%6°C
%C'C
%E"S-
%19

av
S9¢€
T6¢
[44
€eC

Sl
Eve
S€¢
8¢¢
€91

6€-6T0C
6C-610C
61-8T0¢C
8T-0T0¢C

UIMO0JD |enuuy SAY

6€0¢
22014
6¢0¢
¥¢0¢

610¢
1Se22104

3810¢
L10¢C
9T10¢
S10¢
0T0¢

[B2103ISIH

ANIOSNI ¥ 3INIONI € 3INIONI ¢ dV3IA HVANIIVO

AQOGMOYUYVN 39UV

14VHIYIV 131 ODUVYI

SYUIIYYVI HIV INIINIVINL °S'N

¢cingvl

93



%C'1T
%0'T
%1€
%1'C

678°0€
L18'8T
769t
18€°s
06T

995°€C
8ST'Te
€496°TC
5S6°0¢
600°0C

a3anNSNOD
13Nd V101

J31eD 41V [BDJBWWOD SN 404 UO|[eB 4ad S3|1W 1e3s 3|qe|leAe Ul JU3WIA0IdWI [BNUUE %(°T SOWNSSE 1582304,

%9°0-
%8°0-
%0~
%L 0-

981
L8T
€6l
00¢
60¢

0T¢
80¢
80¢
861
€cc

V101 NOILVIAVY

%9°0-
%80~
%v°0-
%L°0-

81
S8T
16T
86T
L0¢C

80¢
90¢
90¢
961
|X44

TV43INIO

"$J3141e0 08.ED pue (13111ed Jle [euoiSaJ pue duljulew) Ja8uassed yioq sapnpul,

*S91BW 1S3 OdY VY4 ‘SI9Y10 [|e ‘uoneriodsued) jo juswiiedaq ‘SN ‘T WJoH 9Ny 18[ Ja14ed 1y :924n0S

%0°0
%00
%00
%0°0

N AN AN AN N

AN AN AN AN N

H3AIHHVO
v

ANITOSYS NOILVIAVY

%C'1T
%0'T
%1€
%1C

€v9°0€
0€9°8C
6CL°9C
18T°Se
180'vC

9G€’eT
0S0Ce
SYETT
LSL'0T
98L'6T

V101

(suojjen o suol|iN)

%L1
%C'C
%8¢
%S'T

GEET
12T
680°C
616'T
G/9T

€197
TvS‘T
LEV'T
€8€'T
SEV'T

NOILVIAV
TVH3INIDO

%C'T %6'T %830 6€-6T0C
%01 %6'T %S0 6C-6T0C
%1€ %C'C %S'€ 61-8T0C
%1'C %V'1T %S'C 8T-0T0¢C
JIMol9 [enuuy sAy

80€'8C  0€£9°0T 8/9°L1 6€0¢C
607'9C 9996 vvL'9T 7€0¢
ov9'vc  6€L°8 T06°ST 6¢0¢
19C‘€c  GS8'L 90%‘ST 720t
LOV'Ce  8ET'L 69T°ST 6T0¢C
15eJ9104

VLT 180°L 9971 38T0¢C
60S‘0C 1999 weeT LT0C
806°6T  /9%9 TYP'eET 9T0¢C
vLE'6T TIPSO €8T ST0¢
TSE8T  ST€9 9€0CT 0T0C
TESIoTH

Tvi0ol  1.INI  JILSJINOd 4V3IA VISl

27343 IHYVYO "IV 'S'N
13nd 13r

11VHIHIV NOLLVIAV TIAD °S°N

NOILdWNSNOD 13Nd INITOSVSO NOILVIAVY ANV 13Nd 137 1v10L1
€¢31gavl

94



'SJ9144ed U110dDY 44
‘uoneuodsued] Jojuswiiedaq 's'n ‘D867 pue Ty Wio4 :924n0S

%9°0- %9'T %0 %b'0 %¥'0 %80 %b'0 %80 6€-6T0C
%S°0- %L'T %V'0 %b'0 %¥'0 %80 %Y'0 %80 6¢-6T0C
%8'T- %10 %0 %b'0 %b'0 %Y'T %b'0 %S'T 6T-8T0C
%L'S- %0V %L'0 %8'€ %9°0 %L'T %9°'€ %9'T 8T-0T0¢
UIMOoJ9 |enuuy SAy
€6'6 0L'ST vES ovL 0€S S'SL TLL v'SL 6€0¢
ZAl 95 vT 745 SeL 61S 8L 9'GL LeL 7€0C
50T SYET €15 TTL 605 oL TvL T°0L 620¢
LL0T 0€°CT €05 L69 66v L'L9 9L WA (ZA4
AN €ETT €6v €89 687 679 T'TL L'Y9 610¢
1Sedal0o4
CETT CETT 16V 089 L8Y 0'%9 8'0L 8'€9 3810¢
vS'TT LTTT L8Y 8TL 14317 €9 8'0L 0'€9 L10¢
8TT TETT L8Y €L 8% 8'T9 689 S'19 9T0C
€S'TT €6°0T 08Y 969 SLY 009 979 6'65 STOC
80°8T vL°ST S9v €05 79 095 Tes 199 0T0C
[E31I03SIH
(sua)) (sua)) (saIN) (saIN) (sain)  (31A/s1eas)  (311A/s1eas)  (9]1IN/s1eSs) ¥v3A VIS4
$ 810¢ $ IN3¥¥ND vioL 1INl DILS3NOA v1i0L T.ANI J11S3N0a

*% 3TN 4IONISSVd H3d INNIATY HLIONTT dIdL HIDNISSVd IDVHIAY  FTIN 14VHIHIV ¥3d SLVIS IOVHIAV

SNOILAINNSSY 1SVYJ34O04 ¥31¥dVI TYNOIO3IY 'S'N

vZ3aiavi

95



‘uoipeyiodsued) jo uswiiedsq 'S'N D86 PUe T WJ04 :924n0S

%0°'C %0°'C %0°C %9°'T %9'T %9'T 6€-610C
%LT %LT %LT %E'T %E'T %E'T 62-610C
%St %St %St %0t %0t %0t 61-810C
%10 %69 %00 %9°0- %6°'C %9°0- 8T-0T0C
£u>>ogmu _mscc< M><
¥99'6TT 8SS°E 90T9TT 444 S 61C 6£0¢
£96°90T 18T°E 98L°€0T 0T 2 00T €0z
€/1'S6 88T 9766 /ST % €8T 620¢
vLELS 86S'T 9/L'v8 VLT 12 0LT ¥20¢
0908 86€C Te'sL 9T v 09T 610¢
1Sed23.04
18TLL S6T'T 988vL LST € vST 1810¢
€8TvL 891'C STLTL 75T € 6vT L10T
LTS'SL 95T ¥96'TL GqT % zsT 9107
0L8VL 9TT'C vSLTL 9gT € €qT STOC
LLE9L LVET 0€0°SL 9T € 791 010¢
_mu_._oum_I
V10l TYNOILVNY3LINI  DJILSINOA V101 TYNOILVNY3LINI  DJILSINOA Yv3A TvISHH
SITIN ¥IONISSYd INNIAITY SYIONISSYd INNIAIY
(suonpn i)

J144VYl 4ION3ISSVd AITNAIHIS

SYIIYYVYI TVNOIO3Y 'S'N

s¢3Iigavl

96



18
T'18
608
508
8'6L

9'6L
L'8L
8'6L
108
19,

4010V
avol %

%0°C
%L'T
%S’V
%10

¥99'6TT
£96'90T
€LL'S6
vLELS
09°08

18T°LL
€8TVL
LTS'SL
0L8VL
LLEIL

(1)
SINdY

V101

%61
%91
%'V
%V'0-

QTELYT
668'TET
06€'8TT
08%'80T
1T0'T0T

L7696
LIEY6
LL9'V6
00S°€6
8T€°00T

(A1)
SINSY

%10
%10
%E0
%9°0

S'LL
€LL
cLL
8'9L
19

6'9L
0'€L
8L
0'SL
S¢L

4010V
avol %

%0°'C %6'T
%LT %9°'T

%SV %Y

%69 %E9

8GG‘E €65V
18T°E Ty
88T 169°€
865°T 78€'s
86€C 6YTE
S6C'T €20°€
891'T 08€’E
¥95C 6TSE
9TT'C 6T8C
LYET LS8'T
(TIN) (1)
SINd Y SINSY

TYNOILYNYILNI

‘uoneyiodsuel] jo yuswiiedsq 's’n ‘O86¢ PUe T WJo4 :924n0S

V18
18
0’18
L08
008

L'6L
6'8L
008
08
9L

4010V
avol %

%0°¢C
%L'T
%St
%0°0

90T'9TT
98.'€0T
976'C6
9LL'V8
Te'sL

988'vL
STLTL
¥96°CL
vSLTL
0€0'SL

(A1)
SINdY

JI1S3INOA

%6'T
%9'T
%Y
%9°0-

€TLTYT
98L°LTT
669VTT
860°S0T
19826

v76'€6
8€6'06
8ST'T6
189°06
19186

(1)
SINSY

SHO1OV4 AVO1 ANV D144VHl ‘ALIDVdVYI Y4IDONISSVd AITNAIHIS

SUIIYYVYI TYNOID3IY 'S'N

9¢319vl

6€-610¢
6¢-610¢
61-8T0¢
8T1-0T0¢

JIMOJD [enuUY SAY

6€0¢
v€0¢C
6¢0¢
j4erd

6T0¢C
15839104

3810¢
L10¢
910¢
S10¢
0TOC
|e31J03SIH

HV3IA

97



%V'0-
%L1~
%817~
%91~

720t
656°T
9961
8ST'C
£81°C

86C°C
98T'C
¥61°C
AN
€19'C

vi0l

%0
%V'0-
%8°C-
%E0

L18'T
LTLT
7891
108'T
SYL'T

S6L°T
99T
LE9'T
8791
9GL'T

13r

13374 Iv10L

%V°S-
%E V-
%1CT-
%'9-

ST
[4Y4
8¢
LSE
[4747%

€0§
[4%]
LSS
919
LS8

13 NON

%S0
%C 0~
%V'C-
%C 0

€86'T
78T
89LT
7887
9087

0587
60LT
L19'T
S89°T
£28'T

Tviol

%0 %3°C
%t°0- %S'€
%8'C- %6°0T
%S0 %T'L-
L/8'T 901
LTL'T S6
89T 98
T08‘T 18
SYL'T 19
S6L°T SS
7791 59
LE9'T 0]
879'T LS
8CL'T 66
13r do¥d
S1v3S o YINO

%6°66- V/N
%0°00T- V/N
%0°9T V/N
%' 1C- V/N

o O oo

S¢
9¢
69
[43
(44"

o O o oo

o O oo

8¢

V10l 13r

%666~
%0°00T-
%091
%L'61-

o O oo

T4
9¢
69
[43
144"

dOdyd

S1v3Sov OL T€
14VHIHIV TVNOID3Y

14VHOHIV 4ION3ISSVd

SYIIYYVI TVNOID3IYH 'S'N

L¢ 319Vl

V/N

V/N

V/N
%L vT-

00 O 1" N

6
6T
€T
€T
8

S1v3as

0eoLo0¢

%L°0T-
%SG
%6°L-
%917~

6T
€¢
Sy
89

€9
59
59
89
6

S1v3as
6T O1L 0T

%v°0T- 6€-6T0C
%9°S- 6¢-6T0C
%S'8T- 6T-8T0C
%8°C- 8T-0T0¢C

JImoJi9 [enuuy sAy

[43 6€0¢
S6 7€0¢
091 6¢0¢
S¢e veoc
98¢ 610¢
15839104

TGE 38T0¢
L9€ LT0C
06€ 910¢
£143 ST0C
ovy oToc¢
|E21I03SIH

S1v3S 6 T AYVNNVT
NVH.L SS31 40 SV

98



%8'T
%8'T
%9°T
%6'T

S80°9Y
09Tty
08S'8€
GeT'se
G8€te

088'T€
LOV'TE
€9.°0€
zLg0¢g
L9€'LT

%60~
%6'0-
%b°0-
%0°T-

0€T‘ceT
GE0'LTT
G80°€ET
GTL'6ET
00L'S¥T

09¢'9¥T
98T'9PT
786'SvT
LTY'VYT
L00‘6ST

SINIgdNL SNOLSId

10l

V10l

%00
%1°0-
%0
%9°0-

008'TTC
GE6'0TT
0TS'TTC
G99°CTT
QLE'ETT

G88°TTT
LSLTTT
¥6LTTT
T€0°0TC
0LE'€TT

13374

NOILVIAVY
TVH43INID

V101

%C0
%E0
%90
%EC-

068v
088y
998y
08y
ShL'y

STLY
769y
986V
Tv6'y
¥89°S

YIHLO #xldVHIYUIV 44 TVININ
140dS 1HOIN

%S°€

%6°¢

%L’V
%9°0T-

95S°s
0z8'v
00T’y
(074743
06LC

G99°C
155°C
8LY'T
69€'C
859

"JedA Jepua|ed ayl Sulnp Jnoy aUO 1Se3| 1B UMO|} SBM PUB UOIIBJISISDI JUaIIND B SBY JBY] SUO S| 1jBIDJIE DAIIOE UY :910N
"Z10Z ul Suiuels ‘Alo8a1ed 1jeldlly [elusW DX Japun PaAOW S| 14eldlly Wods Japun umoys Ajsnoiaald sem jeyy Aio3a1ed uods-1y31] |eruswadXT
*shanuns (so1uoiny pue) AIAIROY IXeL JIY pue UONEIAY |eJaUSD WY ‘L T0Z-CTOT ‘0T0Z-TO0T :994N0S 4

%60
%T'T
%V'T
%C'T

0v0'€EE
0v0'zE
088°0€
S9v°6C
QST

q9g'LT
126'9C
985°LT
Te6'LT
v8L'vC

-143dX3

%L'T %9'T %6'T
%L'T %S'T %0°C
%8'T %9'T %T'C
%L0 %9T  %6°0-
SLT'ST STT0T  0S6'Y
G96'€T 0Tv'6  S¥SY
0S8°CT 00L°8  0ST'Y
0S8'TT GL0'8  SLL'E
S68°0T 06v'L  SOY'E
G0L'0T 0LEL  SEE'E
TIS'0T TvT'L 0LT'E
LLS'OT  €€TL  wvE'E
90S0T 0¢T'L 98T'E
T0T'0T  ¥IS'9  88S°E
V101l 3INIgYNL NOISId
14v4240.10Y

%8'T
%8'T
%9'T
%0°C

098°s€E
ovL'ce
088'6¢
09T°LT
S68vC

0TS'¥C
99Ty
0€S€T
TSTEe
€58°0¢C

V10l

%C'C
%S°C
%9°C
%0°€

0S0°€T
00T'TC
0TT'6T
S20LT
0L6'7T

S8SvT
LTTYT
TSL'ET
Ovv'€T
v8Y'TT

13ar
ogdnlL
INIgdNL

%E'T %0°T-
%80 %0°T-
%00 %¥°0-
%L°0 %0°T-
0T8'CT  08T'LIT
0¥9'TT  06¥'CCT
0LL0T SE6'8TCT
GET'OT  0S6'GET
Gz6'6  S6L'Til
GC6'6  SI6'THT
6v6'6  9T6'TyT
6LL'6  8E9THT
TL's TETIYT
69€'6  6TY'SST
dOodd V1Ol
ogdnlt
SNIM d3xXHd

14VHOHIV IXVL HIV ANV NOILVIAV TVHINID 3IAILV

8¢ 319Vl

%¥°0-
%€0-
%C0-
%V

S80°CT
0€ETT
VA4
S08°CT
0TO‘€T

0v0'€T
€80°€T
986'CT
vSC'ET
006°ST

INION3
-ILINN
NOLSId

%0°T-
%0°T-
%S0~
%60~

6€-610¢C
6¢-610¢
6T-8T0¢
81-0T0¢

UIMOJD |[enuuy SAY

S6T'SOT
09T‘0TT
09€9TT
AR T4
G8T'6¢1T

G886CT
€€8'6CT
759'6CT
£88'1TT
6TS'6ET

INISN3I
JF1ONIS

6€0¢
¥€0¢
6¢0¢
¥c0¢

610¢
15eJ3104

38T0¢

LT0C

9T0¢

ST0C

0T0¢
+|EOLOISIH

T€ 230 40 SV

99



%E'¢C
%9°¢C
%L'C
%8'T

€vSST
[44% 2"
08ct
SSY'TT
626'6

8/56
877’6
2068
1/8°8
T1E'8

%8°0-
%1'T-
%L 0-
%E'0-

S97'TT
€9€°CT
LTt
6CV'ET
SOEYT

vov'vl
99V
8CEVT
€79°¢€1
€LL'YT

SANIgGYNL SNOLSId

V101

V101

%80
%L0
%C'T
%0

T1€°0€
86L'8C
ETLLT
7089t
EV6'SC

LYy9'ST
[AXAT4
vE8VT
wi've
2087

13374
NOILVIAV
TV43IN3ID

V1oL

%C°0
%E0
%8°0
%8°0-

LLT
9.1
SLT
€LT
0LT

69T
891
€67
9T
18T

*JedA Jepuajed ay3 Sulnp JNOY SUO ISEI| 1B UMO[} SBM pUB UOIIBJISISDJ JUSLIND B SBY JBY] DUO S| 1JBJDJ[B SAIIOR UY 910N
"2T0z ul Suiue)s ‘Alo3aied 1jesddly [euswiadx] Japun paAow S| 14esdlly Lods sapun umoys Ajsnoinaud sem jeyl A1o3a1ed Lods-1y3i [eruswIadXT .
"SASAINS (S21UOIAY pue) ALIARDY IXE] JIV PUB UOIRBIAY |BIBUSD VW4 ‘L TOZ-ZTOT ‘0T0Z-TO0T :924N0S 4

%EV
%8V
%9°S
%CV-

s
95y
vLE
TOE
€€¢C

44
60¢
L8T
16T
1€

HIHLIO 4x14VHIHIV

140dS 1HOI1

%9'T
%6'T
%P
%S0

v8LT
1897
0LST
ST
SOET

vLT'T
IAZAR
vee't
S6C'T
97T

%6'T
%1C
%6°C
%10

69T°S
6CLY
€TEY
ze6'e
TTS'E

ozr's
oze's
8CT'E
veC'e
Sov's

%6'T
%0°C
%6°C
%0°0

0z6's
¥8S‘€
6LT'€E
986°C
889°C

€19°C
8€SC
8Y€‘C
961°C
T19°C

%0°C
%EC
%L'E
%C0

6vT'T

SYT'T

vv0'T
9176
ce8

808
8L
08L
86L
6L

%V
%8°C
%6°C
%S¢

€79TT
LESOT
€256
691°8
'L

9969
0699
¥55'9
VAN]
00.'S

x IVINJA TVLOL INIGYNL NOISId VIOl

-143dX3

14vdOH010d

(spuesnoyy uj)
NMO1T4d SHNOH IXV1 HIV ANV NOILVIAV TVHINID IAILV

62319Vl

%8'¢C
%S'€
%Y'S
%L'E

916°L
€LTL
LTY9
TLS'S
8¢Sy

v6T'y
S90Y
LV8'E
LEQ'E
GLE'E

13r

0ogdNnl ogdNlL

INIgdNL

%9'T %0'T-
%v'T %' T-
%S'T %60~
%8'T %E'0-
L0L'E  9T0TT
g9g’e  8ITTT
SoT'e  8VLTT
868°C  €8¥'CT
€TLT  uv'st
/9T L6S'ET
G79'c  €89'eT
80LC  8YS'ET
8€S‘C  Se8'TT
GTET  6L6ET
dOdd V10l
ONIM a3xid

%1°0-
%1°0-
%L°0
%8'T-

TesT
LYS'T
€997
LLST
8LS'T

89G°T
9¢€ST
€897
809°T
8T8'T

JINIONA
“ILNN
NO.SId

%1°T- 6€-610¢
%S'T- 6¢-610¢
%1'T- 61-8T0¢
%1°0- 8T1-0T0¢

UIMOJID [ENUUY SAY

€816 6€0¢C
7L9'6 veoc
981°0T 6¢0¢C
906°0T ¥cot
¥68TT 610¢
15e52104

620CT 38T0C
LY0'TT £10C
G98‘TT 910¢
LTTTT ST0C
19T°CT 010¢C
+|EJLI01SIH

INIOSN3  T€ '23d 40 SV
JTONIS

100



%€°0
%10
%C'1T
%€°0-

00€°LEE
00z‘zee
0[0) A4S
00v‘TZE
008'VTE

LIO'TTE
759'90€
TLS'20€
6CEV0E
T00'8TE

:S107Id d31vy
ININNYLSNI

%10
%10
%80
%1'T-

STO'8LY
08¢'SLy
SY8'vLY
S6V' VLY
SSY'69Y

€15°S9¥
S8T'09Y
198'SSP
0TE'L9Y
691809

S1011d
IN3anNis

SS311vV10L

+S1011d LN3ANLS ONIANTIX3 ‘ALVII4ILYID 40 IdAL A9 SLO1Id IAILV

%V°0-
%V"0-
%0'T
%8'T-

0ST'LT
0Tr'LT
ov8'LT
00€'ST
0SS'ST

0LE'ST
6€TST
166°LT
097'6T
SLT'TT

AINO
¥3alo

%V'T
%L0
%6'T-
%€°0-

0SY'6T
0SS'LT
0S8'ST
0S9'vT
0SLVT

€€0°ST
GGE'ST
81S'ST
995'ST
LLE'ST

AINO
14VHD

-40104

"9}eD1411430 [BJIPAW PljEA B pue 93821413430 10(1d e y3Im uosiad e s|30[1d aAI11d. Uy 910N
"|e303 BulALIBP Ul S3110833.3 4330 0} PAPPE 3 J0U p|noys s}o|id pajel JuawnIlsu|,
*3|qe3 SIY3 WoJy papn[aIxa pue papuadsns S| 3seda40430]1d Juapnis ‘9NJ MauU Y3 J21UN S33LI1}1143D JUSPNIS BY3 1SEIDI04 03 BIEP JUBIDIH4NS J0U
S| 949y} pue mau AJaA sl uoneuawa|dwi ay3 Sy "S93ed1413430 [9A3] Jaysiy 4o 30]1d 91eAld pue 30]1d JUSPNIS UIBMI] Ul| BY3 SHEdIq PUE SIaquinu
10]1d JU3PNIS BY) Ul BSEAIOUI IAIINWND € $31eIBUSS SIYL "S91eI1411432 10]1d JUIPNIS MU B3 UO 3lep uolel|dXd ou S| BI3Y3 ‘9TOT [HdY YHMm Suiiels,

"SOISIEIS USWUIY [IAID SN WV :924N0S 4\

%L°0
%9°0
%L°0
%L'T

006°£8T
008°08T
00C'vLT
007897
00€'€9T

SY1291
G78'6ST
¥68°LST
0€L'VST
86T TV

1HOdSNVHYL
ANITHIV

%C0-
%0°0
%8'T
%9°¢C-

057’86
059'66
0ST'TOT
00€°20T
0S9'T0T

088'66
19186
18096
¥91'T0T
SOL'ECT

TVIDHYIWNOD

o€ 3iavi

%L'0-
%S0~
%S0
%9'C-

00v'EVT
00T'6VT
0S€'99T
008791
0SS'v9T

S69°€91
SS9t
€T€C9T
8TL0LT
02020t

J1VAIYd

%0°€
%L’
%EV
%89

SOLTT
089°0T
09€'6
ST6°'L
G159

9vZ’9
L609
688'S
8Y's
789°¢

107Id

140dS

%1 -
%8°€-
%8°C-
%L V-

09
08
S6
(4
ot

i
€aT
SLT
06T
[4Y4

TVNOIL
-V3dd3d

6€-6T0C
6¢-6T0C
6T-8T0C
8T-0T0¢C

UYiMoJo |enuuy SAyY

6€0¢
v€0¢C
6¢0¢
¥coc

6T0¢
}sed0104

810¢

£L10¢

9T0¢

ST0¢

0TOC
xx|BIMOISIH
T€ '23d 40 SV

101



‘3uipunoJ Juapuadapul Jo asnedaq |e101 0} ppe J0u Aew |12 910N
*2T0z ul Suiels ‘Aso8a1ed 1jeuduly [BIUBWIISAXT JapUN PIAOW S| 1jeJddIY JodS Japun umoys Ajsnoinaid sem 1eys Aio3o1ed 1ods-1y317 [erusw IadXT 4
"S91BeW ST OdV WV :924Nn0S,

%S'T %L'T %9°0- %6'€ %V'T %C'T %0°C %8'T %C'T %E0- %Y'1- 6€-6T0C
%6'T %C'C %8°0- %S’V %9°'T %E'T %C'C %S°C %0'T %¥°0- %L'T- 6¢-6T0C
%€’€ %8¢ %1°0- %9°S %C'T %1 C %1€ %' %0°'T %E€°0 %T'T- 6T-8T0C
%C'T %S'T %L0- %9°'1- %C €- %9°T %S°0- %9°'T %60 %C € %S0 8T-0T0¢
UIMoJ9 |enuuy SAY
6TSC GEEC 78T € (44 €8T 9T 968°T SS¢ 6€ ¥0T 6€0¢
90%‘C T2 S8T € T¢ 9/1 14" L08'T 8€C 6¢€ 80T Y€0C
08¢'C 680°C 16T 4 0¢ 99T €T 00L°T i£44 ov 91T 6¢0¢
LITC 616°T 86T C 8T SqT [4) 1SS‘T €T¢ v Sct 720t
788'T S/9°T L0¢C T LT T 1T 9Ce'T €0¢ TV LET 610¢C
1SeJ9.04
T28'T €197 80¢ T LT (44" 0ot 0LT'T T0¢ 187 8€T 48T0¢
LYL'T 8T 90¢ T 9T 6€ET 0T 07T 861 1A% 8€T LT0¢C
€V9'T LEV'T 90¢ T LT €Tt ot LITT L0¢C [47 LET 9T0C
8/GT €8€T 961 T ST 8¢T (o]0 €90°T 16T ot 8¢T ST0¢
959°T SEV'T T¢e T [44 Sl T €11 /8T 14 €eT 0T0¢
*[BILOISIH
IVLOL  13Nd L3r  SYOAV  4x1¥0dS ¥3IHLO/« 3INIGYNL NOISId 13r dOyd INIOSN3  3INIDSN3I  ¥V3IA YVANIIVO
1HOIT 4 IVIN3IN ogdnL ogdnL -ILNN J1ONIS
-143dX3
A3NNSNOD 13Nd4 VLOL 14v¥4OH¥0.L0Y INIgHNL NOL1SId
ONIM a3axid

(suojjen jo suoljjiiAl ui)

NOILdWNSNOD 13Nd 14VHJUIV NOILVIAV TVHINIDO

T€ 319Vl

102



17414
17414
1414
1414
1414

1414
€9¢
(414
[4<T4
1444

1OVHINOD

SYIMOL 40 H3I9INNN

¥9¢
¥9¢
¥9¢
¥9¢
¥9¢

79¢
¥9¢
79¢
¥9¢
¥9¢

Vv

%80
%L0
%1°C
%10

LE€0'T9
18265
68995
TEEYS
898°CS

0LL°TS
[44 0}
S66'6Y
(444
SSTTS

V101

%00
%00
%00
%L°0-

vLYC
A4
viv'T
A4
viv'T

vLv'T
975C
91T
S6Y°C
£09°C

V101

%00
%00
%00
%S'T-

GST'T
GST'T
GST'T
GST'T
GST'T

SST'T
002’7
SYT'T
€0C'T
867'T

Vo011

AYVLITIN

%00
%0°0
%00
%10

6TET
6TET
6TET
6TET
6TET

6TET
9ze'T
LTET
6T
60€'T

INVH3INILI  1V1O0L

%E"0 %E"0 %E"0

%€E0 %€°0 %E0

%9'T %9°C %L°0

%0°0 %L'0 %9°0-
8€58T 9CS'ET ZT0'ST
90T‘8¢ 00£‘€T 908‘VT
[89°/C T80°€T 9097T
787'LT 0/8CT [4%7a74"
9689 T°L9°TT €TLYT
S8%'9¢ vSETT 0ETVT
045'St TEL'TT 8€8ET
9£5°st T€9°1T ¥06°ET
8/5'st 169°TT [88°ET
0859¢ 9TLTT ¥98VT

I¥D0T1  LINVHINILI
NOILVIAY TYH4INIO

(spuesnoyy uj)

%9°0-
%C'C-
%0°'T
%t €-

T9€9
L¥0'9
asL's
v8Y’s
L6T'L

9tT’L
6LT°L
08S'L
S68°L
0Tt'6

HALNNINOD  H3IYYVI

/IXVL YV

3JIAH3S TOULNOD J144VHL 1DVHINOI ANV VVi HLIM
SL1Y0dYHIV 1V SNOILVYH3IdO 14VdddIV diINIGWO0I 1VviOL

¢€ 319vl

‘AiAnoy dlyjed) A1V W4 :934nos

%1°¢C
%S°¢C
%6'€
%L’

€994
€59°CC
TLL0T
€60°6T
T0€9T

989°ST
LY0'ST
LTY'VT
GSLET
859°CT

v

6€-6T0C
6¢-6T0¢
6T-8T0¢C
8T-0T0¢

UIMoJD [enuuy BAY

6€0¢
veoc
6¢0¢
veoc
610¢

15eJ9104

3810¢
LT0¢
910¢
ST0¢
0T0¢

[E21I03SIH

dVv3A IvISI4

103



%0'T
%80
%6'T
%00

6508V
61v'SY
L06CY
129°0p
€79°6€

888'8€
S80'8€
€TLLE
TLT'LE
L86'8E

V101

%0°0
%00
%0°0
%6°0-

092t
092'C
092t
092'C
09T

09T
4TA
TIE€C
98CC
8EY'C

AYVLITIN

%0 %8°0-
%0 %9°C-
%S0 %0'T
%€"0- %Y €-

LEL'VT 879
TOv'vT €06‘S
6L0'VT L6S'S
LLL'ET TTE'S
GLSET 887'L
€TSET 912'L
9/T'ET 1827°L
060°€T TL9'L
9/0€T 1982
¥98'€T 1156

NOILVIAV

TVHINID /IXVL "IV

(spuesnoyy uj)

SNOILVY3dO NOJVYl 1V10l1

€€ I19vl

"AMIAROY D1yjelL IV VY4 :924N0S

%1°C
%V
%8¢
%V

vE8'VT
98Tt
760t
€961
T0S9T

006°ST
9LT'ST
ov9'vT
8V6'€T
VLT'ET

YALNNINOD  d3IYYVD HIV

6€-6T0C
6¢-6T0C
6T-8T0C
8T1-0T0¢

JIMoJID [ENUUY SAY

6€0¢
veoc
6¢0¢
veoc

610¢
15829104

38T0¢

LT0C

9T10¢

S10¢

0T0¢
[E31103SIH
dv3A VIS

104



%V’ T
%C'T
%E'T
%E'T

76565
G8T’ss
88T'TS
69°'LY
vS'Sy

088‘vv
LS8V
T€C'Ey
8T6'TY
86101

V101

%0°0 %80 %S0
%00 %L°0 %S'T-
%0°0 %80 %T'T-
%9°9- %S'T %9°0
9zL'T £9L'8 100'8
9zL'T 8SE‘8 STL'L
9zL'T 986'L 685'L
9zL'T 1L9'L T6L'L
9zL'T 89%'L 988
92L'T LOV'L SS0°6
S9L'T 8T'L 1658
9z8'T TO€E'L L8L'L
S6L'T L00°L LY8'L
286' 0559 298
AYVLIIA NOILVIAV ¥3ILNAINOD
RENED) /IXVL Y1V

A3TANVH 14VHOHIV Yl

(spuesnoyy uj)

SY3LN3D TOHLNOD JI144VHl 3LNOY N3 VVd 1V

J31ANVH L4VHDHIV 44l

vE€ 319Vl

A 1ARSY d14eIL JIY YYH 924n0S

%0°¢C
%C'C
%9°¢C
%C'C

L60TY
9LYLE
L86'EE
€05°0€
96€LC

7699
¥L0°9¢
8T€'9¢
0LT'st
Twe'ee

ElkeR AVl

dIv

6€-6T0C
6¢-6T0¢
61-8T0¢
81-0T0¢

UIMOJD [enuuy SAY

6€0¢
veoc
6¢0¢
veoc
610¢

1sedalo4

3810¢
L10C
910¢
ST0¢
0T0¢

[E21I03SIH

dV3IA VIS

105



	Forecast Highlights (2019–2039)
	Review of 2018
	Glossary of Acronyms
	Acknowledgements
	FAA Aerospace Forecasts
	Economic Environment
	U.S. Airlines
	Domestic Market
	International Market
	Cargo

	General Aviation
	FAA Operations
	U.S. Commercial Aircraft Fleet
	Commercial Space
	Regulatory Safety Oversight Activities of FAA
	Pre-Application Consultation for Licenses, Experimental Permits and Safety Approvals
	Licenses, Permits and Safety Approvals
	Safety Analyses
	Inspections and Enforcement
	Mishap Investigations
	NAS Integration

	FAA’s Operations Forecast
	Additional Factors Affecting Forecast Accuracy
	New Commercial Launch Technologies and Operations are Emerging on an Accelerated Basis
	New Markets for Commercial Space Transportation are Emerging


	Unmanned Aircraft Systems
	Trends in Model Aircraft and Forecast
	Survey of Non-Model Aircraft Owners
	Trends in Non-Model Aircraft and Forecast
	Remote Pilot Forecast
	Urban Air Mobility

	Forecast Uncertainties

	Appendix A:  Alternative Forecast Scenarios
	Scenario Assumptions
	Alternative Forecasts
	Enplanements
	Revenue Passenger Miles
	Available Seat Miles
	Load Factor
	Yield


	Appendix B:  FAA Forecast Accuracy
	Appendix C:  Forecast Tables



