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Results presented

= To illustrate our results, we will focus on the
environmental impacts of the baseline versus 15% and
100% fuel price increases

= We will show balance sheets for a wide range of
environmental impacts with multiple metrics that
provide decision-makers with different perspectives on
the policy
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Results presented

= Noise
— Noise contours, people impacted US and global
— Valuation of noise impact at 93 US airports
— Overall noise impact for 93 US airports

e Local Air Quality
— Local Emissions (below 3000’) US and global
— Health impact of ozone due to NO,, Continental US only
— PM mortality and morbidity, Continental US only

e Climate
— Baseline temperature change, damage, and NPV, global
— Change in temperature, damage, and NPV due to policy, global

= Interdependencies
— Relative changes in noise, LAQ, and climate impacts due to policy
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December 6-8, 2006 Administration

APMT Capability Demonstration Problems: Environmental Impacts

Balance Sheet: Demand Side

Passenger Demand Seats Aircraft Kilometres | Passenger Kilometres
100% Fuel Tax -8.9% -8.9% -8.9% -9.4%
15% Fuel Tax -1.5% -1.5% -1.5% -1.6%
Baseline - Demand
) 280 i, i ot e L -
Demand-Side — Passenger Demand
Baseline Projections — Seats
p 2601 — jrcraft Kilometres
. and demand growth rates =
« Price elasticity of demand sl Pas.senger K.Ilon'le!re.s

220

Index

DEMAND (Consumers)

« Passengers
« Passenger Kilometers
* ete. 160+

) e o cbeedenead e f i
Demand-Side Policies i

+ Direct ticket tax "Wo2 2004 2008 2008 2010 2012 2014 2016 2018
Year

2020 2022

2L AV
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Balance Sheet: Supply Side

Number of Number of new Fuel Direct aircraft Capital
aircraft (2022) | aircraft purchased | Consumed | operating costs | costs
100% Fuel Tax -12.3% -8.8% -8.8% 13.2% -11.3%
15% Fuel Tax -2.9% -1.5% -1.5% 2.1% -1.9%
Supply-Side Baseline - Supply
Baseline Projections A Nampet o Alsres ]
« Retirement (depreciation) curves 260l — Total Fuel Consumed 1
- Fleet replacement choice set ~—Volume Related Operating Cost
« New aircraft prices Direct Aircraft Operating Costs

240 —Capital Costs
@ L St | SA——

SUPPLY (Air Carriers)

« Operating Costs a
« Fleet Size and Mix -g
« etc. 1] N S—

¥ o L

- s 140
Supply-Side Policies

« Noise stringencies yopfanaie

« Emissions stringencies

« Operating restrictions i i i

+ Fuel tax . "Wo2 2004 2008 2008 2010 2012 2014 2016 2018 2020 2022

+ Emissions trading Year
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Balance Sheet: Cost Summary

Costs to Airlines-- Costs to Aviation Consumers--
[US$B2005] !
ATotal Operating Costs AConsumer surplus
Fuel Tax (15%, 100%) $B30.3 $B197.1 $B158 $B1010
Demand-Side Supply-Side
Baseline Projections Baseline Projections
+ GDP and demand growth rates « Retirement (depreciation) curves
« Price elasticity of demand « Fleet replacement choice set
« New aircraft prices

Operations @

DEMAND (Consumers) SUPPLY (Air Carriers)

 Passengers « Operating Costs

« Passenger Kilometers « Fleet Size and Mix

- etc. - etc

Schedules
: ’ (to FOM / AEDT)
ares
Demand-Side Policies Supply-Side Policies
« Direct ticket tax * Noise stringencies

« Emissions stringencies
« Operating restrictions
« Fuel tax

+ Emissions trading
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Summary of Costs

" Change in Consumer Surplus

___|IMNo Discounting | |
[ |Discount Rate = 3%
| |Discount Rate = 7% | |
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The Balance Sheet: Noise Impacts*

Policy-baseline ANumber of people in 60 dB ANPV Housing Capital
DNL, 2022 Depreciation 2002-2022
(in thousands) [US$M2005]
Fuel Tax 15% | Fuel Tax 100% 138 | -880 $95M | -$480M
*3% discount rate, yeag 2022 AEDT
MAGENTA/INM

Noise from planes Depreciation of
performing operations Housing Capital
(to A&D)

Schedules
(from DSP / FOM)

Air Transport
Movements

Example Noise Contours

Baseline
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Impact of 100% Fuel Price Increase
on Population affected by noise

Number of people in the 60dB contours worldwide

DL reesseee e e L T T
D) ofreesseres

—+—Baseline
19 1 b dme,

=—=—Fuel Price 15%
18 +---- Fuel Price 10096 - ------------oomeeece G

17 e
16 g T
15 o
L4 o A
13 o™

1 2 I T T T 1

2002 2007 2012 2017 2022
Years
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Noise impact over time

* Housing capital depreciation (within 94 US airports)

in each scenario

151 ——Baseline
—Fuel Tax 15% :

13

ussB

10+

i i i 1 i
2005 2010 2015 2020 2025
Projected Years

APMT Capability Demonstration Problems: Environmental Impacts TN Federal Aviation

December 6-8, 2006 B Administration




Noise impact over time

» Policy effect on housing capital (Discount Rate 3%)

40+ :
——Fuel Tax 15%
- —Fuel Tax 100%
i‘g CBOL e R RO
o
-801 :
15% Fuel Tax ANPV = (124 + 10) US$M
QO 100(%’ Fuel TaX ANPV _ (646 + 40) US$M
-120 .

| | I I |
2005 2010 2015 2020 2025
Projected Years
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Balance Sheet: Emissions

« By airport

« By aircraft type

« By altitude-band

» Regional emissions COZ [g] Fuel [kg] NOX[g] SOX [g] PM [g]
* Global emissions

+ User-specified aggregation

Baseline 5.225el15 1.656 el2 2.52el3 1.325el2 1.569 ell
15% Fuel Tax Change -1.0% -1.0% -1.0% -0.7% -0.8%
100% Fuel Tax Change -5.9% -5.9% -6.1% -5.9% -5.1%
AEDT SAGE
\ Emissions from
Schedules p'a”:Se‘r’:t';E’r:g“”g Local emissions
(from DSP / FOM) P (to LAQ Module)
Air Transport
Movements

Global Emissions
(to Climate Module)
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Emissions vs Time

Fuel Price Increase Scenarlos

1B8E+13 5o 1L 8E+H1S
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The Balance Sheet: LAQ - PM*

O, | Mortality & morbidity (NO,) | Mortality & morbidity valuation (NO,) Total LAQ
SO, | Mortality & morbidity (SO,) | Mortality & morbidity valuation (SO,) | Benefits
PM Mortality & morbidity (PM) Mortality & morbidity valuation (PM) [USS$B]
Fuel Tax NO, 255 deaths 238 deaths 1.6 USB$ 1.5 USB$
(15%, SO, | 86deaths | 80 deaths 0.54 USB$ 0.50 USB$ 0.3 | 154
100%) X . : USB$ | USB$
PM 61 deaths 57 deaths 0.38 USB$ 0.36 USB$

*3% discount rate

Aviation emissions
(from AEDT SAGE)

3. Change in

1. Changes in Monetary valuation

Population el i
Exposure Endpoint of PM impacts
P Incidence (to A&D)

Federal Aviation
Administration
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Changes in emissions below
3000’ (U.S. only)

115 . 5
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Health impacts assessment

+ Consistent with EPA and EU practice, only considering effects
of ozone and PM

All-sources AII-_source§
. Emissions minus
Emissions Aviation
Local Air Quality
Modeling
{

Changes in
Ambient Concentration

1
Concentration — Response
Functions
1

Change in Health
Endpoint Incidence

Aambient concentration “ healthincidence cost

A health costs =A emissions x — - — X —
Aemission Aambient concentration healthincidence

LAYy
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Impact pathway

AO, B,, Apremature mortality &, A$/inc __

Qq Arestricted activity days A$/inc
NO,
decreases

ay Apremature mortality _ 5, A$/inc _ |

APMampient Achronic bronchitis A$/inc P
— Total

SO, % . APM Apremature mortality &, A$/inc _| Impact
decreases ambient Achronic bronchitis A%/inc A$
PM U, AP B,. Apremature mortality _ 5, A$/inc _|
decreases ambient Achronic bronchitis A%/inc

Local air quality and climate response cannot be determined
simply from observing changes in inventories
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PM health impacts

Premature mortality from exposure to aviation -
emitted primary and secondary PM, ¢

450

- Baseline
— 15 % FT
...... 100-% ET oo

400~
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PM health impact valuation

Aggregated monetary metric: total yearly economic
value of PM-related health impact

3.5

| ==—Baseline

===15 %, Fuel Price
===100 % Fuel Price

Billion US$

0.5

1 Il I I I}
2005 2010 2015 2020 2025
Projected Years
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Discount rate impact on policy effect

100% Fuel Tax Policy effect on LAQ - PM
Discounted yearly values

015 (S e e PP P P PP
o -o-Di'scount Rate 0%
=8-Discount Rate 3%
Discount Rate 5%
=#=Discount Rate 7%
:3 5 T USRS eSS USRS IS,
D
| =
L
= 100
50_ .......... .................. e

1 1 1 1
2005 2010 2015 2020 2025

Projected Years

"‘.( Federal Aviation
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Comparison of policies

Policy Effect on LAQ - PM for 15% and 100% Fuel Price

Discounted yearly Values at 3%

20_. .......................................................................................

Lo
2
c 80 ===15% Fuel Tax iR i
= TR Positive benefit
= ue ax :
= 8ot . on LAQ

SAQO b R R

) e e e e .

_140 L L L L I

2005 2010 2015 2020 2025
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Net present value of PM
health impacts changes

* Final assessment of the policy effect through Net
Present Value (NPV)

» Discounted to first year of the analysis (2002)

Discount Rate

0% 3% 5% 7%

(Standard deviation)

NPV of 15% Fuel Tax Policy effect on
PM-related health impact in US$B

045 | 030 | 023 | 0.18
(0.18) | (£0.12) | (x0.10) | (£0.08)

(Standard deviation)

NPV of 100% Fuel Tax Policy effect on
PM-related health impact in US$B

232 | 154 | 119 | 092
(+0.46) | (£0.31) | (0.24) | (20.19)

December 6-8, 2006

T
i)
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The Balance Sheet: Climate Impact

r3a°f1ediscoum AT ,-year %GDP,-year NPV, -year NPV of Climat
o] imate
A=25K ATshort-lived-i_year [K] (%GDPshort-lived-i_year NPVshort-Iived-i_year [US$B] Impacts [US$B]
AT, q-year %GDP,,,-year NPV, -year
Fuel Tax -0.027 -0.156 -0.12% -0.73% -13.23 -77.27
(15%, -0.016 -0.094 -0.02% -0.13% -8.29 -48.50 -21.39 | -125.06
100%) -0.043 -0.250 -0.15% -0.86% -21.39 -125.06
Climate Impact
* Mass—Atm. conc
Aviation emissions » Atm. conc—global RF
(from AEDT SAGE) * Global RF—global AT
« \’s for short-lived effects

« Different climate sensitivities
« User-selected impulse
response functions

Global average AT

4

y
Impact Valuation Monetary valuation
* %GDP Damage o a,AT + a,(AT)? cos! —  of climate impacts
+ Additional damage functions as — year (to A&D)
required
« Different discount methods
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Simplified methods for valuing the
Impact of aviation on climate

_,| Aviation Operations Emissions
(current or projected) inventories:
| CO,, NO,, fuel

Climate Impact
: * Mass—Atm. conc

; * Atm. conc—global RF | I
| - Global RF—global AT Globa

« \’s for short-lived effects j\frage

A

Impact Valuation

- cost/year
« Damage o a,AT + a,(AT)? y
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Treatment of uncertainty

* Sensitivity, Monte Carlo, and Vary-all-but-one analyses
* Some uncertain parameters specified with uniform or triangular
distributions
— Emissions inventories (fixed here)
— RF’s for short-lived effects (Sausen, et al., 2005)
— Climate sensitivities (Hansen, et al., 2005)
* Other uncertainties addressed with scenarios/choices/cases
— 1S92 background scenarios
— FESG aviation scenarios
— CO, response function choice
— Temperature response function choice
— Damage function choice
— Discount rate choice
— Distribution shape for uncertain parameters
— Double uncertainty for all uncertain parameters
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AT [K]:

Baseline

NO,-O,

Cirrus

Sulfate

01k { Soot

x — H,0
Contrails

-+ NO,-CH,
NOx-O,long

- = CO,

X Total

012

2050 2100 2150 2200 2250 2300
Years
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Change in AT [K]:
100% Fuel Tax (Policy — Baseline)

x10°

2

— NO,-O,

— Cirrus

— Sulfate
Soot

— H,0
Contrails

-+ NO,-CH,
NOx-O,long

- = CO,

X Total

AT [K]

2050 2100 2150 2200 2250 2300
Years
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Change in AT [K]:

Policy Comparison (Policy — Baseline)

x10°

— 15% Fuel Tax
—— 100% Fuel Tax

AT [K]
3

2050 2100 2150 2200 2250 2300
Years
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Damage [% GDP]:

Baseline

— NO,-O,
—— Cirrus

— Sulfate
Soot

H,O
Contrails

- NO,-CH,
NOx-O,long
CO,

Total

x10% Damage [Nordhaus and Boyer, 2000]

% Impact on GDP

2050 2100 2150 2200 2250 2300
Years
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Change in Damage [% GDP].
100% Fuel Tax (Policy — Baseline)

x 10° ADamage [Nordhaus and Boyer, 2000]

— NO,-O,

—— Cirrus

—— Sulfate
Soot

— H,0

E: Contrails

6 X X . =+ NO,-CH,

x NOx-O,long

- = CO,

X Total

x
* |
i€

% Impact on GDP

x

x
*x

x

x 1 1 1 1 |
2050 2100 2150 2200 2250 2300
Years
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Change in Damage [% GDP]:
Policy Comparison (Policy — Baseline)

% 10™ ADamage [Nordhaus and Boyer, 2000]

— 15% Fuel Tax
—— 100% Fuel Tax

2050 2100 2150 2200 2250 2300
Years
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Change in NPV: Policy Comparison
(Policy — Baseline)

Op
_[]_5.

— 15% Fuel Tax
——  100% Fuel Tax

Constant discount rate of 3%
A=2.5K

2002US$B
0

2100 2200 2300 2400 2500 2600 2700 2800
Years
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Impact of Discount Rate on
Present Value: Baseline

80
70k : —— DR=1%
DR =3%
—— DR=5%

60+

Short-lived effects~7%

5o-| - -
| \/

2002US$B
B
O

30 Short-lived effects~36%
20H : Short-lived effects~55% :
\\ /
10 } \ -
O S~ —

2100 2200 2300 2400 2500 2600 2700 2800
Years
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Impact of Discount Rate on Present
Value: 100% Fuel Tax (Policy — Baseline)

2002US$B

2100 2200 2300 2400 2500 2600 2700 2800
Years
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Impact of Climate Sensitivity on
Present Value: Baseline

90 :
— A=15K
80 Constant discount rate of 3% —_— A =25K
—_—  A=45K
70
60~
m
& 50+
S
S 40
~

w
o

R0
=]
I

—_
=)

2100 2200 2300 2400 2500 2600 2700 2800
Years
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Impact of Climate Sensitivity on
Present Value: 100% Fuel Tax (Policy — Baseline)

—_— A=1.5K
—_— A =25K
— A =4.5K
g Constant discount rate of 3%
=
= -3
(=]
o
™
-4
5

2100 2200 2300 2400 2500 2600 2700 2800
Years
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Impact of Discount Rate on NPV
Change: Policy Comparison (Policy — Baseline)

-500

— 15% Fuel Tax
—— 100% Fuel Tax

L

=

=

=
T

2002US%B

15001 ‘ | | —
I L —— —— S R “..; P ST

-2500+-

I S S

A=2.5K -

1% DR 3% DR 5% DR
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NPV of Climate Impacts:
100% Fuel Tax (Policy — Baseline)”

EEE = R e S

o +

50

1
|

2002US3B

-300r

A0k I SN S B T 3% discount rate
: - : ' i1=25K
|

s e O}O“_.
5900\0 r
a\@\“g -

\009 -
k]
o]

*Difference between policy and baseline values. /
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Summary of Impact of Fuel
Price Increase

CO2 NOx Fuel burn DeltaT Damage NPV
0.00% -

-1.00% -~

-2.00%

-3.00%

-4.00%

Percent Change

-5.00%

-6.00%

F115% Fuel Tax 3% discount rate
-7.00% | W 100% Fuel Tax 1=25K
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US$B, 3% discount rate Results for different assumptions, scenarios, user-selected preferences.
*By airport Total
*By aircraft type Consumer Airline Noise Local Air Climate Benefits -
By altitude-band operating Benefits Quality . Costs
*Regional emissions surplus . Benefits
. . cost (89 Benefits NOTIONAL
Global emissions (global) . (global)
-User-specified (global) airports) (U.s) ONLY!!
aggregation
Fuel Tax (15%,

-158 -1010 30.3 197.1 | -0.124 -0.646 0.30 1.54 -21.39 -125.06 -149 -937

100%)

Climate Noise LAQ-PM

Percent Change

[ 15% Fuel Tax
W 100% Fuel Tax

[ &

Federal Aviation
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Summary of Policy Impact

Climate Noise LAQ-PM
0.00%
-1.00%
-2.00%
)
(@]
S -3.000
T -3.00%
O
4
c
8 -4.00%
S
o)
o
-5.00%
-6.00% [ 15% Fuel Tax 1
M 100% Fuel Tax 3% discount rate
-7.00% - A=2.5K

APMT Capability Demonstration Problems: Environmental Impacts Eederal Aviation

December 6-8, 2006 -\l s/ Administration




A word of caution

 These are NOT the “answers”
— Apples-to-oranges comparisons
— For a notional policy case

— The numbers reflect a particular set of assumptions
and scenarios

— There may be errors
 These are examples of work in progress

— Much work remains to assess and improve

— And to better understand how to communicate and use
such results

APMT Capability Demonstration Problems: Environmental Impacts @;} ederal Aviation
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Summary of status

Complete problems:
— Reduced thrust

— Fuel price increase
* Other problems are well under way

— NOx reduction
— Noise phase-out
* We are producing results for all these problems; and
— Analyzing their implications for policy-making
— Comparing and assessing different policies

e Much additional evaluation and documentation
required
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Next steps

» Key areas for development include

— Expanding data sources world-wide (census data, local
air quality, etc.)

— Global air quality modeling

— Improved response surfaces for ozone and PM
— Calibration and assessment of the PEB

— Linkage between fleet selection in PEB and EDS

— Addressing areas of uncertainty identified in
assessment activities

APMT Capability Demonstration Problems: Environmental Impacts 7o Eederal Aviation
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Summary

» Capability demonstrator problems specified in July

« CD’s have been valuable in identifying errors and gaps
in our methods -- this was the primary purpose
— PEB
— NOx-ozone relationship
— MAGENTA interface
— Many others...

« CD’s also provide a glimpse of what the future will hold
for APMT

— Comprehensive policy guidance with multiple metrics for multiple
market segments, regions and effects

— Rigorous, with explicit representation of uncertainty
— A true capability for assessing interdependences
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?7?7? Questions ?7??

FAA Environmental Tools web site:

http://www.faa.gov/about/office org/headquarters offices/aep/models/
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