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Key questions Better metrics MAIPA per flight fuel use MAIPA volatile and non-volatile PM

Aviation environmental effects result from a complex system of Probabilistic, multi-attribute impact pathway analysis (MAIPA) Typical performance estimate compares well to historical data Agreement with measured particulate data at cruise
interdependent technologies, operations, policies, and market . S —
.y N =
conditions... @ LAIEAET P A 100 E e e 1d a KA _ T uapa
) ) air transport production of gi ?rzrr]:(;;cr:rannact?on ) ; z ] g E § ! I * 1991-2(?2)?”
- How many resources should we commit to resolving activity emissions and noise o = offoct Losf P 3 B 35 - 1 ¥_l_._¥_ 10AO (1559
. . . .. _ ; - : | 1° >3 oif - qE
environmental issues related to noise and emissions? | O = valuation - 7 E z R U !
e 1 o density = 1500-1800 kg/m3
* How should we expend those resources? change in & obg .. f ,,,,,,,,,, -, L4200 m OB d=d0c0
environmental ¢ L - \ ]
variables w S B P g - . 1 1F *‘
g ¥y . |
Need |© & . ! i g |
i o : f g2 I 1z
Key impediment to resource management is the lack of an cllects on et ———  Spuironmenta ) = el w = conter uartios (oskexteny, = L 58 o0 X
. . . . uarterly per fli ue median (notch center), and median i > = r = center quartiles (block exten 16
integrated framework capable of comparing environmental risks oe repriod on DT coniidence interval (notch exiont) ? Z 0001 Fasp. {4 g - corer quartios (look oxtent), o
Form 41 Sch.T-2 = mean (center square) and ¥ I density = 1660-1750 kg/m3 confidence interval (notch extent) {2
or Identlfylng trade-offs 0.2 ‘1991‘-200‘3 P i N -L 0.0001 7B727‘ MISS(())R dB=7233_15n:7‘47 S0 As0 MDH B7am Evs T ’
. o n prp
. . . . B727 MD80 B767 B747 B7470 A320 MD11 B737n E145 Tprp o an
Damage function to estimate Change in social welfare B737 B757 DC10 DC9  B7370 L1011 B777 B717  TFan 8787 Bror DCIO DOS - Brs7o  Liom BT BT TE

REPRESENTATIVE AIRCRAFT

Obj eCtive J [ REPRESENTATIVE AIRCRAFT

Foo\_ aph _ / /
Transparently communicate uncertain environmental risks and Acdc(p )= ACdc(x’t) _Z{ ;Ci (x) Aqi (1) + c”(x) Aqn (x. )+A8dc | ) _
integrate evaluation of risks to account for trade-offs in P ! US fuel use mventory US PM mventory

o . ] = source index ¢ = change in emissions (i) or noise (1) i i i Contribution small but impact similar to NO
decision-making 2 = pollution characteristic ¥ = policy option Aggregation reproduces fleet historical trends P <
¢, = marginal damage cost of species (i) or noise (n) € = unquantified or unknown contributions 18 : : : : : : : : : : : : : 1500 -
5 — MAIPA PM inventory, non-volatile only, 8 Mean comparison
Co ntext c 16F - i mean (solid) and standard deviation (dashed) E to EPA National
Sco e E A, g - = MAIPA PM inventory, non-volatile + volatile g Emissions Inventory
- .. . v |8 k= =centgr quartiles (block extent), . 2’%
Initial part of a larger effort to develop decision-making tools that P 3" > g 2 median (notch center), and medlan 5 NO, = 0.25%
. . . . . . ; o« v
can assist in the design of aviation environmental policies United States 1991-2003 g £ 1000 | - CO = 0.1%
. 200+ an‘craf‘t performance £ 10t MAIPA calculated quarterly inventory . E: VOC =0.1%
. 2 mean and standard deviation 8
parameters specify 19 ey . £ 7O ! SO, = 0.036%
representative aircraft types E ol ] 2 PM60 = 0.003%
- = Z 500 | o
» 96 small, medium, and large z .l ] 2 o | PM2.5 = 0.009%
1 d = center quarti xtent), =
Note: Results herein are based on a small sample of Monte Carlo runs; hub all’pOFTS = L rcneeéfanq(nigﬁsc(eﬂ?;‘;,ea,fs rfq)edian | E 300
runs to full convergence are ongoing. confidence interval (notch extent) 200 -
O 1 1 1 1 1 1 1 1 1 1 1 1 1 100 -
91 92 93 94 95 96 97 98 99 00 01 02 03 04 oL . . . . . . . . . . .
YEAR 91 92 93 94 95 96 97 98 99 00 O 02 03
YEAR

Re-evaluation of climate metrics Airport-local inventories Total environmental costs Central ideas

Relative radiative forcing overemphasizes short-lived effects, Disaggregation using county-scale demographics Emissions (air quality + climate) account for > 50% - Possible to represent uncertain environmental risks in
CO, and CH,-NO, impacts dominate o decision-making in a useful, integrated, and rigorous way
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« Economics is framework for establishing commensurability
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Different lifetimes across different types of risks, enabling prioritization
CO, forcing lasts ~300 years
CH, forcing lasts ~10 years

| o e Local impacts Marginal damage costs Key results presented

oy
20* i

10

DIRECT DAMAGE COSTS
FROM 2003 U.S. EMISSIONS ($M)

05 P— 1 . . . . . . . . . .
< __— o= Except for a few airports, air quality impacts comparable to noise PM highest due to contribution of mortality risk o . . L
« PM is an important contributor to air quality impacts
10 :
Y - " T _ T _ - CO, and CH,-NO_more significant to marginal future climate
- ‘ ‘ ‘ ‘ ‘ ‘ § oi 3 + ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ % local emissions . . g .
20000 2050 2100 2150 2200 2250 2300 S Or noee iy E40,000 8 marginal damage cos! Jobal emissi effects relative to aviation-induced clouds
YEAR = 12 4. = 5 o obal emissions
® N P P Bl & L = i S F 12 nrlargmal damage cost . . . .
e ; o - 9% Air quality comparable to noise at local scale
= - I marginal N - 3 .
25 | oo || w g + Mean direct welfare costs amount to > $500M per year
E T RF ratio % :E: 5 E, 20,000 |
E‘g S 3 ; 8 = — -
=2 os ) a2 0 2 S 2000 |
§§ H I Marginal cost ratio g g 2 l NGXt Step
o R references integral under = c < : . . s . .
4h ° . 9 8 S 1000 Establish full cost-benefit capability, including industry costs,
EZ curves in plot above - E < _- .
35 o5 T o 00 me macroeconomic feedbacks
'(écé % % 0 local global local ! local local
=5 7 2 8 o0 nose GO, WO alPM vPM mPM NO, No. GO SO, MEAN COMPARISON TO AVIATION
o e Y P g LiE & g it B o PM) (no PM) FUEL COST
15 1 10 20 30 40 50 60 70 80 90 96 EFFECT

| | | | | | |
CO2 H,0 clouds O,-NO, CH,-NO, sulfate  soot
EFFECT

AIRPORT INDEX




