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Climate	
  Impacts	
  of	
  Avia1on	
  

•  Transporta)on	
  is	
  the	
  fastest	
  
growing	
  source	
  of	
  CO2	
  emissions,	
  
accoun)ng	
  for	
  nearly	
  half	
  of	
  the	
  
net	
  increase	
  in	
  total	
  U.S.	
  
emissions	
  since	
  1990.	
  

•  Trend	
  towards	
  faster	
  modes	
  of	
  
transporta)on	
  with	
  GDP	
  growth	
  
(Schafer,	
  2000).	
  	
  In	
  the	
  U.S.,	
  
avia)on	
  is	
  the	
  dominant	
  “high-­‐
speed”	
  mode.	
  

•  Under	
  business-­‐as-­‐usual,	
  global	
  
avia)on	
  emissions	
  an)cipated	
  to	
  
grow	
  by	
  300%	
  by	
  2050	
  (IEA,	
  
2008).	
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Capacity	
  Constraints	
  in	
  Megaregions	
  

•  Con)nued	
  long-­‐term	
  capacity	
  
problems	
  at	
  airports	
  serving	
  
major	
  metropolitan	
  areas	
  (FAA	
  
and	
  MITRE,	
  2007).	
  

•  A	
  primary	
  contribu)on	
  to	
  airport	
  
conges)on	
  in	
  the	
  U.S.	
  are	
  short-­‐
haul	
  flights	
  on	
  routes	
  of	
  less	
  than	
  
800	
  km	
  (500	
  mi).	
  

–  Short-­‐haul	
  flights	
  represent	
  half	
  of	
  all	
  
domes)c	
  flights	
  (Tomer	
  and	
  Puentes,	
  
2009).	
  

•  In	
  many	
  parts	
  of	
  the	
  world,	
  high-­‐
speed	
  rail	
  has	
  served	
  as	
  an	
  
alterna)ve	
  for	
  these	
  routes.	
  

Mo)va)on	
  

3	
  

Airports	
  and	
  Metro	
  Areas	
  Needing	
  Capacity	
  in	
  2025	
  A7er	
  Planned	
  
Improvements.	
  Source:	
  FACT-­‐2,	
  2007.	
  

MOTIVATION	
  	
  	
  	
  	
  	
  	
  	
  >	
  	
  	
  	
  	
  	
  	
  	
  RESEARCH	
  METHODS	
  	
  	
  	
  	
  	
  	
  >	
  	
  	
  	
  	
  	
  	
  	
  CALIFORNIA	
  	
  	
  	
  	
  	
  	
  	
  >	
  	
  	
  	
  	
  	
  	
  	
  NORTHEAST	
  	
  	
  	
  	
  	
  	
  	
  >	
  	
  	
  	
  	
  	
  	
  AIR-­‐RAIL	
  	
  	
  	
  	
  	
  	
  	
  >	
  	
  	
  	
  	
  	
  	
  	
  CONCLUSIONS	
  



©	
  2012	
  Regina	
  Clewlow	
  

Costly	
  Infrastructure	
  /	
  Long	
  Time	
  Scales	
  

•  Obama	
  administra)on	
  has	
  been	
  a	
  
strong	
  proponent	
  of	
  high-­‐speed	
  rail	
  
in	
  America.	
  

•  Both	
  high-­‐speed	
  rail	
  and	
  avia)on	
  
require	
  costly	
  infrastructure	
  that	
  is	
  
u)lized	
  over	
  long	
  )me	
  scales.	
  

•  Over	
  these	
  long	
  )me	
  scales,	
  climate	
  
policies	
  may	
  shape	
  the	
  demand,	
  
energy	
  use,	
  and	
  environmental	
  
impacts	
  of	
  these	
  systems.	
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Source:	
  Federal	
  Railroad	
  Administra)on	
  

Proposed	
  U.S.	
  High-­‐Speed	
  Rail	
  Corridors	
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Demand	
  for	
  HSR	
  and	
  Air	
  

•  How	
  might	
  (poten)al)	
  HSR	
  and	
  air	
  transporta)on	
  demand	
  evolve	
  in	
  the	
  
United	
  States?	
  

Transporta1on	
  &	
  Climate	
  Policy	
  

•  How	
  might	
  different	
  combina)ons	
  of	
  climate	
  and	
  transporta)on	
  policies	
  
impact	
  demand	
  for	
  these	
  systems?	
  

Energy/	
  environment	
  

•  What	
  are	
  the	
  energy	
  and	
  climate	
  impacts	
  of	
  these	
  systems	
  under	
  climate	
  
policy?	
  

Research	
  Ques)ons	
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3	
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  Assessment	
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  Climate	
  and	
  Transporta)on	
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Climate	
  Policies	
  

•  No	
  policy/	
  business-­‐as-­‐usual	
  
•  Federal	
  Clean	
  Energy	
  Standard	
  	
  
•  Cap-­‐and-­‐Trade	
  

Transporta)on	
  Policies	
  

•  No	
  build	
  
•  Medium	
  compe))veness	
  
•  High	
  compe))veness	
  

Regional	
  Analysis	
  

•  Regional-­‐level	
  demand	
  forecasts.	
  

•  Regional-­‐level	
  climate	
  policy	
  impacts	
  
(e.g.	
  gross	
  state	
  product,	
  regional	
  
electricity	
  genera)on,	
  etc.)	
  

Source:	
  Joint	
  Program	
  on	
  the	
  Science	
  and	
  Policy	
  of	
  Global	
  Change,	
  
USREP	
  Model	
  Aggrega)on	
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Climate	
  Policy	
  Scenarios	
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No	
  Policy	
  
• Assumed	
  average	
  GDP	
  growth	
  of	
  1.44%	
  per	
  year.	
  
• Average	
  fuel	
  price	
  increase	
  of	
  0.86%	
  per	
  year.	
  

Clean	
  Energy	
  Standard	
  
•  In	
  January	
  2011,	
  Obama	
  administra)on	
  proposed	
  a	
  Federal	
  Clean	
  Energy	
  Standard	
  
(CES).	
  

•  “Clean	
  energy”	
  includes	
  renewables,	
  nuclear,	
  natural	
  gas,	
  and	
  coal	
  with	
  CCS.	
  
•  Federal	
  CES	
  would	
  shir	
  the	
  U.S.	
  electricity	
  produc)on	
  to	
  80%	
  clean	
  energy	
  sources	
  by	
  
2035.	
  

Cap-­‐and-­‐Trade	
  
•  In	
  2009,	
  the	
  House	
  of	
  Representa)ves	
  approved	
  the	
  American	
  Clean	
  Energy	
  and	
  
Security	
  Act	
  of	
  2009	
  (ACES)	
  –	
  also	
  known	
  as	
  the	
  Waxman-­‐Markey	
  Bill.	
  

• Bill	
  proposes	
  a	
  cap-­‐and-­‐trade	
  system,	
  under	
  which	
  there	
  would	
  be	
  a	
  limit	
  on	
  the	
  total	
  
amount	
  of	
  greenhouse	
  gas	
  emissions	
  that	
  can	
  be	
  emiFed	
  na)onally.	
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The	
  Case	
  of	
  California:	
  An	
  Overview	
  

•  Several	
  mul)-­‐airport	
  regions	
  in	
  
California	
  that	
  may	
  face	
  capacity	
  
constraints	
  in	
  the	
  next	
  20-­‐30	
  
years.	
  

•  Current	
  plans	
  to	
  build	
  high-­‐speed	
  
rail	
  from	
  Northern	
  California	
  to	
  
Southern	
  California	
  have	
  
implica)ons	
  for	
  airport	
  capacity	
  
planning.	
  

•  Current	
  Bay	
  Area	
  Regional	
  Airport	
  
System	
  Plan	
  Analysis	
  considers	
  
the	
  poten)al	
  subs)tu)on	
  of	
  HSR	
  
for	
  avia)on	
  in	
  the	
  California	
  
region.	
  

9	
  

MOTIVATION	
  	
  	
  	
  	
  	
  	
  	
  >	
  	
  	
  	
  	
  	
  	
  	
  RESEARCH	
  METHODS	
  	
  	
  	
  	
  	
  	
  >	
  	
  	
  	
  	
  	
  	
  	
  CALIFORNIA	
  	
  	
  	
  	
  	
  	
  	
  >	
  	
  	
  	
  	
  	
  	
  	
  NORTHEAST	
  	
  	
  	
  	
  	
  	
  	
  >	
  	
  	
  	
  	
  	
  	
  AIR-­‐RAIL	
  	
  	
  	
  	
  	
  	
  	
  >	
  	
  	
  	
  	
  	
  	
  	
  CONCLUSIONS	
  



©	
  2012	
  Regina	
  Clewlow	
  

GDP	
  

Climate	
  
Policies	
  

Fuel	
  Prices	
  

Electricity	
  Mix	
  

Mode	
  Choice	
  Air	
  Fares	
  

Aggregate	
  
Demand	
  

Emissions	
  

HSR	
  
Investment	
  

HSR	
  Times	
  &	
  Fares	
  

Avia)on	
  
Demand	
  

HSR	
  
Demand	
  Baseline	
  

Aggregate	
  
Demand	
  

10	
  

The	
  Case	
  of	
  California:	
  Model	
  Development	
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BoHom-­‐up	
  (O-­‐D)	
  baseline	
  air	
  
transporta1on	
  data.	
  

Sources:	
  Bureau	
  of	
  Transporta)on	
  
Sta)s)cs,	
  Bay	
  Area	
  Regional	
  
Airport	
  System	
  Plan	
  Analysis	
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Subs1tu1on	
  under	
  HSR	
  scenarios	
  

Source:	
  O-­‐D	
  subs)tu)on	
  forecasts	
  
Bay	
  Area	
  Regional	
  Airport	
  System	
  
Plan	
  Analysis	
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Climate	
  policy	
  impacts	
  on	
  fuel	
  
price,	
  GDP,	
  and	
  electricity.	
  

Source:	
  MIT	
  Joint	
  Program	
  on	
  the	
  
Science	
  and	
  Policy	
  of	
  Global	
  
Change,	
  USREP	
  model	
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Impact	
  of	
  fuel	
  price	
  and	
  GDP	
  on	
  
demand.	
  

Source:	
  fuel	
  and	
  GDP	
  price	
  
elas)ci)es	
  from	
  summary	
  
literature.	
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Emissions	
  calcula1ons	
  (based	
  on	
  
representa1ve	
  vehicles)	
  

Sources:	
  Emissions	
  Inventory	
  
Guidebook,	
  CAHSRA,	
  Energy	
  
Informa)on	
  Administra)on,	
  BTS	
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California:	
  Total	
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  and	
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  Emissions	
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Total	
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The	
  Northeast	
  Corridor	
  

•  For	
  intercity	
  trips	
  that	
  
are	
  75	
  miles	
  or	
  longer,	
  
Amtrak	
  accounts	
  for	
  
roughly	
  45%	
  of	
  mode	
  
share	
  between	
  air	
  and	
  
rail.	
  

•  Northeast	
  airports	
  are	
  
among	
  the	
  na)on’s	
  
most	
  congested.	
  

•  Approximately	
  one-­‐
third	
  of	
  depar)ng	
  
flights	
  from	
  the	
  three	
  
New	
  York	
  airports	
  have	
  
des)na)ons	
  within	
  500	
  
miles.	
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  Master	
  Plan	
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The	
  Northeast	
  Corridor:	
  HSR	
  Scenarios	
  

•  Two	
  “high-­‐speed	
  
rail”	
  scenarios	
  for	
  
the	
  Northeast	
  
Corridor:	
  
–  NEC	
  Master	
  Plan	
  
–  Next-­‐Gen	
  NEC	
  High-­‐

Speed	
  Rail	
  

•  Next-­‐Gen	
  
	
  Boston-­‐New	
  York	
  
and	
  New	
  York-­‐DC	
  
travel	
  )mes	
  less	
  
than	
  1h	
  30m;	
  
Boston-­‐DC	
  trip	
  )me	
  
less	
  than	
  3h	
  30m.	
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  Vision	
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  High-­‐Speed	
  Rail	
  in	
  the	
  Northeast	
  Corridor	
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Business-­‐as-­‐usual	
   Energy	
  policy/	
  no	
  HSR	
   HSR	
  (Master	
  Plan)	
   HSR	
  (Next-­‐Gen)	
  

CES/	
  HSR	
  (Master	
  Plan)	
   CES/	
  HSR	
  (Next-­‐Gen)	
   CAT/	
  HSR	
  (Master	
  Plan)	
   CAT/	
  HSR	
  (Next-­‐Gen)	
  

68	
  thousand	
  
metric	
  ton	
  
reduc1on	
  

128	
  thousand	
  
metric	
  ton	
  
reduc1on	
  

Next	
  Steps	
  

•  Accoun)ng	
  for	
  induced	
  demand	
  
(par)cularly	
  in	
  the	
  Next-­‐Gen	
  HSR	
  
case).	
  

•  Improved	
  demand	
  forecasts.	
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Lessons	
  Learned	
  from	
  Europe	
  

•  Air-­‐rail	
  connec)vity	
  can	
  
enable	
  poten)ally	
  
desirable	
  capacity	
  shirs.	
  

•  However,	
  op)mizing	
  
u)liza)on	
  requires:	
  

•  HSR	
  link	
  at	
  the	
  airport.	
  
•  Significant	
  coordina)on	
  

between	
  airport	
  planners,	
  
airlines,	
  and	
  high-­‐speed	
  
rail	
  operators	
  (e.g.	
  
)cke)ng	
  and	
  coordina)on	
  
of	
  )metables).	
  

•  High	
  frequency	
  service.	
  

Frankfurt	
  Airport:	
  A	
  Special	
  Case	
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Conclusions	
  

•  Even	
  with	
  fairly	
  low	
  to	
  average	
  load	
  factor	
  assump)ons	
  (25%	
  up	
  to	
  50%),	
  
total	
  emissions	
  of	
  the	
  next	
  genera)on	
  of	
  high-­‐speed	
  trains	
  represents	
  
significant	
  environmental	
  savings.	
  

•  Climate	
  impacts	
  are	
  even	
  further	
  reduced	
  when	
  climate	
  policies	
  are	
  
enacted	
  concurrent	
  with	
  development	
  of	
  new	
  transporta)on	
  
infrastructure.	
  

–  Under	
  a	
  Clean	
  Energy	
  Standard	
  or	
  Cap-­‐and-­‐Trade	
  program	
  in	
  California,	
  
transporta)on	
  emissions	
  would	
  be	
  further	
  reduced	
  by	
  roughly	
  10%	
  in	
  
2035	
  and	
  up	
  to	
  23.5%	
  in	
  2050	
  (on	
  an	
  annual	
  basis).	
  

–  The	
  rela)ve	
  climate	
  emissions	
  savings	
  are	
  likely	
  to	
  vary	
  from	
  region	
  to	
  
region.	
  

•  However,	
  there	
  are	
  significant	
  uncertain)es	
  in	
  demand	
  forecasts,	
  
par)cularly	
  re:	
  subs)tu)on	
  by	
  mode	
  and	
  induced	
  demand.	
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  Scien)sts	
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