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BC	
  from	
  TransportaFon:	
  How	
  much	
  now,	
  and	
  future?	
  



Program	
  of	
  research:	
  Transi1on	
  in	
  large,	
  complex	
  energy	
  systems	
  
Characterizing	
  micro	
  dynamics	
  and	
  rela1onship	
  to	
  macro	
  outcomes	
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Simulate	
  impacts	
  
Models:	
  Global	
  &	
  China	
  regional	
  
Capture	
  regional	
  heterogeneity	
  
Evaluate	
  policy	
  change	
  

Inform	
  decisions	
  
China	
  &	
  other	
  
emerging	
  countries	
  
Policy	
  /	
  management	
  

www.steel-­‐plant.cn/	
  

Observe	
  reality	
  
Firm	
  &	
  household	
  
surveys	
  
	
  
Case	
  studies	
  &	
  
econometric	
  
analysis	
  
	
  
!	
  Quan1fy	
  
implementa1on	
  
challenges	
  

CECP	
  Team	
  ongoing	
  research:*	
  
"  China	
  carbon	
  policy	
  &	
  emissions	
  

trading	
  system	
  design	
  
"  Transporta1on	
  choices	
  &	
  energy	
  
"  Urbaniza1on	
  &	
  energy	
  
"  Wind	
  energy	
  integra1on	
  
"  Impacts	
  on	
  air	
  pollu1on	
  &	
  health	
  	
  

*	
  Papers	
  available	
  on	
  CECP	
  web	
  site:	
  globalchange.mit.edu/cecp	
  

Outreach:	
  
"  Policy	
  communica1on	
  
"  Annual	
  Stakeholders	
  

Mee1ng	
  in	
  Beijing	
  



MIT	
   Tsinghua	
  U.	
  

Our	
  Team:	
  Tsinghua-­‐MIT	
  China	
  Energy	
  and	
  Climate	
  Project	
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MIT	
  Founding	
  Sponsors:	
  

A	
  collabora1ve	
  research	
  effort	
  to	
  develop	
  new	
  tools	
  and	
  analysis	
  for	
  
suppor1ng	
  strong	
  climate	
  and	
  energy	
  decisions	
  in	
  China.	
  

Sustaining	
  Sponsors:	
  

Ins1tute	
  for	
  Energy,	
  
Environment	
  and	
  
Economy	
  

Joint	
  Program	
  on	
  the	
  
Science	
  and	
  Policy	
  of	
  

Global	
  Change	
  

•  12	
  team	
  members	
  (6	
  students)	
  

•  Closely	
  integrated	
  research	
  team	
  	
  

•  Separate	
  funding	
  at	
  MIT	
  &	
  Tsinghua	
  	
  

•  Offices	
  in	
  Cambridge	
  &	
  Beijing	
  

Tsinghua	
  Sponsors:	
  

NDRC	
  MOST	
  NEA	
  



CECP	
  has	
  developed	
  the	
  Regional	
  Emissions	
  Air	
  Quality	
  
Climate	
  and	
  Health	
  (REACH)	
  modeling	
  framework	
  to	
  analyze	
  
the	
  impacts	
  of	
  China’s	
  energy	
  and	
  environmental	
  policies
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2 Projected Emissions	
  
REAS	
  emissions	
  inventory:	
  NOX,	
  SO2,	
  

VOC,	
  BC,	
  OC,	
  CO,	
  NH3,	
  CO2

1	
  Energy-­‐Economic	
  Model	
  
China	
  Regional	
  Energy	
  Model	
  (C-­‐REM)


Policy	
  
Scenarios


3 Atmos. Chemistry model	
  
•  GEOS-­‐Chem	
  
•  WRF-­‐Chem


4	
  Health	
  Effects	
  
Uses	
  latest	
  es1mates	
  from	
  Chinese	
  

sources


Air	
  
Quality


Source:	
  Ongoing	
  group	
  research,	
  2015.	
  

We	
  are	
  applying	
  this	
  framework	
  
to	
  analyze	
  the	
  impact	
  of	
  
economy-­‐wide	
  and	
  
transporta0on-­‐specific	
  policies.	
  



Modeling	
  transportaFon	
  (BC)	
  emissions	
  in	
  China:	
  	
  
Five	
  learnings	
  

1.  Transporta1on	
  contributes	
  modestly	
  to	
  total	
  BC	
  (and	
  other)	
  
emissions	
  in	
  China—with	
  big	
  regional	
  varia1on.	
  

2.  Huge	
  measurement	
  uncertainty	
  in	
  underlying	
  inventories.	
  

3.  Huge	
  uncertainty	
  in	
  future	
  trends:	
  vehicles	
  vs.	
  public	
  transport	
  
vs.	
  car	
  sharing	
  /	
  e-­‐Commerce	
  freight	
  /	
  economic	
  situa1on	
  

4.  Models	
  ofen	
  do	
  not	
  capture	
  important	
  dynamics	
  in	
  transi1on	
  
economies	
  that	
  affect	
  household	
  (transport)	
  BC	
  sources.	
  

5.  Good	
  policy	
  on	
  the	
  books	
  is	
  not	
  the	
  problem	
  –	
  main	
  problem	
  is	
  
implementa1on.	
   5	
  



1)	
  Emissions	
  from	
  transporta1on	
  in	
  China	
  –	
  2007	
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Transporta1on	
  is	
  a	
  small	
  but	
  
important	
  share	
  of	
  total	
  air	
  
pollu1on	
  and	
  CO2	
  emissions.	
  
	
  
•  Is	
  expected	
  to	
  grow	
  

significantly	
  in	
  the	
  future.	
  

•  Is	
  highly	
  concentrated	
  in	
  
urban	
  centers.	
  

•  Accoun0ng	
  issues—e.g.	
  some	
  
“industrial”	
  use	
  may	
  be	
  
transport.	
  

	
  
	
  
	
  
	
  
Source:	
  Kurokawa	
  et	
  al.,	
  (2013).	
  
REAS	
  Emissions	
  Inventory	
  2.1.	
  



Transporta1on	
  accounts	
  for	
  a	
  modest	
  share	
  of	
  
primary	
  pollutant	
  emissions	
  (Tg)	
  (2007)	
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Not	
  shown:	
  OC	
  and	
  SO2	
  –	
  transporta1on	
  is	
  a	
  very	
  small	
  share	
  of	
  both	
  totals.	
  

Source:	
  Kurokawa	
  et	
  al.,	
  (2013).	
  
REAS	
  Emissions	
  Inventory	
  2.1.	
  



Comparing	
  trends	
  in	
  provinces	
  across	
  China	
  (1)	
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Beijing:	
  Black	
  Carbon	
  Emissions	
  	
  

Powerplant	
  

Off	
  Road	
  

On	
  Road	
  

Industry	
  

Domes1c	
  

Source:	
  Kurokawa	
  et	
  al.,	
  (2013).	
  REAS	
  Emissions	
  Inventory	
  2.1.	
  



Comparing	
  trends	
  in	
  provinces	
  across	
  China	
  (2)	
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Guangdong:	
  Black	
  Carbon	
  Emission	
  

Powerplant	
  

Off	
  Road	
  

On	
  Road	
  

Industry	
  

Domes1c	
  

Source:	
  Kurokawa	
  et	
  al.,	
  (2013).	
  REAS	
  Emissions	
  Inventory	
  2.1.	
  



Contrast	
  to	
  developed	
  regions,	
  even	
  within	
  Asia	
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Hong	
  Kong:	
  Black	
  Carbon	
  Emissions	
  	
  

Powerplant	
  

Off	
  Road	
  

On	
  Road	
  

Industry	
  

Domes1c	
  

Source:	
  Kurokawa	
  et	
  al.,	
  (2013).	
  REAS	
  Emissions	
  Inventory	
  2.1.	
  



2)	
  BC	
  emissions	
  –	
  comparing	
  studies	
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Source:	
  W.W.	
  Song	
  et	
  al.	
  (2012).	
  Atmospheric	
  Environment,	
  51,	
  320-­‐328.	
  



REAS	
  Inventory	
  Development	
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Source:	
  Kurokawa	
  et	
  al.,	
  (2013).	
  REAS	
  Emissions	
  Inventory	
  2.1.	
  

Regional	
  Emission	
  inventory	
  in	
  ASia	
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China	
  Sta1s1cal	
  Yearbook,	
  2011.	
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Difference	
  possibly	
  due	
  to	
  inclusion	
  of	
  motorcycles	
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poor	
  rural	
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  accoun1ng	
  /	
  off-­‐road	
  vehicles	
  



Vehicle	
  travel	
  per	
  year	
  varies	
  by	
  vehicle	
  and	
  service	
  type	
  

Source:	
  Huo	
  et	
  al.,	
  2012.	
  

Taxis	
  

Private	
  and	
  business	
  light-­‐duty	
  vehicles	
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Today:	
  Beijing	
  wants	
  
consumers	
  to	
  buy	
  cars,	
  
but	
  not	
  to	
  drive	
  them?	
  
	
  
Low	
  mileage	
  in	
  ci1es	
  
may	
  bring	
  down	
  
average	
  going	
  forward.	
  



3)	
  1978	
  mode	
  share	
  of	
  rail	
  has	
  decreased,	
  while	
  vehicles	
  and	
  
avia1on	
  mode	
  shares	
  increased.	
  What	
  will	
  the	
  future	
  look	
  like?	
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  China	
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  2011.	
  



Will	
  other	
  ci1es	
  look	
  like	
  Beijing	
  or	
  like	
  Shanghai?	
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Source:	
  China	
  Sta1s1cal	
  Yearbook,	
  2012;	
  Figure	
  by	
  Paul	
  Kishimoto.	
  



The	
  new	
  normal?	
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4)	
  Models	
  do	
  not	
  correctly	
  capture	
  the	
  rela1onship	
  between	
  rising	
  income	
  and	
  
energy	
  demand	
  –	
  income	
  elas1ci1es	
  ofen	
  far	
  less	
  than	
  1	
  and	
  are	
  not	
  stable	
  

CECP	
  Research:	
  Luo	
  &	
  Caron,	
  2015,	
  data	
  gathered	
  through	
  mul1-­‐university	
  collabora1on.	
  
18	
  

Rela1onship	
  between	
  income	
  and	
  household	
  energy	
  demand	
  

Curves	
  fired	
  to	
  household	
  micro-­‐data,	
  2014	
  



Depar1ng	
  from	
  income	
  elas1city	
  =	
  1	
  makes	
  a	
  big	
  
difference…	
  

•  In	
  projec1on	
  to	
  2030,	
  CO2	
  emissions	
  due	
  to	
  
household	
  direct	
  energy	
  use	
  is	
  65%	
  lower	
  when	
  we	
  
account	
  for	
  income	
  dependence	
  of	
  spending.	
  

•  Has	
  the	
  effect	
  of	
  lowering	
  projected	
  CO2	
  emissions	
  in	
  
2030	
  by	
  ~6%.	
  

•  Need	
  to	
  berer	
  understand	
  drivers	
  of	
  fuel	
  switching	
  
at	
  the	
  household	
  level.	
  

•  Future	
  work	
  will	
  examine	
  impacts	
  on	
  BC	
  and	
  other	
  
air	
  pollutants.	
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5)	
  Policy	
  on	
  the	
  books	
  is	
  not	
  (the	
  main)	
  problem…	
  
•  Full	
  implementa1on	
  of	
  China	
  3	
  standards	
  has	
  been	
  very	
  hard	
  

to	
  achieve—will	
  China	
  4,	
  5,	
  or	
  6	
  be	
  different?	
  
•  Vehicle	
  standards	
  implemented	
  by	
  Environment	
  Ministry,	
  but	
  

fuel	
  standards	
  controlled	
  by	
  Standardiza1on	
  Administra1on	
  
of	
  China—commirees	
  to	
  research	
  standards	
  represent	
  oil	
  
company	
  interests.	
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Reuters,	
  2015	
  

•  Oil	
  companies	
  argued	
  that	
  
they	
  require	
  financial	
  
support	
  to	
  make	
  
necessary	
  changes—
repeatedly	
  delaying	
  
implementa1on—State	
  
Council	
  intervened.	
  

•  Our	
  results	
  suggest	
  that	
  full	
  implementaFon	
  of	
  China	
  3	
  
would	
  make	
  a	
  big	
  difference.	
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Fully	
  adop1ng	
  China	
  3	
  standards	
  na1onwide	
  by	
  2020	
  results	
  in	
  a	
  
reduc1on	
  in	
  PM2.5	
  ranging	
  from	
  8-­‐20	
  µg/m3	
  across	
  China	
  

Reduc1on	
  in	
  emissions	
   Reduc1on	
  in	
  concentra1ons	
  

Source:	
  Min	
  et	
  al.,	
  2015	
  –	
  Work	
  in	
  progress.	
  	
  



Modeling	
  transportaFon	
  (BC)	
  emissions	
  in	
  China:	
  	
  
Five	
  learnings	
  

1.  Transporta1on	
  contributes	
  modestly	
  to	
  total	
  BC	
  (and	
  other)	
  
emissions	
  in	
  China—with	
  big	
  regional	
  varia1on.	
  

2.  Huge	
  measurement	
  uncertainty	
  in	
  underlying	
  inventories.	
  

3.  Huge	
  uncertainty	
  in	
  future	
  trends:	
  vehicles	
  vs.	
  public	
  transport	
  
vs.	
  car	
  sharing	
  /	
  e-­‐Commerce	
  freight	
  /	
  economic	
  situa1on	
  

4.  Models	
  ofen	
  do	
  not	
  capture	
  important	
  dynamics	
  in	
  transi1on	
  
economies	
  that	
  affect	
  household	
  (transport)	
  BC	
  sources.	
  

5.  Good	
  policy	
  on	
  the	
  books	
  is	
  not	
  the	
  problem	
  –	
  main	
  problem	
  is	
  
implementa1on.	
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Thank	
  you	
  
谢谢!	
  

globalchange.mit.edu/cecp	
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