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Historical	
  Emission	
  of	
  Radiative	
  Species

Lamarque	
  et	
  al,	
  2010

•	
  Historical	
  aerosol	
  emissions	
  have	
  been	
  developed	
  for	
  climate	
  simula*on.	
  	
  



Historical	
  Evolu*on	
  of	
  AOD

Lamarque	
  et	
  al,	
  2010

•	
  The	
  emissions	
  produce	
  significant	
  increases	
  in	
  AOD	
  across	
  northern	
  hemisphere.	
  	
  



3.1.1 Anthropogenic emissions at the global scale

Figure 1 displays the global anthropogenic emissions of BC, CO, NOx and SO2 at the
global scale. These totals include ship emissions. SO2 and BC emissions are available from
13 to 12 inventories, respectively, while ten inventories provide emissions for CO and NOx.

Most of the inventories providing BC show a slight increase in the emissions since 1980.
However, the Junker and Liousse (J&L) inventory as well as the Novakov data show a

Table 2 List of inventories and time periods considered for the evaluation of biomass burning emission

Acronym Period Spatial resolution Reference and/or website

GFED2 1997–2008 1°×1° http://ess1.ess.uci.edu/~jranders/data/GFED2/

van der Werf et al. 2006

GFED3 1997–2009 0.5°×0.5° http://www.falw.vu/~gwerf/GFED/index.htm

van der Werf et al. 2010

GICC 1997–2005 0.5°×0.5° http://www.aero.jussieu.fr/projet/ACCENT/GICC.php

Mieville et al. 2010

AMMABB 2000–2007 1×1 km Liousse et al. 2010

Kloster 1980–2005 1.9°×2.5° Kloster et al. 2010

RETRO 1980–2000 0.5°×0.5° http://retro.enes.org

MACCity 1980–2008 0.5°×0.5° http://ether.ipsl.jussieu.fr/eccad

ftp://ftp-ipcc.fz-juelich.de/pub/emissions/
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Fig. 1 Comparisons of global emissions of BC (top left), CO (top right), NOx (bottom left) and SO2 (bottom
right) from 1980 to 2010. SO2 total emissions from Stern (2006) are also included in the figure
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Recent	
  Trends	
  in	
  Aerosol	
  Emissions

Granier	
  et	
  al,	
  2011

•	
  Global	
  BC	
  emissions	
  have	
  increased	
  while	
  SO2	
  emissions	
  have	
  decreased	
  since	
  1980.	
  	
  



and EDGAR emissions are rather close, and about 33% higher than the RETRO, EMEP,
TNO, INERIS and GAINS, which are close to each other. The difference between the
lowest and highest emission reaches 60% in 1990 and 58% in 2000.
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Fig. 2 Evolution of the emissions of the emissions of BC (1st row), CO (2nd row), NOx (3rd row) and SO2

(last row) emissions in Western Europe (left column) and Central Europe (right column) from 1980 to 2010
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Fig. 5 Emissions of BC (top left), CO (to right), NOx (bottom left) and SO2 (bottom right) in India from
1980 to 2010
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Fig. 4 Emissions of BC (top left), CO (to right), NOx (bottom left) and SO2 (bottom right) in China from
1980 to 2010
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Recent	
  Trends	
  in	
  SO2	
  by	
  Region

•	
  The	
  declining	
  global	
  emissions	
  of	
  SO2	
  result	
  from	
  opposing	
  regional	
  trends.	
  

Granier	
  et	
  al,	
  2011



The	
  CMIP5	
  climate	
  simula@on	
  protocol

•	
  The	
  Coupled	
  Model	
  Intercomparison	
  Protocol	
  (CMIP5)	
  is	
  the	
  basis	
  for	
  AR5.
•	
  It	
  includes	
  a	
  new	
  set	
  of	
  simula*ons	
  for	
  the	
  historical	
  record:	
  1850	
  -­‐	
  2005.

Taylor	
  et	
  al,	
  2011



The	
  CMIP5	
  Models

• To	
  address	
  process
uncertain@es,	
  CMIP5
includes	
  output	
  from
>22	
  different	
  centers.

• Same	
  forcings	
  are	
  used
in	
  these	
  models	
  for	
  a	
  
uniform	
  ensemble.



Representa*ve	
  Concentra*on	
  
Pathways	
  (RCPs)

Moss	
  et	
  al,	
  2010

•	
  The	
  RCPs	
  include	
  several	
  mi*ga*on	
  scenarios	
  with	
  range	
  of	
  2100	
  forcings.
•	
  The	
  RCP	
  emissions	
  are	
  harmonized	
  with	
  the	
  historical	
  emissions.



Radia*ve	
  Forcing	
  and	
  CO2	
  in	
  the	
  RCPs

Moss	
  et	
  al,	
  2010

•	
  Consistency	
  in	
  GHG+aerosol	
  forcing	
  is	
  a	
  key	
  element	
  of	
  CMIP5	
  design.
•	
  Roughly	
  2/3	
  to	
  3/4	
  of	
  warming	
  to	
  2025	
  is	
  due	
  to	
  historical	
  emissions.	
  
•	
  We	
  have	
  analyzed	
  ~15	
  models	
  available	
  now	
  in	
  CMIP5	
  archives.



Present-­‐Day	
  Aerosol	
  Op*cal	
  Depth

•	
  AOD	
  for	
  all	
  species	
  has	
  differed	
  since	
  start	
  of	
  simula*ons	
  in	
  1850.
•	
  Current	
  AODs	
  vary	
  across	
  ensemble	
  by	
  factor	
  of	
  >4.
•	
  Resul*ng	
  varia*on	
  in	
  clear-­‐sky	
  direct	
  forcing	
  is	
  O(5	
  W/m2).	
  	
  

2000-­‐2005

Seasonal	
  cycle



Comparison	
  of	
  CMIP5	
  AODs	
  vs	
  GACP

•	
  Compared	
  to	
  earlier	
  global	
  AOD	
  retrievals,	
  modeled	
  AOD	
  trends	
  are	
  ~0.
•	
  Liale	
  evidence	
  in	
  simula*ons	
  for	
  global	
  brightening	
  manifested	
  in	
  AOD.
•	
  This	
  is	
  consistent	
  with	
  recent	
  assimila*on-­‐quality	
  MODIS	
  retrievals.



Ensemble	
  AOD	
  for	
  2000-­‐2005



AOD	
  for	
  Par*cles	
  <	
  1	
  μm

2000-­‐2005

•	
  Es*mates	
  of	
  fine-­‐mode	
  frac*on	
  of	
  AOD	
  differ	
  by	
  factor	
  of	
  ~3.
•	
  The	
  differences	
  persist	
  over	
  *me	
  span	
  of	
  the	
  simula*ons.



Ensemble	
  Fine-­‐Mode	
  AOD

The	
  largest	
  rela*ve	
  variability	
  
occurs	
  in	
  remote	
  regions,	
  e.g.,	
  
Pacific	
  Ocean	
  near	
  Antarc*ca



Frac@on	
  of	
  AOD	
  in	
  Fine	
  Mode	
  <	
  1	
  μm	
  

•	
  There	
  are	
  >2	
  clusters	
  of	
  aerosol	
  microphysical	
  representa*ons.
•	
  These	
  clusters	
  may	
  contain	
  different	
  frac*ons	
  of	
  anthropogenic	
  aerosols.
•	
  However,	
  differences	
  are	
  greatest	
  for	
  lowest	
  anthropogenic	
  emissions.



Load	
  of	
  SO4

2000-­‐2005

•	
  Despite	
  supposedly	
  common	
  emissions	
  data,	
  SO4	
  loads	
  vary	
  by	
  factor	
  of	
  ~3.
•	
  There	
  are	
  also	
  large	
  varia*ons	
  in	
  the	
  seasonal	
  cycle	
  magnitude.



Ensemble	
  Load	
  of	
  SO4



Emissions	
  of	
  SO2

19

2000-­‐2005

•	
  There	
  are	
  ~33%	
  differences	
  in	
  SO2	
  emissions	
  for	
  present	
  day.
•	
  This	
  explains	
  a	
  small	
  frac*on	
  of	
  varia*on	
  in	
  SO4	
  loads	
  across	
  ensemble.



Ensemble	
  Emissions	
  of	
  SO2	
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Dry	
  Deposi*on	
  of	
  SO2

21

2000-­‐2005

•	
  Most	
  models	
  analyzed	
  to	
  date	
  have	
  similar	
  rates	
  of	
  dry	
  deposi*on.



Ensemble	
  Dry	
  Deposi*on	
  of	
  SO2
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The	
  smallest	
  rela*ve	
  variability	
  
occurs	
  in	
  source	
  regions.



Wet	
  Deposi*on	
  of	
  SO4

23

2000-­‐2005

•	
  In	
  contrast	
  to	
  dry	
  deposi*on,	
  wet	
  deposi*on	
  varies	
  by	
  factor	
  of	
  >10.
•	
  Seasonal	
  cycle	
  in	
  wet	
  deposi*on	
  generally	
  <<	
  cycle	
  in	
  dry	
  deposi*on.



Ensemble	
  Wet	
  Deposi*on	
  of	
  SO4
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Characteris*c	
  Life*me	
  of	
  SO4

25
•	
  Characteris*c	
  life*me	
  of	
  SO4	
  is	
  es*mated	
  by	
  t	
  ~	
  load	
  /	
  (wet	
  +	
  dry	
  sinks).
•	
  	
  Range	
  of	
  	
  t	
  varies	
  by	
  factors	
  of	
  3	
  in	
  1950s	
  to	
  2	
  in	
  early	
  2000s.



Load	
  of	
  Black	
  Carbon

26

2000-­‐2005

•	
  Most	
  models	
  share	
  similar	
  loads	
  of	
  black	
  carbon	
  aerosols	
  for	
  present	
  day.
•	
  This	
  reflects	
  the	
  more	
  complete	
  specifica*on	
  of	
  species	
  in	
  RCPs	
  and	
  historical	
  BCs.



Ensemble	
  Load	
  of	
  Black	
  Carbon

27

The	
  largest	
  rela*ve	
  variability	
  
occurs	
  northern	
  polar	
  regions.

Implica*ons	
  for	
  forcing	
  by	
  BC	
  on	
  
snow,	
  sea	
  ice,and	
  land	
  ice?



•	
  The	
  CMIP5	
  simula*ons	
  are	
  broadly	
  consistent	
  with	
  historical	
  emissions.

•	
  In	
  improvement	
  to	
  CMIP3,	
  emissions	
  and	
  AOD	
  are	
  con*nuous	
  at	
  present	
  day.

•	
  There	
  is	
  considerable	
  diversity	
  in	
  the	
  simulated	
  aerosol	
  proper*es,	
  including:

‣	
  Aerosol	
  op*cal	
  depth	
  
‣	
  Frac*on	
  of	
  op*cal	
  depth	
  in	
  fine	
  mode	
  (<	
  1	
  μm)

‣	
  Load	
  of	
  sulphate	
  aerosol
‣	
  Characteris*c	
  life*me	
  of	
  sulphate	
  aerosol

‣	
  Transport	
  of	
  anthropogenic	
  aerosols	
  to	
  polar	
  regions,	
  esp.	
  the	
  Arc*c.
•	
  This	
  diversity	
  imply	
  the	
  aerosol	
  forcing	
  in	
  historical	
  simula*ons	
  is	
  not	
  uniform.

•	
  The	
  differences	
  will	
  carry	
  forward	
  into	
  decadal	
  projec*ons	
  of	
  climate	
  change.

Conclusions
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