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[Lamarque	  et	  al.,2012]	  

CESM	  has	  a	  large	  posi.ve	  bias	  in	  summer.me	  
surface	  O3	  over	  eastern	  US	  and	  Europe	  

Summer(me	  posi(ve	  bias	  is	  a	  persistent,	  well-‐known	  issue	  in	  chemical	  
models	  	  (e.g.	  Murakaki	  and	  Hess,	  2006,	  Fiore	  et	  al	  2009,	  Lapina	  et	  al	  2014)	  

Europe	  United	  States	  

What	  is	  the	  role	  of	  dry	  deposi.on	  in	  this	  posi.ve	  bias?	  



Linking	  the	  dry	  deposi.on	  velocity	  code	  to	  vegeta.on	  
Parameteriza(on	  based	  on	  
Wesely,	  (1989)	  mul(ple	  resistance	  
approach	  

Calcula(on	  takes	  place	  in	  CLM	  for	  	  
each	  PFT,	  	  and	  the	  weighted-‐mean	  
velocity	  	  is	  then	  transferred	  to	  
CAM-‐Chem	  

Standard	  Scheme	   LAI-‐Coupled	  Scheme	  

[Wesely,	  1989]	   [Collatz	  et	  al.,	  1991;	  Sellers	  et	  al,	  1996]	  

for	  sunlit	  (rssun)	  and	  shaded	  leaves	  (rssha)	  

Scaled	  to	  the	  
bulk	  canopy	  



Standard	  Scheme	   LAI-‐Coupled	  Scheme	  

[Wesely,	  1989]	   [Baldocchi	  et	  al.,	  1987;	  Gao	  and	  Wesely,	  1995]	  

Linking	  the	  dry	  deposi.on	  velocity	  code	  to	  vegeta.on	  
Parameteriza(on	  based	  on	  
Wesely,	  (1989)	  mul(ple	  resistance	  
approach	  

Calcula(on	  takes	  place	  in	  CLM	  for	  	  
each	  PFT,	  	  and	  the	  weighted-‐mean	  
velocity	  	  is	  then	  transferred	  to	  
CAM-‐Chem	  

Scaled	  to	  the	  
bulk	  canopy	  
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Significant	  changes	  in	  dry	  deposi.on	  velocity	  and	  
surface	  O3	  when	  the	  scheme	  is	  coupled	  to	  LAI	  

O3	  dry	  Deposi.on	  Velocity	   Surface	  O3	  

[Val	  Mar(n	  et	  al.,	  in	  prepara(on,2014a]	  
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The	  dry	  deposi.on	  schemes	  substan.ally	  
overes.mates	  day.me	  stomatal	  resistance	  	  	  
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C3 Crop
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Rs	  is	  overes(mated	  by	  a	  factor	  of	  ~5	  
We	  op(mized	  the	  “LAI-‐coupled	  scheme”	  
by	  applying	  a	  factor	  of	  0.2	  to	  Rs	  
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Day(me	  simulated	  versus	  observed	  Rs	  	  	  

[Val	  Mar(n	  et	  al.,	  in	  prepara(on,2014a]	  
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O3	  dry	  deposi.on	  velocity	   Surface	  O3	  

O3	  dry	  deposi.on	  velocity	  is	  
very	  sensi.ve	  to	  Rs	  in	  

densely	  vegetated	  regions	  

Summer	  LAI	  
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Broadleaf Deciduous Temperate Forest
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O3	  Vd	  is	  	  significantly	  improved	  with	  the	  LAI-‐
dependence	  over	  densely	  vegetated	  regions	  	  

Seasonal	  cycle	  of	  midday	  (9:00-‐15:00)	  O3	  dry	  deposi(on	  velocity	  
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Seasonal	  cycle	  of	  LAI	  

Observa(ons	  from	  Wu	  et	  al.	  [2011],	  Padro	  et	  al.	  [1991,	  1992,	  1994],	  	  Finkelstein	  et	  al.	  [2000],	  
Meyers	  et	  al.	  [1998]	  and	  Gao	  and	  Wesely	  [1995]	  



LAI-‐coupled	  simula.ons	  improve	  surface	  O3,	  yet	  it	  is	  
s.ll	  overes.mated	  	  	  	  	  
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Original:	  +30	  ppb	  	  
Coupled:	  +23	  ppb	  
Op.mized:	  +14	  ppb	  

Original:	  +13	  ppb	  	  
Coupled:	  +10	  ppb	  
Op.mized:	  +5	  ppb	  

Simulated	  versus	  observed	  summer(me	  surface	  O3	  	  	  



RCP4.5 RCP8.5

Changes	  in	  the	  dry	  deposi.on	  scheme	  and	  
implica.ons	  for	  the	  RCP	  O3	  simula.ons	  	  	  

RCP45	  

2050-‐2000	  changes	  in	  summer(me	  O3	  MDA-‐8	  due	  to	  emissions,	  climate	  and	  land	  cover/use	  	  
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RCP85	  

[Val	  Mar(n	  et	  al.,	  in	  prep.,	  2014b]	  
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The	  standard	  dry	  deposi.on	  code	  may	  overes.mate	  
changes	  in	  O3	  in	  some	  US	  regions	  
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Regional	  summer(me	  O3	  MDA-‐8	  probability	  distribu(ons	  

Great Plains
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ΔRCP4.5:	  	  -‐31	  ppb	  
ΔRCP8.5:	  	  -‐26	  ppb	  

	  -‐7	  ppb	  
+4	  ppb	  

	  -‐6	  ppb	  
+3	  ppb	  

ΔRCP4.5:	  	  -‐25	  ppb	  
ΔRCP8.5:	  	  -‐21	  ppb	  

	  20%	  larger	  
decreases	  in	  
2050-‐2000	  
during	  most	  
polluted	  days	  

Li2le	  
difference	  



Wrapping-‐up….	  

Coupling	  the	  dry	  deposi(on	  to	  
vegeta(on	  improves	  significantly	  
surface	  O3	  over	  densely	  
vegetated	  regions	  

The	  effect	  of	  changes	  in	  the	  dry	  
deposi(on	  code	  in	  other	  species	  
and	  above	  900	  hPa	  is	  negligible	  

Further	  work	  is	  needed	  to	  
understand	  the	  causes	  in	  the	  Rs	  
bias	  and	  implica(ons	  to	  the	  
hydrological	  and	  carbon	  cycles	  

The	  LAI-‐coupled	  and	  
Op.mized	  dry	  deposi.on	  
codes	  are	  available	  for	  

CESM1.1.1	  and	  CESM1.2.0	  


