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Community Atmosphere Model (CAM5) 
global, Δx usually > 1 degree 

black carbon 
distribution 

Weather Research & Forecasting (WRF) 
regional, Δx ranges from 1 to 100 km 

downscaling with consistent physics 

boundary conditions 
(meteorology, aerosol, chemistry, surface flux) 

improved 
treatments 

dx = 2 deg dx = 20 km 

CAM5%“package”%

deep"convec*on"
shallow"convec*on"
boundary"layer"
microphysics"

frac*onal"cloud"
aerosol"

emissions"

Concept 



Macrophysics 

•  Cloud	
  fracIon	
  
•  Large-­‐scale	
  condensaIon	
  and	
  evaporaIon	
  
•  Aerosol	
  acIvaIon	
  and	
  re-­‐suspension	
  
•  Detrainment	
  of	
  liquid	
  and	
  ice	
  condensate	
  (mass+number)	
  from	
  convecIons	
  (treated	
  in	
  

physics_addtendc)	
  

dt	
  



Code implementation 

blue = existing modules 
red = new modules 

Interface between WRF 
and CAM minimal changes minimal changes 

/phys 

camzm_driver 

camuwpbl 

camuwschcu_driver 

C
A

M
5 subroutines 

cammgmp 

/dyn_em 

WRF CAM5 

solve_em 

first_rk_step_part1 

cumulus_driver 

pbl_driver 

shallowcu_driver 

microphysics_driver /chem 
chem_driver emission_driver cam_mam_addemiss 

gas_wetdep_driver 

zm_conv_tend_2 

wetscav_driver wetscav_cam_mam_driver 

aerosol_driver cam_mam_aerochem_driver 

cloudchem_driver cam_mam_cloudchem_driver 

dry_dep_driver 



ARCTAS/ARCPAC/ISDAC (April, 2008) 

Convair, B-200, DC-8, P3-B	





Meteorology 



Clouds 



Vertical profile of BC  



Vertical BC Distributions 
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" Complex layers produced by Dx = 10km simulation 

" Simulated peak concentrations factor of ~2 too low 

Dx = 160 km Dx = 80 km Dx = 40 km Dx = 20 km Dx = 10 km 

Simulated BC Concentration Along DC-8 Flight Path mg m-3 

observed  Dx = 160 km,  80 km,  40 km,  20 km,  10 km 



PSAP surface measurement of BC  



Resolution dependence of BC transport 
CAM5 WRF 160 km WRF 80 km 

WRF 40 km WRF 20 km WRF 10 km 

CAM5 WRF 160 km WRF 80 km 

WRF 40 km WRF 20 km WRF 10 km 
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CAM5    0.3 
160 km  3.4 
80 km  34.0 
40 km  46.9 
20 km  54.3 
10 km  51.6 

Barrow (ng/kg) 

domain average 
= 0.2 for all 



Cloud susceptibility to aerosol forcing 

Implica(on:	
  aerosol	
  indirect	
  forcing	
  decreases	
  with	
  increasing	
  resolu(on	
  



AOT over Barrow and Bonanza Creek 
(AERONET sites) 



LWC at Barrow (ARM-NSA) 

Observed mean Observed max Observed min CAM5 

CAM5 80 km CAM5 40 km CAM5 20 km CAM5 10 km 

MESO 80 km MESO 40 km MESO 20 km MESO 10 km 

1.23e-3 0.15e-3 0.37e-3 4.23e-3 

2.11e-3 3.02e-3 3.28e-3 1.98e-3 

0.87e-3 1.35e-3 1.27e-3 1.25e-3 



IWC at Barrow (ARM-NSA) 

Observed mean Observed max Observed min CAM5 

CAM5 80 km CAM5 40 km CAM5 20 km CAM5 10 km 

MESO 80 km MESO 40 km MESO 20 km MESO 10 km 

0.018 0.026 0.007 0.041 

0.011 0.010 0.011 0.014 

0.003 0.003 0.003 0.003 



Summary 

•  CAM5	
  physics	
  suite	
  (aerosol,	
  cloud,	
  deep	
  and	
  shallow	
  convecIons,	
  turbulence)	
  has	
  
been	
  implemented	
  in	
  WRF	
  (and	
  WRF-­‐Chem)	
  

•  CAM5	
  physics	
  show	
  some	
  resolu(on	
  dependency	
  on	
  long-­‐range	
  aerosols	
  transport	
  
and	
  aerosol-­‐cloud	
  interac(ons,	
  but	
  large	
  bias	
  sIll	
  remains	
  

•  WRF	
  with	
  a	
  typical	
  set	
  of	
  WRF	
  physics	
  does	
  not	
  reduce	
  the	
  model	
  bias	
  when	
  the	
  
model	
  is	
  driven	
  by	
  the	
  same	
  iniIal	
  and	
  boundary	
  condiIons	
  

•  Allowing	
  frac(onal	
  clouds	
  produces	
  more	
  clouds—results	
  beTer-­‐agreed	
  with	
  
observaIons	
  

•  WRF-­‐CAM5	
  (Ma	
  et	
  al)	
  has	
  been	
  applied	
  to	
  study	
  polluIons	
  in	
  Mexico	
  (Fast	
  et	
  al),	
  
marine	
  stratocumulus	
  clouds	
  off	
  the	
  coast	
  of	
  South	
  America	
  (Burrows	
  et	
  al),	
  clouds	
  
and	
  precipitaIon	
  in	
  the	
  conInental	
  US	
  (Gustafson	
  et	
  al),	
  aerosol	
  effects	
  on	
  
convecIons	
  (Lim	
  et	
  al),	
  long-­‐range	
  transport	
  of	
  aerosols	
  (Fast	
  et	
  al),	
  etc.,	
  and	
  we	
  
welcome	
  collaboraIons!!	
  


