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Abstract:	  The	  mineralogy	  of	  desert	  dust	  is	  important	  due	  to	  its	  effect	  on	  radiaSon,	  clouds	  and	  
biogeochemical	  cycling	  of	  trace	  nutrients.	  	  This	  study	  presents	  the	  simulaSon	  of	  dust	  radiaSve	  
forcing	  as	  a	  funcSon	  of	  both	  mineral	  composiSon	  and	  size	  at	  the	  global	  scale	  using	  mineral	  soil	  
maps.	  	  Externally	  mixed	  mineral	  aerosols	  in	  the	  bulk	  aerosol	  module	  in	  the	  Community	  
Atmosphere	  Model	  version	  4	  (CAM4)	  and	  internally	  mixed	  mineral	  aerosols	  in	  the	  modal	  aerosol	  
module	  in	  the	  Community	  Atmosphere	  Model	  version	  5.1	  (CAM5)	  embedded	  in	  the	  Community	  
Earth	  System	  Model	  version	  1.0.5	  (CESM)	  are	  speciated	  into	  common	  mineral	  components	  in	  
place	  of	  total	  dust.	  	  	  The	  simulaSons	  with	  mineralogy	  are	  compared	  to	  available	  observaSons	  of	  
mineral	  atmospheric	  distribuSon	  and	  deposiSon	  along	  with	  observaSons	  of	  clear-‐sky	  radiaSve	  
forcing	  efficiency.	  	  Based	  on	  these	  simulaSons,	  we	  esSmate	  the	  all-‐sky	  direct	  radiaSve	  forcing	  at	  
the	  top	  of	  the	  atmosphere	  as	  +0.05	  Wm-‐2	  for	  both	  CAM4	  and	  CAM5	  simulaSons	  with	  mineralogy	  
and	  compare	  this	  both	  with	  simulaSons	  of	  dust	  in	  release	  versions	  of	  CAM4	  and	  CAM5	  (+0.08	  and	  
+0.17	  Wm-‐2)	  and	  of	  dust	  with	  opSmized	  opScal	  properSes,	  wet	  scavenging	  and	  parScle	  size	  
distribuSon	  in	  CAM4	  and	  CAM5,	  -‐0.05	  and	  -‐0.17	  Wm-‐2,	  respecSvely.	  	  The	  ability	  to	  correctly	  
include	  the	  mineralogy	  of	  dust	  in	  climate	  models	  is	  hindered	  by	  its	  spaSal	  and	  temporal	  variability	  
as	  well	  as	  insufficient	  global	  in-‐situ	  observaSons,	  incomplete	  and	  uncertain	  source	  mineralogies	  
and	  the	  uncertainSes	  associated	  with	  data	  retrieved	  from	  remote	  sensing	  methods.	  
	  

Methods:	  
The	  CAM4	  and	  CAM5	  versions	  of	  the	  Community	  Atmospheric	  Model	  include	  bulk	  aerosols	  (CAM4)	  and	  modal	  
aerosols	  (CAM5)	  which	  include	  mulSple	  types	  of	  aerosols,	  including	  desert	  dust	  or	  mineral	  aerosols	  (Zender	  et	  
al,	  2003;	  Mahowald	  et	  al.,	  2006;	  Liu	  et	  al.,	  2011;	  Neale	  et	  al.,	  2013;	  Albani	  et	  al.,	  submieed).	  	  Both	  CAM4	  and	  
CAM5	  are	  modified	  to	  allow	  for	  the	  carrying	  of	  speciated	  types	  of	  dust,	  allowing	  for	  differences	  in	  the	  radiaSve	  
properSes	  of	  minerals	  to	  be	  included	  in	  the	  simulaSon.	  	  Different	  minerals	  of	  dust	  can	  have	  very	  different	  
radiaSve	  properSes	  in	  both	  the	  short	  and	  long	  wave,	  from	  dark	  red	  to	  clear	  in	  the	  visible,	  for	  example	  (e.g.	  
Sokolik	  et	  al.,	  1999).	  	  	  	  Mineral	  distribuSons	  in	  the	  soils	  are	  distributed	  based	  on	  soil	  types,	  using	  the	  approach	  of	  
Claquin	  et	  al.,	  1999.	  	  5	  different	  minerals	  are	  included	  in	  CAM5	  (MAM)	  while	  8	  are	  included	  in	  CAM4	  (BAM).	  
SimulaSons	  are	  conducted	  using	  MERRA	  reanalyzed	  winds	  for	  8	  years,	  2	  which	  are	  neglected	  for	  spin	  up.	  	  
SimulaSons	  are	  conducted	  at	  roughly	  2x2	  degree	  resoluSon.	  
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Results:	  Total	  column	  mineral	  distribu-ons:	  	  
The	  distribuSons	  for	  the	  models	  forced	  with	  idenScal	  source	  distribuSons	  
but	  the	  physics	  of	  transport	  and	  deposiSon	  differ	  between	  CAM4	  and	  
CAM5.	  	  NoSce	  the	  very	  different	  amounts	  of	  hemaSte	  in	  the	  Sahel	  
region,	  even	  with	  the	  same	  meteorology,	  due	  to	  differences	  in	  the	  
physics	  between	  the	  models.	  
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Unfortunately,	  there	  is	  limited	  atmospheric	  aerosol	  mineral	  data	  for	  comparison	  against	  
the	  model.	  Here	  we	  show	  a	  sample	  of	  the	  limited	  comparisons	  available.	  Overall,	  they	  
suggest	  the	  model	  has	  some	  accuracy,	  but	  improvements	  could	  be	  made.	  
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CAM4#t'is'more'
absorbing'hence'
cools'more'
'
'
Significant'
cooling'at'surface'
in'CAM5m'!'
absorbing'
hema,te'
decreases'
insola,on'
reaching'surface'
'
''

Results:(Radia,ve(Forcing(Efficiency(
•  Observa(ons+from+Li+et+al.,+

2004+over+N.+Atlan(c:+
•  CAM4t+and+CAM5t+

match+observed+during+
summer+

•  CAM4m+and+CAM5m+
match+during+winter+

•  Patadia+et+al.+observed+RFE+of+
zero+over+N.+Africa+summer+
•  + CAM4t+and+CAM5t+are+

close+to+0+
•  +CAM4m+and+CAM5m+

predict+hea(ng+
•  Chistopher+and+Zhang+(2004)+

es(mate+LW+RFE+during+
September+
•  Quartz+dominates+LW+

absorp(on+but+this+
property+has+not+been+
included+

•  All+model+simula(ons+
neglect+scaPering+in+LW+
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Results:(All*sky(Radia0ve(Forcing(

Similar'hea*ng'in'
CAM4t'and'
CAM4m'
'
CAM5m'!'
absorbing'
hema*te'results'
in'3X'the'hea*ng'
in'the'
atmosphere'
compared'to'
CAM5t''

CAM4−t:dust NET ATM forcing
allsky, global average = 0.23
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CAM5−t:dust NET ATM forcing
allsky, global average = 0.22

 

 
(b)
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CAM4−m:dust NET ATM forcing
allsky, global average = 0.23

 

 
(c)
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CAM5−m:dust NET ATM forcing
allsky, gloabl average = 0.67
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Spa*al'distribu*on'of'annual'all=sky'radia*ve'forcing'(SW+LW)'in'the'atmosphere'
(ATM)'for'CAM4'with'tuned'dust'and'with'mineralogy'(a,c)'and'for'CAM5'with'tuned'
dust'and'mineralogy'(b,d).'

CAM4−t:dust NET TOA forcing
allsky, global average = −0.051
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CAM5−t:dust NET TOA forcing
allsky, global average = −0.17

 

 
(b)
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CAM4−m:dust NET TOA forcing
allsky, global average = 0.05

 

 
(c)
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CAM5−m:dust NET TOA forcing
allsky, global average = 0.052
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Results:(All*sky(Radia0ve(Forcing(
Spa$al&distribu$on&of&annual&all1sky&radia$ve&forcing&(SW+LW)&at&the&top&of&

atmosphere&(TOA)&for&CAM4&with&tuned&dust&and&with&mineralogy&(a,c)&and&for&CAM5&

with&tuned&dust&and&mineralogy&(b,d).&
•  Similar&

atmosphere&RF&

for&CAM4t&and&m&

however&

differences&in&

surface&forcing&

lead&to&an&overall&

hea$ng&at&TOA&

•  Increased&cooling&

at&surface&in&

CAM5m&is&

compensated&by&

increased&

atmospheric&

hea$ng&and&an&

overall&posi$ve&

forcing&at&TOA&

Results:(Mean(All-sky(Radia2ve(Forcing(
Globally'averaged'radia.ve'forcing'at'TOA'is'a'delicate'balance'between'SW'and'LW'
forcing'at'the'surface'and'in'the'atmosphere''

•  SW'forcing'
dominates'ATM'

and'SFC'forcing'

•  While'CAM4m'
and'CAM5m'in'

SW'has'a'small'

nega.ve'forcing'
at'TOA,'the'

overall'impact'

from'SW'and'LW'
is'small'posi.ve'

hea.ng'
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