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Objective 

Outline 
 
-Climate system (atmospheric chemistry perspective)     
-Regional climate chemistry model 
-Ozone modeling  
-Aerosol modeling  
 

To show the current capabilities of RegCM4.5 to 
simulate the  atmospheric chemistry of gases and 
aerosol and their feedbacks  
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Acids:	
  H2SO4,	
  HNO3,	
  HCL	
  

Aerosols:	
  Sulfate,	
  OC,	
  BC,	
  Dust,	
  SOA	
  

Why	
  Chemistry	
  Modeling?	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Basic	
  Components	
  



IPCC	
  2013,	
  5AR	
  



IPCC	
  2013,	
  5AR	
  

IPCC	
  2013,	
  5AR	
  



Dust	
  

Phytoplankton	
  

Dimethylsulfide	
  

H2SO4,	
  MSA	
  

Oxida9on	
  
Soot	
  

Sea-­‐salt	
  

Direct	
  RadiaMve	
  
Forcing	
  

Indirect	
  RadiaMve	
  
Forcing	
  

AcMvaMon	
  

Resuspension	
  

Te
rp
en

es
	
  

O
xi
da

9o
n	
  

Fo
re
st
	
  F
ire

s	
  

NucleaMon	
  

Sources 

Hydrocarbons,	
  
NOx,	
  SO2,	
  NH3,	
  POA	
  

H2SO4,	
  HNO3,	
  
Organic	
  aerosol	
  



SpaMal	
  and	
  Temporal	
  Scales	
  for	
  atmospheric	
  composiMon	
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RegCM4	
  Regional	
  Climate	
  Model	
  

Global Climate model is an Initial 
Value problem (we need to specify the 
initial values and then let the model 
goes forward) 
 
Regional climate model is boundary 
value problem (we need to know the 
boundary conditions for the whole 
period of simulation) and the model 
will deduce the fine details (the added 
value) .   



RegCM4.5	
  framework	
  

Pre-­‐Processing	
  

ICBC:	
  prepare	
  Meteorology	
  
and	
  chemistry	
  IniMal	
  condiMon	
  
and	
  Boundary	
  condiMons	
  for	
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NOx-VOC-Ozone (source of air pollution)  

NOx saturated 

NOx Limited 



What	
  is	
  CBMZ	
  chemical	
  mechanism?	
  





Number	
  of	
  reac9on	
   132	
  

Total	
  number	
  of	
  Species	
  	
   58	
  

Number	
  of	
  transported	
  species	
  	
   30	
  

Number	
  of	
  Alkane	
  	
   3	
  (CH4,	
  C2H6,	
  PAR)	
  

Number	
  of	
  Alkene	
   3+1(Isoprene)	
  

Number	
  of	
  AromaMc	
   3	
  (TOLU,	
  XYL,	
  CRES)	
  

CalculaMng	
  the	
  Mme	
  evoluMon	
  of	
  gas-­‐phase	
  chemistry	
  requires	
  an	
  integraMon	
  of	
  	
  a	
  
set	
  of	
  sMff	
  ordinary	
  differenMal	
  equaMons	
  and	
  is	
  among	
  the	
  most	
  computaMonally	
  
expensive	
  operaMons	
  performed	
  in	
  a	
  climate	
  chemistry	
  model.	
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Global Emission 

IIASA	
  emission	
  is	
  global	
  0.5	
  degrees	
  resoluMon,	
  which	
  has	
  nine	
  substances,	
  	
  
SO2,	
  total	
  VOC,	
  CH4,	
  CO,	
  NOx,	
  NH3,	
  BC,	
  OC,	
  PM2.5	
  and	
  it	
  is	
  consistent	
  with	
  
RCP	
  (RepresenMMve	
  ConcentraMon	
  Pathway)	
  sectors	
  (industry,	
  energy,	
  
transport,	
  etc.)	
  
IIASA	
  emissions	
  available	
  for	
  2005,	
  2010,	
  	
  2030,	
  and	
  2050	
  
1-­‐RegCM4.5	
  interpolate	
  and	
  regrid	
  these	
  global	
  map	
  to	
  the	
  model	
  grid.	
  
2-­‐derives	
  the	
  corresponding	
  VOCs	
  in	
  a	
  consistent	
  way	
  from	
  the	
  Total	
  VOC.	
  
	
  	
  
	
   Anthropogenic	
  Nox	
  2005	
  



RegCM4.5 framework (cont.) 
Emissions data (IIASA emission) 

Sample data represents 
the emissions used by 
RegCM4.5  
 
a)Anth. NOx 
b)Anth. HCHO 
c)Biomass NOx 
d) Biogenic ISOPRENE 
 



RegCM4.5 (cont.) 
Chemistry Boundary Conditions 

Sample from chemistry 
boundary conditions file, 
represents SO2, Ozone, 
PAN, ISOPRENE. 
 
MOZART  global 
chemistry model has been 
used to provide the initial 
and boundary condition 
for RegCM4.5 
There are two option 
1-use 6 hourly boundary 
conditions 
2-use climatology of 10 
year (1999-2009) 
 



Ozone simulation 



Ozone simulation: present and 
future climatology 

Surface ozone bias JJA 2003 Surface	
  Ozone	
  correlaMon	
  2003	
  

Surface ozone evaluation against EMEP network, for 2003 



Future scenarios of 
ozone (2045-2055) 
Using RCP4.5 and 
RCP8.5 
With the future 
emission of IIASA 
2050 
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Ex:	
  Simulated	
  Ozone	
  concentraMon	
  evoluMon	
  at	
  750	
  hpa	
  –	
  June	
  2006	
  	
  
	
  
African	
  biomass	
  burning	
  producing	
  high	
  concentraMon	
  of	
  troposheric	
  ozone	
  over	
  the	
  tropical	
  
AtlanMc	
  (a	
  well	
  known	
  seasonal	
  anomaly	
  of	
  global	
  atmospheric	
  chemistry)	
  	
  	
  

ppb	
  



Aerosol simulation 



Dust Processes (Dust life cycle) 

Emission 

Land Processes  
Stabilization 

Ocean Processes  
	
  

Transportation 

Transformation 

Deposition 

-Water erosion 
-Desertification 
-Land use 

-­‐wind shear 
-Saltation 
-Soil moisture 
-Vegetation 

-­‐Turbulence 
-Convection 
-Cyclone 
-Global Circulation 

-­‐Chemical reactions 
-Sulfate 
-Sea Salt 
-Iron solubility 

-­‐Dry Deposition 
-Wet Deposition 
 
 

-­‐Phytoplankton 
-Mineralization 
-Sedimentation 
 

Impact 
Scattering, 
Absorping  

CCN 

Feedback 

Shao	
  et	
  al	
  2010,	
  Aeolian	
  research	
  	
  



Physical Processes in a Dust Storm  
(Saltation and Sandblasting) 

•  The forces acting on the dust particles are: 
      1-particle weight; 2-wind shear stress; 3-interparticle cohesion force. 
•  Saltation of large particles is initiated when the friction velocity exceed the 

threshold value. (Saltation)  
•  Large particles bombard fine particles aggregates causing breaking of the binding 

force within the aggregate and leading to suspension. (Sandblasting)    

The vertical dust flux is 
proportional to the 
horizontal dust flux, 
which in turn depends on 
friction velocity.  
	
  





CALIPSO 
The Cloud Aerosol Lidar and 
Infrared Pathfinder Satellite 
Observation 



Detailed Information can be retrieved from 
CALIPSO 
1-Aerosol concentration and height 
2-Aerosol type (Absorbing or Scattering ) 
3-Aerosol shape (spherical or non-spherical)   



AErosol RObotic  NETwork 
              (AERONET) 
 http://aeronet.gsfc.nasa.gov/  
 	
  	
  

AERONET	
  provides	
  the	
  most	
  
valuable	
  informaMon	
  about	
  the	
  
atmospheric	
  aerosols.	
  
	
  
1-­‐The	
  aerosol	
  opMcal	
  depth	
  
(aerosols	
  densiMes)	
  
2-­‐The	
  aerosol	
  size	
  distribuMon	
  
(aerosols	
  type)	
  
3-­‐The	
  aerosol	
  radiaMve	
  effects	
  
(Cooling	
  and	
  heaMng	
  rates)	
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18-­‐20	
  March	
  2012	
  



Surface and Upper Air Wind in Spring 





The	
  Bokom	
  of	
  the	
  atmosphere	
  
radiaMve	
  forcing	
  	
  
Blue	
  is	
  the	
  AERONET,	
  RED	
  is	
  
model	
  
The	
  model	
  underesMmates	
  the	
  
RadiaMve	
  forcing	
  in	
  BOT	
  and	
  
TOA	
  	
  

The	
  Top	
  of	
  the	
  atmosphere	
  
radiaMve	
  forcing	
  	
  
Blue	
  is	
  the	
  AERONET,	
  RED	
  is	
  
model	
  
	
  
	
  
	
  
This	
  result	
  shows	
  a	
  pronounced	
  
difference	
  between	
  northern	
  
and	
  southern	
  climatology	
  of	
  
dusty	
  season	
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  et	
  al,	
  2014	
  CR.	
  

Comparison between Stallite data MOPITT and model 
output over Great Cairo.  
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