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Presentation Notes
Atmospheric aerosols are known to affect the climate indirectly by acting as cloud condensation nuclei (CCN) and modifying the cloud properties, as we can see from these ship tracks. Image source:http://www.realclimate.org/index.php/archives/2006/02/an-aerosol-tour-de-forcing/



Aerosol Indirect Climate Effects 

IPCC (1995) IPCC (2001) 

IPCC (2007) 

IPCC, 1995, 2001, 2007 

Post-IPCC2007 

Can GEOS-Chem be used to study aerosol first 
indirect RF and help to reduce the uncertainty? 
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Presentation Notes
According to previous IPCC reports published in 1995, 2001, and 2007, the aerosol indirect climate effect has the largest uncertainty among the quantified radiative forcings and is a major source of uncertainty in climate change projection. There still exist large diversity in first indirect forcing values based on post IPCC2007 studies. The level of scientific understanding of first IRF is low.As a member of the GEOS-Chem user community, one logical question to ask is: Can GEOS-Chem be used to study aerosol indirect RF and help to reduce the uncertainty? 



IPCC has defined the first indirect radiative forcing as:  
 

Δ TOA solar fluxes      Δ cloud albedo        Δ aerosol 
concentration     anthropogenic emissions,    with fixed 
meteorology (cloud fraction and liquid water content).  

 
 
GEOS-Chem, as a CTM driven by assimilated meteorology, 
is perfectly suitable for the first IRF calculation.  

First Aerosol Indirect Radiative Forcing (IRF) 



Studies of aerosol first IRF (in W m-2) published after IPCC (2007)  

Simplified 
chemistry 

Simplified 
Microphysics 

None 
consider 
all major 
aerosols 
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This is a list of first IRF studies published after IPCC2007. Most of previous FAIRF studies are based on global climate models with simplified chemistry (only consider sulfur cycle, many use offline monthly mean oxidants), simplified aerosol microphysics (either use bulk or modal aerosol schemes), and none consider all major aerosol species: These four studies didn’t have NIT and SOA, this only have SO4, this one didn’t have SOA and this one didn’t have SOA. In the last two years, we have been working hard to implement schemes so that GEOS-Chem can also used to study FAIRF. Compared to these previous studies, GEOS-Chem has a number of advanced features.



Advanced features of GEOS-Chem/APM 
 Online full (SOx-HOx-NOx-VOC-ozone) chemistry  

 Full size-resolved (sectional) particle microphysics 

 Relatively more accurate assimilated meteorology 

 Online radiative transfer (RRTMG) calculation  

 Consideration of important aerosol components (nitrate, ammonium, 

and SOA) that are not included in most of previous studies 

Computing cost (for 1 yr simulation on 24-core workstation: 2ox2.5o, 47 layers) 

Original model, 59 tracers, ~ 5 day 
With APM, 59+94 = 153 tracers 

no radiative forcing calculation: ~ 11 days 
with radiative forcing calculation: ~ 13.5 days 



We ran two simulations driven by the same assimilated 

meteorology fields (2006): one with present day (PD) 

emissions and the other with pre-industrial (PI) emissions.  

From PD and PI differences, we can study the impacts of 

anthropogenic emissions on aerosol properties and first IRF. 

Study First Aerosol Indirect Radiative Forcing (IRF) 
with GEOS-Chem/APM 



Impacts of anthropogenic emissions PD - PI 

ΔSO2= +285% ΔH2SO4= +60% 

ΔJ= +118% ΔCN10= +45% 

ΔCCN0.4= +75% ΔCDN= +41% 
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Presentation Notes
Impacts of anthropogenic emissions on annual mean SO2, H2SO4, J, CN10, CCN0.4, and CDN in the low troposphere (Letters and numbers marked on panel (e) are the locations of sites where surface-based CCN0.4 measurements (for periods lasting a few weeks to more than a year) used for comparison .
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Presentation Notes
Through the first aerosol indirect effects , the changes of CCN and CDN concentrations modify the cloud droplet effective radius, albedo, and radiative forcing. Figure 3 gives the horizontal distribution of FAIRF. Anthropogenic aerosols have a negative first indirect effect in almost all the regions around the globe except in limited areas near the equator, reaching above -2.5 W m-2 over the southeastern Pacific Ocean near Chile and Peru and some regions in eastern Asia, Europe, and northeastern America. The global mean FAIRF is ‒0.75 W m-2. 



First aerosol indirect radiative forcing 

Post-

IPCC2007 

studies 

Lohmann et al. (2007) 

Rotstayn and Liu (2009)  

Penner et al. (2011) 

Zhou et al. (2012) 

Bauer and Menon (2012) 

Deandreis et al. (2012) 

Zhou et al. (2012) 

Deandreis et al. (2012) 

Bellouin et al. (2012) 

Bellouin et al. (2012) 

Yu et al. (2013) 
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Presentation Notes
Here we show a comparison of GEOS-Chem first indirect forcing value with previous studies: IPCC 2001, 2007, post-2007. We would like to point out that among all these studies, only GEOS-Chem considers full online chemistry, full size-resolved microphysics, and all major aerosol species.



Summary 
First aerosol indirect forcing is a major source of 
uncertainty in predicting climate change. GEOS-
Chem/APM, containing a number of advanced features, 
has been adapted to study the first indirect forcing. 

Based on GEOS-Chem/APM, anthropogenic emissions 
increase global mean CCN in the lower troposphere by 
~60-80% and cloud droplet concentration by ~40%. 
The global mean first indirect forcing is ‒0.75 W m-2. 

Large diversity of first indirect forcing values still 
exists among the post-IPCC2007 studies. GEOS-
Chem/APM can be a viable tool for studying the 
possible reasons of the diversity.  



Thank you ! 
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Air pollution in China, haze
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Reference # changed to yearsMost (if not all) IPCC2007 and post-IPCC2007 FAIRF studies are based on global models with simplified chemistry and aerosol microphysics. For example, most of these studies simulated the sulfur cycle chemistry only and used off-line monthly mean concentrations of key oxidants. The aerosol size distributions, which are important for CCN calculation and aerosol indirect forcing, are either prescribed or predicted with a simplified modal approach. 



Aerosol optical properties and radiative forcing 
based on GEOS-Chem-APM (Yu et al., 2012, 2013; Ma et al., 2012) 

Optical properties 
  Core-shell model (Ackerman and Toon, 1981) 

Radiative transfer 
  AER column RRTMG model (Clough et al., 2005) 

Aerosol-cloud interaction  
  Cloud droplet formation (Abdul-Razzak and Ghan, 2002) 



Effects of aerosol on cloud droplet concentration 

Ramanathan et al., Science, 2001. 



Turco et al., 1979; Jacobson et al., 1994; Yu and Turco, 1998; Yu, 1998; Yu and Luo, 
2009; Yu, 2010; Luo and Yu, 2011; Ma et al., 2012; Yu et al., 2012, 2013 

Advanced Particle Microphysics (APM) model 

Secondary particles (SP) : 40 bins 

Sea salt particles: 20 bins 

Dust: 15 bins 

BC: two log-normal modes  (one for 
fossil fuel, the other for biomass burning) 
 

Primary OC: two log-normal modes 

Coating of primary particles by 
secondary species tracked. POC + 

coating 
SP SS + 

coating 
BC + 

coating 
Dust + 
coating 

(composed of SO4, NO3, NH4, SOA) 



Partition/Re
action 

SV-SOA MV-SOA 

Condensation 

LV-SOA 

H2O Hygroscopic growth  

SO2 

Sulfate 

Aging 
Aging 

VOCi 

Nucleation 
Condensation 

Equilibrium 

Formation and evolution of 
atmospheric particles 
considered in APM 

Nitrate/ 
Ammonium 

Primary Particles 
+ coating 

Secondary 
Particles  

Condensation
/Coagulation 

(Yu and Luo, 2009; Yu, 2011) 
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H2SO4 gas is well recognized to be involved in nucleation and also contributes to particle growth through condensation.NH3 and HNO3 can be uptaken by sulfate particles through thermodynamic equilibrium and contribute to aerosol growth and mass.Many field measurements indicate that the growth rates of nucleated ultrafine particles are commonly much larger (up to a factor of 2-10) than can be accounted for  via the uptake of inorganic gases. It is now clear that these observed high growth rates are associated with organics. But, how to explicitly simulate the condensation of organics on atmospheric particles, especially these nucleated particles, is a challenging task. Present model predictions of SOA formation are largely based on partitioning between secondary organic gas (SOG)/particle. Because of the large number of products formed in a given VOC oxidation reaction and the difficulty in measuring individual semi-volatile compounds, two surrogate products have been widely used to express the volatility distribution of the oxidation products. 



Yu et al., ACP, 2012. 

Yu and Luo, 2009; Luo and Yu, 2011. 

Most data from Andreae, ACP, 2009. 



(i.e., No 
anthropogenic 

emissions) 

PI 
emission 

Yu et al., 2013 
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