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Main Points of This Presentations 

1.  UTLS aerosols in CESM/CARMA are constrained by multiple 
observations; 

2.  CESM/CARMA is able to reproduce properties of ATAL; 

3. Model suggests AOD of ATAL is minimal 

4. Model suggests ATAL makes 15% of net heating rate; 

5. Model suggests Asian Summer Monsoon may NOT be able to 
transport ozone-sensitive chemicals to destroy ozone in tropical 
stratosphere. 



CARMA is a Sectional Aerosol Microphysics/Radiation 
model coupled with CESM 

Yu et al., 2015, JAMES 



CARMA has wider size range of aerosols than MAM 
POA includes biomass burning organics, anthropogenic organics, marine 
organics and biological particles. 
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CARMA 

•  P2. ATAL from POPs and CESM/CARMA 

•  P3. Radiative Properties of  ATAL from 
CESM/CARMA 

•  P4. Asian Summer Monsoon and 
Stratospheric Ozone 



•  P1. UTLS Aerosols Simulated in CESM/
CARMA 

•  P2. ATAL from POPs and CESM/CARMA 

•  P3. Radiative Properties of  ATAL from 
CESM/CARMA 

•  P4. Asian Summer Monsoon and 
Stratospheric Ozone 



Surface Area Density (µm2cm-3)
0 1 2 3 4 5 6

A
lti

tu
de

 (k
m

)

12

14

16

18

20

22

24

26

28

30
CARMA UW
CARMA mean UW
Balloon (HALOE coinc)
CR-AVE

Particle Number (#cm-3)
10-1 100 101

A
lti

tu
de

 (k
m

)

12

14

16

18

20

22

24

26

28

30
CARMA
CARMA mean
Observation

Model’s aerosol surface area density and 
composition 

UW data:  
Kovilakam and Deshler, 2015 
(KD2015) 
 
CR-AVE data: 
from Dr. Charles Wilson 

Observation is 
scaled by a factor 
of 2.0 according to 
KD2015 at 20 km 

(Costa Rica and 
Houston) 

Note: Number Conc. data is still 
in process by Dr. Deshler 



Model captures SO4/OC/BC in troposphere of US 

AMS 
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Data from Dr. John E. Barnes 



CESM/CARMA can reproduce ATAL:  
Organics + Sulfate 

Thomason and Vernier, 2013, 
ACP 

Yu et al., 2015b, GRL 



Model agree with observed CARIBIC S/C Ratio in 
upper troposphere 

10-12 km 
JJA 



Model agrees with observed OC/SO4 mass fraction 
over US from SEAC4RS 
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POPS 



POPs Measurements at Kunming, China (Aug, 
2015) 

Kunming 

Lhasa 



•  Offline Winds: GEOS5 reanalysis 

•  1.9x2.5, 56 levels (with 21 levels 
above 100 hPa) 

•  OC/BC Emissions: GFEDv3, 
ECLIPSE 

•  SO2 Emissions: Emmons et al. 
(2010) 

•  VOC Emissions: MEGAN 

•  Base Chemistry: MOZART-4 

ü     Detailed Sulfur Chemistry 

ü     Heterogeneous Chemistry 

ü     SOA Chemistry (VBS) 

•  Optics: Mie Optics; RRTMG 
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Using Offline Meteorology 



Modeled Particle size distribution has one mode 
with 0.2µm in diameter--->Sulfate and OC 
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Tropospheric AOD dominates the Column 
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ATAL contribute to 15% of Heating Rate 
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15% of heating rate from ATAL



ATAL may impact on Air vertical motion 
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change Vertical motion of Air
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Asian Summer Monsoon may destroy ozone? 

Randel et al., 2010 



Several boxes in the model to diagnose 
Chemical’ spatial distribution 
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Anticyclone 
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1. UTLS aerosols in CESM/CARMA are constrained by 
multiple observations; 

2. CESM/CARMA is able to reproduce properties of UTLS 
observed; 

3. Model suggests ATAL makes 15% of net heating rate; 

4. Model suggests Asian Summer Monsoon is transporting 
HCN, CO from Asia to tropics; 

5. Model suggests Asian Summer Monsoon may not be able 
to transport ozone-sensitive chemicals to destroy ozone in 
tropical stratosphere. 

 

Summary 



@ Houston, SEAC4RS, Sep.2013 

Contact Info: 
 

Pengfei Yu 

pengfei.yu@noaa.gov 

ESRL NOAA; CIRES CU 



SD-CAM5/CARMA has similar vertical resolution around 
UTLS compared with WACCM 


