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Motivation 

§ Can isolate a certain process(es) from 
other processes/interactions

§ Easy to implement and test new 
parameterizations 

§ Cheap and can be tested at very short 
time steps

§ Easy to maintain and use it for 
collaborations 

Mann et al. (2014)

Many questions were left unanswered in previous 
global modeling intercomparison studies. 
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MAM Aerosol Box Model

• First version developed by Dick Easter 
• Initially to facilitate code development (e.g. 

major revision to process parameterizations, 
new species and modes) 

• Can be configured as a single-box or multi-
box model using data structure used in E3SM 
and CESM

• Various drivers now available for testing 
individual processes in isolation or in 
combination 

• Improved I/O and post-processing workflow

Condensation

508 X. Liu et al.: Four-mode version of Modal Aerosol Module

Figure 1. Schematic of aerosol modes and associated aerosol trac-
ers in MAM4.

BC and POM, while the refractive index of aged particles is
the volume mean of the refractive index of all components of
the accumulation mode.
With the new primary carbon mode, three prognostic vari-

ables are added in MAM4 compared to MAM3: mass mix-
ing ratios of POM and BC in the primary carbon mode and
number concentration of the primary carbon mode particles,
which brings the total number of aerosol tracers from 15 in
MAM3 to 18 inMAM4. The other aerosol tracers and precur-
sor gases are the same as those in MAM3. The computational
cost increases by ⇠ 10% for the stand-alone CAM5 (i.e., an
uncoupled atmosphere-only simulation with prescribed sea
surface temperatures and sea ice) with MAM4 compared to
CAM5 with MAM3. As noted in Liu et al. (2012), CAM5
with MAM7 is 30% slower than CAM5 with MAM3. Fig-
ure 1 shows the schematic of aerosol modes and associated
aerosol tracers in MAM4.

3 Model configurations and experiments

Two sets of experiments were performed using version 5.3
of CAM (CAM5.3) with the new MAM4 (hereafter CAM5-
MAM4), as listed in Table 1. The first set is to test the model
sensitivity to the criterion of number of monolayers required
for the ageing of POM /BC particles from the primary car-
bon mode to the accumulation mode. We conducted four ex-
periments with the number of monolayers set to 1, 2, 4 and
8, respectively. A higher monolayer criterion means that a
larger sulfate or SOA coating thickness is needed to age the
primary carbonaceous aerosols, and thus these particles will
stay longer in the primary carbon mode before converting to
the accumulation mode. As noted in Liu et al. (2012), for a
non-hygroscopic particle with a 0.134 µm diameter, which is

the volume-mean size for BC /POM emissions, the critical
supersaturation in the case of eight monolayers of sulfate is
0.32% based on the Köhler theory, in comparison to 0.49%
in the case of three monolayers. These CAM5-MAM4 sim-
ulations were conducted for present-day (year 2000) emis-
sions and climate conditions with freely evolving meteoro-
logical fields (e.g., winds and temperature) at 0.9� ⇥ 1.25�

(1� hereafter) horizontal resolution for 11 years. The last 10-
year results are used for analysis. For comparison, an ad-
ditional experiment using CAM5.3 with the default MAM3
was performed for 11 years at the same 1� horizontal resolu-
tion. We also conducted an experiment with MAM7, which
gave BC and POM results very similar to MAM4 (figure not
shown), and thus are not included in the comparison.
The second set of experiments is to test the model sensitiv-

ity to the horizontal resolution (see Table 1), since model res-
olution has been suggested to play an important role for the
BC transport to the remote regions (Ma et al., 2013a, 2014).
Four experiments were conducted at 1.9� ⇥ 2.5� (2� here-
after), 1, 0.5, and 0.25� using the specified dynamics (SD)
configuration (also known as the nudging technique) where
the model meteorology is strongly constrained by an external
meteorological analysis (Ma et al., 2013a, b, 2015; Tilmes
et al., 2015). To explore the behavior of MAM4 at higher
horizontal resolution, we used the ECMWF Year of Tropical
Convection (YOTC) high-resolution (0.15�) analysis to drive
the model, while aerosol emissions are the same as that in the
first set of experiments. The SD configuration has been re-
calibrated so that the model physics properly responds to the
realistic meteorology (Ma et al., 2015). This approach facil-
itates the direct comparison between model simulations and
field campaign measurements since the simulation of aerosol
lifecycle (emission, transport, and deposition) is based on a
realistic climate. These SD simulations were performed from
1 November 2008 to 1 January 2010, and the 1-year results
in 2009 were used for our analysis. The eight-monolayer cri-
terion was used in this set of experiments. In addition, by
comparing the second set of experiments with the SD config-
uration to the first set of experiments with the free-running
configuration (e.g., MAM4L8 versus MAM4R1), we can ex-
amine the effect of model meteorology on aerosol simula-
tions. We also ran CAM5.3 with the default MAM3 at 1�

resolution with the SD configuration for comparison.

4 Results

4.1 Comparison of MAM4 with MAM3

Figure 2 shows the latitudinal and longitudinal distributions
of annual mean column burdens of BC and POM from the
set 1 experiments with CAM5-MAM4, in comparison with
the default MAM3. BC and POM burdens have maxima in
industrial regions (e.g., East Asia, Europe, and North Amer-
ica) and in biomass burning regions (e.g., central and south-

Geosci. Model Dev., 9, 505–522, 2016 www.geosci-model-dev.net/9/505/2016/

Nucleation

AgingCoagulation 

Adapted from Liu et al. (2016)
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And Better Documented (for both physics and numerics) 
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Processes Considered and Their Coupling  

MAM in the E3SM atmosphere model MAM box model 



6

Example 1a: Comparing Waterupake Schemes 
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Köhler theory 
Petters and Kreidenweis (2007)
Ghan et al. (2001)  

Calculated with the same hygroscopicity values (sulfate=0.53, sea salt=1.12)  
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Example 1b: Comparing Waterupake Schemes 
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MAM Köhler (E3SM/CESM) 
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Example 2: Nucleation time scale analysis

Binary nucleation in upper troposphere 

dt = 30min in E3SMatm

Nucleation time scale (sec) 
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Example 3: Time Step Convergence 

Wan et al. (2020) 

Convergence regimes 
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Example 3: Time Step Convergence 

~1st older convergence
Relatively large error 
with dt = 30min. 

Large condensation rateSmall condensation rate

~1st older convergence
Very large error, even 
with dt = 100s. 

Wan et al. (2020) 

Convergence regimes 



11

Summary

• The MAM aerosol box model is improved to better accommodate the 
needs for model development and testing 

• Modeler can use it to implement and test new parameterizations 
more easily

• Ideal tool for parameterization intercomparison 
• Will be publicly released to the community soon. 
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BACKUP 
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Error in Condensation (mass transfer coefficient)

Upper troposphere (230K, 200hPa)Near Surface (273K, 1000hPa)

Geometric mean diameter:                    Dgeo,mean used in M7 (Vignati et al., 2004)

The diameter of average surface area: Dsur,mean used in M3 (Wilson et al., 1996)

Some methods have much larger error (~50% for Dgeo,mean)


