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Objectives

‣Objectively test fidelity of vertical 
convective-scale transport comparing 
modeled vs. measured tracers

‣Quantify effects of vertical transport on the 
lifetime of dust and other radiative species
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Residence time of aerosols increases with height

‣ Residence time increases by factor of 4 from lower to upper troposphere.
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Fig. 9. Zonal mean tropospheric residence time of 21øpb in the model as 
a function of latitude for January (solid line) and July (dashed line). 
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Tracers and species of interest

‣Chemical tracer species:

• Radon (Rn) 

• Methyl Iodide (CH3I) 

• Carbon Monoxide (CO) 



CMMAP STM
Berkeley,  Jan. 11-13, 2011

Tracers and species of interest

‣Chemical tracer species:

• Radon (Rn) -                       Convection over land

• Methyl Iodide (CH3I) -         Convection over oceans & rice

• Carbon Monoxide (CO) -    Convection over fires
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Sources of Radon

Tagged Rn for Rest of World

Tagged Rn for Americas
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Sources of CH3I and CO

Sources:
‣Ocean:     70%
‣Rice:         24%
‣Biofuel:       4%
‣Peat:           2%

Sinks:
‣Photolysis: 99%

Sources:
‣Burns:      30%
‣Fuel use:   55%
‣Biogenic:   15%

Sinks:
‣OH:      ~100%
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Tracers and species of interest

‣Chemical tracer species:

• Radon (Rn) -                       Convection over land

• Methyl Iodide (CH3I) -         Convection over oceans

• Carbon Monoxide (CO) -    Convection over fires

‣ Soil dust:

• Dust is a significant natural radiatively active aerosol.

• Longwave dust forcing increases with altitude.
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Sources of dust

‣ Primary emissions are 
localized to northern 
subtropics and midlatitudes.

‣ Primary sinks are 
dry deposition and 
scavenging by precipitation.

SPCAM

CAM
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Characteristic lifetimes of tracers 

‣CH3I:  τ~2 days

• Useful for studying transport on 
short length/time scales.

‣Rn:     τ~5.5 days

• Useful for studying transport on 
longer scales.

‣CO:    τ~40 days

• UT gradient is balanced between 
convective divergence and 
photochemical processes.

Folkins et al, 2006 
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Earlier studies of tracers for convective transport

the other models between about 6 and 8 km. It is not
immediately evident which of the differing characteristics of
the parameterizations are responsible for the large differ-
ences in mass fluxes (and tracer concentrations) in their
study. Indeed, even the implementation details for a partic-
ular parameterization can be associated with a large range of
mass fluxes. For example, in the comparison of Folkins et
al. [2006] between 6 and 8 km, an application of the relaxed
Arakawa-Schubert cumulus parameterization in a chemical
transport model has mass fluxes about one-third the mass
fluxes with the relaxed Arakawa-Schubert parameterization
as implemented in AM2. Note that the AM2 implementa-
tion follows GFDL Global Atmospheric Model Develop-
ment Team [2004] without modification for these
comparisons with AM2-D.
[22] The larger mass fluxes at the tropopause in AM2-D

are associated with larger water vapor concentrations in the
tropical lower stratosphere. From 50 to 100 hPa between
30!S and 30!N, zonally averaged specific humidities are
about 1.5 mg kg!1 larger in AM2-D. These specific

humidities also depend strongly on the vertical resolution.
AM2 and AM2-D both have 24 levels. The specific hu-
midities in the tropical lower stratosphere are higher than
reported from the Halogen Occultation Experiment and the
Microwave Limb Sounder on the Upper Atmosphere Re-
search Satellite [Randel et al., 1998] in both AM2 and
AM2-D with 24 levels. With 48 levels, AM2 is generally
about 1 mg kg!1 too dry in the tropical lower stratosphere,
while AM2-D ranges from near observed values to about 1
mg kg!1 too moist.
[23] Figures 4a–4c show monthly mean differences in

methyl iodide concentrations (AM2-D minus AM2) plotted
against monthly mean differences in mass fluxes (AM2-D
minus AM2) for grid points with non-zero mass fluxes
between 50!S and 30!N at 2, 9, and 16 km. At 9km, smaller
mass fluxes in AM2-D are associated with smaller methyl
iodide concentrations. At 16 km, larger mass fluxes in
AM2-D are associated with larger methyl iodide concen-
trations. At 2 km, methyl iodide concentrations are larger in
AM2-D, even though mass fluxes are smaller. Many cumu-

Figure 7. (a) Ratio of radon-222 concentrations in AM2-D to AM2 and (b) volume mixing ratio for
AM2 at 2 km. (c) Ratio of radon-222 concentrations in AM2-D to AM2 and (d) volume mixing ratio for
AM2 at 9 km.
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ber. Figure 8d shows extensive downwind transport of
methyl iodide from its source regions at 9 km.
[29] As noted in section 2, the cumulus parameterization

in AM2-D includes a treatment of mesoscale circulations,
while the cumulus parameterization in AM2 does not.
Figure 9 shows the zonally averaged tendencies of radon
and methyl iodide due to mesoscale updrafts and cell
updrafts in the Donner [1993] parameterization. The cells
exhibit a bi-modal distribution of detrainment, with shallow
cumulus detraining above the PBL and over a deep layer in
the middle and upper troposphere. The mesoscale circula-
tions transport radon and methyl iodide from the middle to
the upper troposphere. The rates of mesoscale removal are
comparable to the rates at which cells detrain in the middle
troposphere. The rates of mesoscale addition in the upper
troposphere are larger than the rates at which cells add
radon and methyl iodide there by detrainment. The meso-
scale components of the convective systems are comparable
in importance to the cell updrafts. However, note that this
does not imply that cumulus parameterizations without
mesoscale circulations have smaller mass fluxes or less
tracer transport. Indeed, Figures 1–3 show AM2 has more
radon and methyl iodide (and larger convective mass fluxes)
around 10 km, where the upward mesoscale transports are
large in AM2-D. The AM2 parameterization without me-
soscale circulations compensates through larger mass fluxes

in its deep ensemble members. As a result, detecting the
signature of a mesoscale circulation solely through chemical
tracer measurements in a field experiment would be diffi-
cult, although possible in conjunction with observations
(e.g., by radar) of the morphology of convective systems.
The effects of convective mesoscale circulations on trans-
port are subtle and arise through enhanced upper-tropo-
spheric heating by mesoscale and stratiform clouds. The
stabilizing effects of this heating reduce mass fluxes in cell
updrafts and, consequently, tracer transport.

4. GCM-Observation Comparison

[30] Observations of radon and methyl iodide are limited,
generally being restricted to a few locations in space and
time. Comparisons between GCM results and observations
must be interpreted accordingly. In this section, model
profiles are 1983–1998 time averages for July (radon)
and August-September (methyl iodide), but spatial sampling
is consistent with observations. Standard deviations of the
model results are provided as an indication of interannual
variability.
[31] Figure 10 shows the summer continental radon

profile of Liu et al. [1984], based on 23 profiles at six
locations. The heights of these individual profiles varied,
with the individual profiles extending to 1 (1 profile), 2 (3

Figure 11. Vertical profile of radon observed during June 1994 at Moffett Field [Kritz et al., 1998].
Profiles from AM2-D and AM2 for the model grid points west and east of Moffett Field. Horizontal bars
for Kritz et al. [1998] show ±2 times the standard error of the averages. Solid lines indicate model 1983–
1998 July mean. Dotted lines indicate model 1983–1998 mean plus/minus one standard deviation of the
model July means.
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Donner et al, 2007 

‣ Tracers help diagnose differences in mass fluxes and 
detrainment in alternative convective parameterizations.

‣ Observational tracer comparisons help assess fidelity.
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Experimental Strategy

‣Control GCM:         CAM

‣ Experimental GCM:  SPCAM

‣ To isolate effects of cloud-system-scale velocities, 
GCMs are run as Chemical Transport Models.

‣ Large-scale lateral transports by    are identical.

‣ Small-scale vertical transports differ due to physics.

v
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Identical large-scale wind fields

SPCAM

CAM

SPCAM CAM

‣ Surface mobilization and resolved transport are the same.
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CTM mode simplifies model↔model tests

‣ Large scale meteorology is identical in two models.

‣ This eliminates feedbacks from physics to large scales, 
isolating signal from just convective-scale vertical motions.

SPCAM

CAM
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Sources of atmospheric moisture are identical

‣ Moisture is controlled via surface water fluxes.

SPCAM

CAM
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RH due to convective-system scale physics.

‣ MMF dries the PBL and UT and moistens the MT.

Δ

SPCAM CAM
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CTM mode simplifies model  data tests

‣ If reanalysis fields are used for the CTM mode in 
CAM and SPCAM, this minimizes errors in modeled 
vs. (one realization of) actual large-scale transport.

‣ Differences between model and data should be 
dominated by model physics.

↔
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Impacts of convective transport on tracers

CAM

CAM_LS - CAM

CAM_LS

CAM_LS / CAM - 1
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Impact of convective transport on 
errors relative to observations
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Significant sub-grid dust transport?

‣ SGS effects are < 20% to 30% over most of globe.

‣ Two primary scales are L(GCM) and L(CRM).

Ratio of sub-grid to cloud-resolved transports for dust size bin 1

982 hPa
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Experimental data for Methyl Iodide
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Partitioning by climatological rainfall
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Experimental data for Radon
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Satellite retrievals for carbon monoxide
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Initial Simulations for Dust

‣ SPCAM transports less dust to free troposphere, and to 
high latitudes far from desert sources.
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Model differences in Carbon Monoxide
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Model differences in Methyl Iodide
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Model differences in Radon
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Radon sections: Lower troposphere
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Radon sections: Mid Troposphere
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Radon sections: Upper troposphere
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Evaluation of Methyl Iodide Profiles

‣ SPCAM has smaller errors in MBL and lower troposphere.



CMMAP STM
Berkeley,  Jan. 11-13, 2011

Evaluation of Radon Profiles

‣ SPCAM has small errors in upper troposphere.
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Gradients as measures of transport

‣ The gradient in fractional changes in concentration 
measures gain/loss in each layer.
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Metrics for fidelity of tracer gradients

Bell et al, 2002 
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Convective indices

‣ Cumulative convective index error = RMS[δ dln(VMR)/dH].

‣ Ratio plotted here is CCIE(SPCAM) / CCIE(CAM). 
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Conclusions

‣Analysis of MMF in CTM mode reveals 
systematic differences in vertical transport due 
to convective-scale motions.

‣ These differences appear in all 
passive tracers simulated to date.

‣Changes in model fidelity can be quantified 
using a convective index, a fractional measure of 
vertical gradients.

‣ Errors in the indices relative to observations 
systematically decreases in SPCAM.

‣Next steps: Studies of dust and water vapor.


