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Issues regarding sinks

P. Colarco, ICAP Workshop, May 14 - 17, 2012, Frascati, Italy

•Three main processes: sedimentation, dry 
deposition, wet removal

•Processes are typically treated as separable 
(operator splitting)

•Not necessarily general, but the ICAP 
models tend to treat the aerosols as 
external mixtures



Sedimentation
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• Possible error in models: particles treated as external mixtures might 
assign small fall speeds to, e.g., carbonaceous particles that might be 
internally mixed with larger particles
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• Stokes fall velocity

vf = 2/9·μ-1·(ρparticle - ρair) ·g ·r2

• Apply corrections for

• slip correction - enhance fall speed 
for particles small compared to 
mean free path in air

• drag effects - tend to slow fall 
down at high Re (i.e., large particles 
wrt viscosity)

• shape effect



Sedimentation
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Dry Deposition

P. Colarco, ICAP Workshop, May 14 - 17, 2012, Frascati, Italy

•Dry removal of particles from lowest model level

•Often parameterized in terms of a deposition velocity (e.g., 
Zhang et al. 2001)

•vf is the sedimentation velocity discussed previously

•Residual deposition velocity is due to turbulent processes

•Approach here is so called “resistance in series” approach

•Terms depend on atmosphere, surface, particle properties

vd = vf + 1/(Ra+Rs)



Dry Deposition
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•Ra = aerodynamic resistance (depends on atmospheric stability)

•Rs = surface resistance

•EB = Brownian diffusion efficiency (depends on particle size and 
air viscosity)

•EIM = Impaction efficiency (eddies impacting surface, depends 
on surface collector characteristics)

•EIN = Interception efficiency (flow distortion around objects, 
also depends on particle and surface collector size)

•For gases may also add sub-layer resistance term for molecular 
diffusivity

Rs = f(EB, EIM, EIN)



Dry Deposition
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•Depending on model, vd may be decoupled from vf

•That is

•And

v’d = 1/(Ra+Rs)
c = c0·[1-exp(-vd / Δz · Δt)]

vf

vd = vf + 1/(Ra+Rs)



Wet Removal
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•Wet removal generally partitioned between large scale and 
convective scale processes
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Large scale

•Assume some portion of aerosol 
entrained in condensates formed in 
time step

•Remove that fraction that precipitates

•Sweep up aerosol from precipitation 
from above

•Possibly release through evaporation



Wet Removal
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•Wet removal generally partitioned between large scale and 
convective scale processes
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Convective Scale

•Convection not explicitly resolved in 
models

•Remove some fraction of aerosol 
entrained in updrafts

•More sophisticated might follow water 
cycle of convective plumes

•Convective transport becomes major 
mechanism of vertical transport



Update to Convection Algorithms
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• Comparison of offline and online instances of GOCART revealed 
discrepancies in implementation traced to online convective scavenging
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Sensitivity to Model Variables
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• Precipitation in model is generally tuned to give a decent regional averages

• Actual precipitation is more isolated

• This has implications for aerosol lifecycle



ICAP Models
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•Very preliminary stuff

•Look at loss budgets in three ICAP models: GEOS-5, NAAPS, 
and MACC (my apologies to MASINGER)

•Period considered: April 2012

•Regrid all model fields to 1° x 1.25°

τ = load / total sink = [days]
kloss = (1/τ) · sinkwet or dry / total sink [days-1]

lifetime
loss rate

DU
SS
BC
OC
SU



AeroCom
0.245

(0.72 - 0.995)

Dust Dry Removal
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Dust Wet Removal
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Seasalt Dry Removal
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Seasalt dry removal sink 
normalized by GEOS-5 loading
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Seasalt Wet Removal
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Carbon and Sulfate
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Conclusion and Questions
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•Except for dust, GEOS-5 tends to have longest lifetimes

•GEOS-5 sedimentation is most aggressive (operator order?)

•Dry and wet loss processes may compensate (dust and seasalt)

•What are scale dependencies of needed model variables?

•What is sensitivity of algorithms to model space?

•What is role of external vs. internal mixing in loss processes?

•How physically realistic are assumptions for, e.g., carbonaceous 
wet removal?


