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WACCM 4.0

•WACCM is an extension of the Community Atmosphere Model (CAM) - 

the atmospheric component of the Community Climate System Model

CCSM CAM/
WACCM

couplerLAND ICE

OCEAN

Current simulations use observed climatological 
SSTs and sea ice for solar maximum conditions



Atmospheric Model description

Dynamics Tracer Advection Resolution Other Processes

Finite Volume Dynamical 
Core
(Lin, 2004)

Fully-interactive with 
chemistry,
i.e., consistent with 
model-derived, radiatively 
active gases:    

O3, CO2, CH4, N2O, 
H2O, CFC11, CFC12, 
O2, NO

Flux-form Finite Volume
(Lin, 2004)

Horizontal: 
1.9° x 2.5° 
(lat x lon)

Vertical:
66 levels   
0-140km

 < 1.0km in UTLS
 1-2 km in stratosphere
 ~3 km in MLT

GW Param.: convection-, 
frontal-, and 
orographically-generated

Molecular Diffusion: Banks 
and Kockarts, 1973

Auroral processes, 
including ion drag, and 
Joule heating

LW/SW and chemical 
potential heating



Chemistry Scheme

• 66 Species including Ox, HOx, NOx, 
BrOx, and ClOx

• Heterogeneous chemistry 

• E-region ion chemistry

• Na Chemistry Chemistry follows 
Plane [2004]

• Na+, Na, NaCO2
+, NaH2O+, 

NaHCO3, NaN2+, NaO, NaO2, 
NaOH

• 26 Na chemical reactions

• 5 photolysis reactions

Plane, 2004



Na Meteoroid Input Function (MIF)

MIF scaled to give 6t/d 
global/annual average

An astronomical model of 
meteoroid fluxes (CoRA) is 
combined with a chemical 
ablation model (CABMOD - 
Leeds) to provide a 
climatology of Na deposition
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increase in Mg+ below 100 km.  The PI and a PhD 
student (Charlotte Whicker, who started in Oct. 2007) 
are mid-way through a laboratory study of reactions 
of Mg-containing species, and construction of a new 
magnesium model (MgMOD). 
There is a significant issue concerning vertical 
transport of minor constituents in the MLT. In most 
atmospheric models, vertical transport is described by 
the eddy diffusion coefficient (Kzz), which is treated 
analogously to molecular diffusion and operates on 
mixing ratio gradients. Eddy diffusion in the MLT is 
largely generated by breaking gravity waves which 
propagate up from the lower atmosphere: global 
general circulation models generate values of Kzz in 
the range (2 - 4) x 105 cm2 s-1 around 85 km. 
However, Figure 6 shows that NaMOD then fails to 
reproduce in detail the underside of the Na layer 
below 85 km: that is, eddy diffusion is not sufficient to 
transport Na (and atomic O) downwards from above 
85 km, and agreement can only be achieved by 
artificially increasing Kzz to ~ 2 x 106 cm2 s-1.4 In 
contrast, dynamical transport (also known as Stokes 
Drift) occurs when dissipating (non-breaking) gravity 
waves impart a net vertical displacement to 
constituents (and heat) when they propagate through 
a region.11 The demanding requirements to observe 
dynamical transport have been met recently by the 
University of Illinois Na wind/temperature lidar 
coupled to a large steerable telescope.12 The 
resulting analysis showed that the vertical dynamical 

flux (DF) of Na was proportional to the vertical heat flux, which implies that the DFs of other 
important constituents in the MLT, such as O, H and O3 can also be estimated from the vertical 
heat flux. These measurements showed that dynamical transport is at least as important as 
eddy transport in the MLT, and should now be included in chemical models (Objective 3).  
The primary objective of the 4M project is to produce, for the first time, a global model of 
the meteoric metal layers (Objective 4). This model will require as input the injection fluxes of 

each element into the atmosphere. This starts with 
the Meteoric Input Function (MIF) which 
describes the seasonal and diurnal variations of 
meteor rates as a function of latitude, 
directionality, velocity and mass distribution. It is 
now widely accepted that extraterrestrial particles 
in the size range of 10-8 to 10-4 g are the major 
source of metals in the MLT. These particles come 
both from meteor showers and from the sporadic 
background, the latter being much more important. 
Recently, Janches13 has developed a MIF model 
which assumes that the incoming particles 
originate from an Earth’s Apex-centered particle 
population (~70%), and secondary Helion and 
Antihelion populations (~30%). The MIF model 
predictions compare well with High Performance 
Large Aperture (HPLA) radar observations of 
meteors over a range of latitudes and season.13 As 
part of NERC grant NE/B00015X/1 we have 
developed a Chemical Ablation Model 
(CABMOD) which includes sputtering by air 

Figure 6. Comparison between Na lidar 
observations and NaMOD. 
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Figure 5.  Dayglow spectrum from the MLT 
measured by SCIAMACHY [courtesy of M. 
Scharringhausen, U. Bremen]. 
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Figure 7. Ablation rates of individual elements 
from a 5 µg meteoroid entering at 20 km s-1.  



Global mean Na species altitude profiles

Plane, 2004

WACCM June



Seasonal variation of Na column density

Osiris (109/cm2)

Plane, 2009

WACCM (109/cm2)



Residual circulation drives seasonal variation

WACCM (109/cm2)



Seasonal variations

Fan et al., 2007

Osiris (atoms/cm3)



South Pole - weekly densities (cm-3)

Gardner et al., JGR-D 2005

WACCM

LIDAR

WACCM



South Pole - column densities (cm-2)

LIDAR WACCM

Gardner et al., JGR-D 2005



Wuhan, China (115˚E, 30˚N)

Fan Yi et al., JGR-D, 2009

LIDAR
WACCM



Wuhan, China (115˚E, 30˚N)

WACCM

Annual Mean = 3.5x109 cm-2



Na density snapshots at 90 km
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Daily ‘snapshots’ of sodium ~90km / UT00



Daily ‘snapshots’ of sodium ~90km / UT00



Summary

• First global Na model with self-consistent ionosphere and realistic MIF

• Modeling of Na is a stringent test on the MIF, dynamics and chemistry of the 
MLT

• Seasonality well reproduced in the model

• Model can provide insight into what drives day-to-day variability seen by a 
single LIDAR facility

• Absolute densities higher than observed:

• Only removal mechanism is the dimerization of sodium bicarbonate: 
2NaHCO3 (+M)→(NaHCO3)2

• Missing Na removal on meteoric smoke and PMC particles

• Compensated by 6 t/d MIF and PMCs are usually at lower altitudes
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