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Overarching Goals

* The goal is to generate weather forecasts of the
lonosphere to Investigate:

— The dynamics that reaches the lower thermosphere
and couples the thermosphere with the 1onosphere

— The role of composition of the MLT in changing
the characteristics of the D- and E-regions

— The benefit of including weather at increasing
resolution to improve HF radio-wave propagation.
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Variability of lonospheric Weather

« Solar radiation is the primary driver
of 1onospheric variation

D MASA

o Lower-atmospheric weather
accounts for up to 40% of the
day-to-day variability observed in
the 1onosphere

Immel et al., 2006.

Brightness, Rayleighs
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Bottom-side lonosphere Weather Modeling

Solar

Drivei

: . : NRL-SAMI3
How do environmental conditions (chemistry,

solar drivers, and meteorology) affect radio-
frequency wave propagation?

MoJo
Radio-wave propagation code.
Includes updated dispersion and attenuation.
Capable of using observations & model data.
Produces ionograms (WSBI) for verification.
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NRL SAMI3
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Regridding using ESMF

We are taking advantage of the ESMF toolkit to handle
regridding between the WACCM-X and SAMI3 models.

WACCM-X grid

Pressure grid
1.9° x2.5°
(nlon, nlat, ya
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Horizontal Projection

We seek a decomposition of temperature, constituents and winds in terms of spherical
harmonics:

T(A, e)—z z T Yoo (1, 0)

n=0ms=

where A is the longitude and 0 is the co-latitude.

Yin(4,0) = Y3 e™AL, . (cos (0))
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Vertical Extension:
Bates profiles

Assuming diffusive equilibrium, Bates vertical profiles describe the equilibrium
. For temperature:

T(Q) = Tox — (Tox — To)e ™7 ™%0)
where T, Is the exospheric temperature, T, is the temperature at a reference level .

For densities (with n,, a reference density profile):

1+
nx(() = Ny [TO/T(()] ! e"“”(z"%)

with: y = 2 o= (T2)lg,
O'kaex Tex R TO

are assumed constant in altitude above the exobase.
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WACCM-X

Input Datasets
Grid description
Namelist controls

Output (netCDF)
>
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VNS IES

v Regridding: ESMF
v Vertical extension: Analytical formulation

v Optimization: MPI (longitude) & OpenMP (field-
line transport)

v’ Restart facility
v netCDF output
» namelist controls
dlons

e One-way coupling (WACCM-X =>» ionosphere) Is
completed.
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TBD In FY16

* Two-way coupling:
— lon drag (momentum tendency)

— Electron temperature heating (temperature
tendency)
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Summary & Final Thoughts

 NRL /Space Science Division is coupling the WACCM-X thermosphere with the
ionosphere of the NRL/SAMI3 model:

: Coupling the thermosphere up to the exobase with the ionosphere to 8 R,
: Achieving code efficiency and accuracy

. Atmospheric weather effects on the D-region absorption and E-regions
HF transmission.

» One-way coupling is close to completion and includes:
— Full re-gridding between the WACCM grid and the field-lines grid.
— Analytical formulation of vertical extension for neutrals above the WACCM-X lid
— NetCDF output and namelist controls
— Initial MPI and OpenMP implementations, but more work needs to be done

— An exhaustive comparison of the SAMI3 ions to WACCM'’s has not been done yet.
« Atwo-way coupling is next and should (!) be relatively straightforward.
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