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Four peak longitude structures in the ionosphere

The four peaks driven by
nonmigrating eastward
propagating tidal mode
with zonal wavenumber 3
(DE3) in dynamo region.
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100
Brightness, Rayleighs

IMAGE composite of 135.6-nm O airglow (350—400 km) in
March—April 2002 for 20:00 LT and amplitude of modeled
diurnal temperature oscillation @ 115 km (Immel et al., 2006).




Whole Atmosphere Model (WAM)

e Global seamless whole atmosphere model WAM hybrid vertical grid
(WAM) 0-600 km, 0.25 scale height, 2° x 2° (every 3rd level)
lat/long, hydrostatic, 10-fold extension of 600 : [
Global Forecasting System (GFS) US weather 500 1 s
model. ] i

400 -

e O;chemistry and transport

e Radiative heating and cooling
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e Cloud physics and hydrology

e Sea surface temperature field and surface
exchange processes

e Orographic gravity waves parameterization
e Eddy mixing and convection

e Diffusive separation of species

* Composition dependent C,

e Height dependent g(z)

e EUV, UV, and non-LTE IR £

e lon drag and Joule heating % o . -~
Coupled to an ionosphere and g?
electrodynamics module (CTIPe), ?;8 T - 1
working on coupling to IPE (Naomi Ve B E SRS R S
Maruyama) _ _IEEEaEEES
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WAM agrees well with the diurnal migrating tide DW1
and the famous DE3

WAM model top: Akmaev et al. 2008

DW1 T amplitude (K), 100 km ,
DE3 T amplitude (K), 116 km
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50% increase in TEC in January 2009 when solar and

Goncharenko et al. 2010
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Benefits of WAM

e Compatible with the US weather model already
running operationally

e Can implement the operational Gridpoint Statistical
Interpolation (GSI) data assimilation system,
utilizing the lower atmosphere data

* Able to follow real lower atmosphere weather
events and their impact on the upper atmosphere
and ionosphere (such as hurricanes, tornados,
planetary waves, sudden stratospheric warming,
tropical convection, longitude structure in
migrating and non-migrating tides)




WAM simulations of the January 2009 sudden
stratospheric warming )38 Vs ubaons)
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January 2009 Stratospheric Warming impact on EIA

GPS-TEC observation
before and after SSW
Goncharenko et al. (2010)
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Driver of the Immel longitude structure

Lightning strikes from convective storms, signature of latent heat release:
Either three or four peaks in longitude: wave 3 or 4
llluminated by the Sun every 24 hours: diurnal

cos(Qt + A) cos4h  ---> cos(Qt + 5A) + cos(Qt - 3A)
cos(Qt + A) cos3A  ---> cos(Qt + 4A) + cos(Qt - 2)\;\

Can create a diurnal eastward propagating W2 or W3 D 2 and DE3
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Example of impact of tidal variability
Tzu-Wei Fang et al. 2013 from WAM-GIP model simulation
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Use WAM winds, composition, density to drive GIP plasma density
- agrees well with Arecibo ISR observations by Djuth et al. -
WAM-GIP ~20% plasma density

WAM temperature perturbations at Arecibo . _
perturbations at Arecibo
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BOSTON COLLEGE

Variability of Electrodynamics

GIP Plasma Drift RT Growth Timescale
Vyert [m/s]
RT Growth Time [min]
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height (km)

Bubble development in physics-based irregularity

model (PBMOD) with WAM fields (180 km
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lonospheric Variability (TEC) and

Sources in American Sector
(Model: Tzu-Wei Fang, SAIR project; GPS TEC data: Cesar Valadares, LISN)
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NOAA Operational Models

e WSA-ENLIL and the Michigan Geospace physical
models have been transitioned to NOAA
operations and are now providing real-time space
weather products

 National Weather Service is committed to raising
the lid of the US weather model to improve long-
range seasonal and sub-seasonal terrestrial
weather forecasts

* Presents an opportunity to include an operational
thermosphere ionosphere physical model -
specifying and forecasting space weather in the
upper atmosphere
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DE3 winds drives E-region dynamo to
produce tidal signatures in nightside

Equatorial lonospheric Anomaly (EIA)
Why 4 peaks at fixed local time?
0 100 200 300

Brightness, Rayleighs

IMAGE composite of 135.6-nm O airglow (350-400 km)
for March-April 2002 and magnitude of tidal temperature
oscillations at 115 km (Immel et al., 2006).
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lonosphere, electrodynamic, and tidal response
can be forecast at least a week ahead (Wang et al., 2011)

Initialized with analysis using operational
data on Jan 13th, WAM is able to forecast the
warming and tidal response several days in
advance (Wang et al. 2011), farther ahead
than the NWS GFS operational model
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WAM simulations of the January 2009 sudden
stratospheric warming
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Electrodynamic comparison JRO vs WAM-CTIPe

Chau et al.

Aug 3rd, 2017
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reproduce the main features in the
observed vertical plasma drift
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including the stronger upward drift
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» Largest tidal changes during
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After Storm

Before Storm

Combination of poleward movement of Equatorial lonospheric &5
Anomalies (EIA) due to penetration electric field and build-up ~ @
of mid-lat plasma by the Heelis effect o
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BOSTON COLLEGE

RT Growth Rates

Calculated using WAM winds and electric fields to drive ionospheric structure

Kwajalein longitude sector

IntRTG maxima Start DOY: 243 2009 Longitude: 170
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Red: Exponential of integrated
growth rate, giving the linear
amplification factor for the
amplitude of an unstable mode

Gray dashed lines
mark local midnight

Certainly demonstrates significant day-to-day variability of strength of instability
Linear growth factor is large (i.e., exceeds 50),0n.5 days out of 10 ’3



BOSTON COLLEGE

Scintillation History, Longitude 170
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BOSTON COLLEGE

Baseline Observations
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BOSTON COLLEGE

The mean winds on
55 Days 244 and 245
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2009 Strat-warm Impact on lonosphere and Space Weather
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50% increase in TEC in January 2009

60-90°N Zonal Mean Temperature
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Whole Atmosphere Model (WAM) with coupled ionosphere
WAM spectrum with 180 km grid — cuts off at about 25 minute period

WAM spectrum of waves
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Whole Atmosphere Model (WAM) N

« Extended Global Forecast System (GFS) upper boundary from WAM GIP
64 km to 600 km

* Resolution 2°x2° in latitude-longitude, H/4 in altitude Wind. TemP,- Ionosp henc
« Free or forecast runs Composition Conductivities

« Orographic gravity waves parameterization
* Horizontal & vertical mixing ¢
« Radiative heating (EUV & UV) and cooling

* lon drag & Joule heating [ Electrodynamics Solver }
« Major species composition, Eddy mixing

¢ Non-orographic gravity waves parameterization

 Improved neutral composition Global Electric Field
e Daily UV and EUV from SDO-EVE, GOES-XRS, and

TIMED-SEE for solar heating and dissociation Ionospherlc Parameters
o TIROS/NOAA auroral ionization is included
» Real time solar and geomagnetic indexes

* Height dependent g(z) I / I

Global lonosphere and Plasmasphere Model (GIP)

The horizontal resolution in the low-latitude region is about 1° in latitude and 4.5 in longitude. In
altitude, it covers the plasmasphere and gives information from 100 km to higher than 20,000 km.
It solves continuity, momentum, energy equations and outputs are Ni (0%, H*, 0,*, NO*, N,*, N°),
Ne, Ti, Te and Vi.

The apex coordinate system (Richmond, 1995) is adopted in the structure of magnetic field, in
which a global three-dimensional grid are created by tracing through the full International
Geomagnetic Reference Field (IGRF).

Daily UV and EUV from SDO-EVE, GOES-XRS, and TIMED-SEE for solar ionization

Real time solar and geomagnetic indexes




WAM = Extended GFS

GFS hybrid vertical grid WAM hybrid vertical grid
(every 2nd level) (every 3rd level)
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With and Without WAM:
Adding the Lower Atmosphere

lonosphere-thermosphere model
coupled to the lower atmosphere:
Global maps show structure relevant to
GPS accuracy and available

Typical ionosphere-thermosphere
model: Global maps show little
fine structure

The temperature structure from a stand-alone thermosphere ionosphere
plasmasphere model (e.g., CTIPe) is similar to the MSIS empirical model. The Whole
Atmosphere Model (WAM) drives variability from the chaotic lower atmosphere
which introduces a whole spectrum of variability.
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F REGION IONIZATION
RANSPORT PROCESSES

NN

e 3
EXB REGION

®E

E REGION

MAGNETIC EQUATOR
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Contents

 Neutral density and satellite drag

e Positive and negative phases of |onospher|c
storms impacting communications and
positioning, navigation, etc.

e Other sources of ionospheric variability
 Small-scale waves from the lower atmosphere
e |lonosphericirregularities

e Large scale waves and longitude structure

e Sudden stratospheric warmings
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Tracking of Space Objects
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During the geomagnetic storm 1000,
of March 1989, more than 1000
objects were temporarily lost  soot
for a period of several days.
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caused by a severe geomagnetic storm. s
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CTIPe Mean Molecular Mass 2013-03-18 00:00UT
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change and the
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Positive phase -TEC response to expansion of magnetosphere convection
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Halloween Storm Lei et al. 2012
Clear distinction between equatorial
ionization anomaly peaks and SED
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