Three Myths about Empirical Models

** Myth #1: There is no physics in empirical models.

** Myth #2: Empirical models cannot describe short-term
variations.

* Myth #3: Empirical models are not very useful scientifically.

¢ Bonus Myth: Scatter in the data will obscure systematic
behavior
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Myth #1: There is no physics in empirical models.

Reality:
Almost all major empirical models have foundational physical constraints. Examples:

* International Geomagnetic Reference Field (IGRF): No magnetic source terms above
Earth’s surface. V& =0

B=-VV

e« MSIS, DTM atmosphere models: Hydrostatic and diffusive equilibrium (connects
temperature and density data).

dP = —pgdz

Converse myth: There is no data in first-principles models
Reality: All first-principles models employ empirical parameterizations
(including major empirical models) to represent:

e Subgrid-scale processes

e Background conditions

* Boundary conditions

* |Initial conditions



Myth #2: Empirical models cannot describe short-term
variations (aka “It’s just climatology”).

Reality:

e Empirical models can describe the average observed response to geophysical drivers,
not just the time-averaged state of the system.

e |f the drivers are changing
rapidly, the empirical model
will change rapidly, too.
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Myth #3: Empirical models are not very useful
scientifically.

Reality:

Empirical models are indispensable scientific tools whose diverse uses include:

e Prediction of geophysical conditions at specific times

e Adistilled view of the historical observational record

A benchmark for assessing new measurement techniques and first-principles models
* Boundary and initial conditions for first-principles models

* Interpolation among sparse observations

e Attribution of observed variations

e First guess (Bayesian prior) for measurement retrievals

e Background conditions for other models (e.g., wave propagation)

Empirical model papers are among the most widely cited in the literature...



° EXTENSION OF THE MSIS THERMOSPHERE MODEL INTO THE MIDDLE AND LOWER ATMOSPHERE
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Bonus Myth: Scatter in the data will obscure systematic behavior

Reality:

e Empirical models successfully and fundamentally describe the average (climatological)
observed behavior of the system, including short-term systematic responses.

e Stochastic or chaotic variations (i.e. weather) are largely averaged out in the processing.

* From a systems perspective, empirical models of climate can be viewed as follows:

Y = U, (xl,xz,x3,..., )+g

Climate variablej Climate of j Dr|:/?arfs “Weather” of j

» State properties * Deterministic * Functional form » Stochastic
(e.g., temperature) . Represents mean can be nonlinear * May depend on

* Variational response of * Can include time history of Y.
properties (e.g., system to drivers history of drivers « Includes deterministic
tidal amplitude) « Expectation value effects omitted from p.

When comparing data or first-principles models with empirical models, keep in mind:

e Disagreement between a small number of measurements and an empirical model does
not invalidate the empirical model.

 Agreement over a short time period between first-principles and empirical models does
not validate the first-principals model.

e Averaged point-for-point comparisons provide the most rigorous assessment of data-
model biases and model-model biases.

 The uncertainty of the mean is the relevant statistic.



Geospace Empirical Model Tutorials

John Overview: 3 Myths about Empirical
1330
Emmert Models
1335 Stefan International Geomagnetic Reference
Maus Field (IGRF)
1352 John NRLMSIS Atmosphere Temperature
Emmert and Composition Model
1407 Jens Climatological Tidal Model of the
Oberheide Thermosphere (CTMT)
1424 DOU8 Horizontal Wind Model (HWM)
Drob
Dieter International Reference lonosphere
1439 -
Bilitza (IRI)
1456 Dan High-latitude Electric field and
Weimer  Current Models
Paul .
1513 L AE-9/AP-9 Radiation Belt Models
O’Brien

Tutorials will cover: e
e Assimilated data

Background magnetic field vector

Atmospheric neutral temperature, density, and <

composition

Diurnal and semidiurnal tidal amplitude and <

phase (temperature, wind, density)
Atmospheric horizontal neutral wind vector <

Electron and ion density, composition, and <

temperature; vertical electron column density

Electric potential, field-aligned currents, <
Poynting flux, geomagnetic field perturbations

Energetic electron and proton fluxes <

* Recent and planned improvements and upgrades
* Model operation and limitations

Model arguments, formulation, and included physical constraints

Model Connections



A (non-exhaustive) bibliography of other geospace empirical models

Name or
Model Output Reference(s)

Lean
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DTM-2013

JB2008

Zoennchen

Mukhtarov

Scherliess/
Fejer

Stening/
Winch

Hardy

Cousins

Atmosphere ozone
column density

Lower thermosphere
nitric oxide density

Thermosphere
temperature, density,
and composition

Thermosphere mass
density

Exosphere hydrogen
density

lonosphere electron
column density (total
electron content)

Low-latitude lonosphere

plasma drifts

lonosphere quiet-time
electric currents

lonosphere
Conductivity, Auroral
Power

High-latitude electric
potential
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A (non-exhaustive) bibliography of other geospace empirical models (continued)

Name or
Model Output Reference(s)
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Sheeley

Brautigam-
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Ozeke

Weigel

Tsyganenko

Olson-Pfitzer
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Shue

Auroral Power and
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Plasmasphere Plasma
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Radiation Belt Radial
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Ground-level Magnetic
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Magnetosphere
Magnetic Field

Magnetosphere
Magnetic Field

Magnetopause
Location
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