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LONG-TERM GOAL

The following is a brief list of three goals: (1) Develop a global ionosphericatatidweather
forecast model that is accurate at macro and meso s(3l€xtermine the role of GPS and UV
remote sensing in ionosphericase weather specification aridrecasting, and3) Develop
physics-based fercasting techniques and mottal spread-F disturbances in the low latitude and
equatorial ionosphere

SCIENTIFIC O BJECTIVES

The scientific objectives arél) Develop model of global ionospheric dynamics and structure
including magnetospheric and atmospheric coupling for a range of geophysical conditions; (2)
Develop schemes for the parat®rization of mesoscaleriospheric structures and processes and
inclusion into global ionospheric models; (3) develop GPS and UV optatal dssnilation
techniques for real-time updating of global ionospheriedast models(4) Compare GPS-
derived ionospheric ettron density profiles with global ionosphericdoast model predictions,

and (5) Develop physics-based model for the three-dimensional nonlinear evolution of equatorial
spread-F bubbles and their coupling to higher latitudes

APPROACH

A set of equations for continuity, momentum, energy, and current conservation have been solved
using finite-difference techniques and applied to the global ionosphere with thalitapéb
variable magnetospheric and thermospheric inputs. The code hasdmtenzed and run on the

NRL Cray-EL computer. In order to develop GP&adasmilation we usetechniques from
meteorology called "nudging" whereby an ionospheric patam e.g., total electron content
(TEC) or electron density profile can be iaskated into the code using a teamnal relaxation
method. We have collabated with

Dr. Michael Reilly of GeolocCorporation in this approach by using a GPS-derivedtrdn
density profile (EDP) from a GPSceiver in Hawaii and comparing thgofile with the
predicted EDFrom the NRL global ionospheric fecast code. We are also cblmating with

Drs. Mendillo and Aeons of Boston University, Dr. Kintner of Cornell, Dr. Basu and Sultan of
Air Force Research Laboratory (fjps Laboratory), and Dr. Ry on the development of a
forecast model of equatorial spreadskRaspheric disturbances. We are comparing the nonlinear
evolution of equatorial spread-F bubbles using a GPS-derived EDP as an initial condition with
ground-based radar observations. With Drs. Nlendind Aaons we are comparing the
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altitudinal and latitudinal extent of spread-F bubbles from our nonlinear code with their optical
and GPS observations. With Dr. Kintner we are developing models for the east-west velocity of
equatorial bubbles for use in Kintner's enhanced GPSHstioh model. Finally, we are
collaborating with Drs. Basu and Sultan from AFRL in the possible integration of our nonlinear
spread-F code in the Air Force Coupled lonospheric ifigiitn Model (CISM) of the 55th Air
Weather squdron.

WORK COMPLETED

We have completed the followindl) First-principles Global Ionospheric femast Model
(GIFM) code written and implemented on NRL CRAY computer; cagtefor solar maximum,
solstice, and low geomagnetic activit{g) GPS-derived EDP has been compared with GIFM
predictions at midlatitudes; (3) Two hours of GP&adfrom a single eceiver for EDP
specification has been successfully applied to GPS receiver in ArequipaioP€rctober 18,

1996; (4) GPS-derived EDP has been used as an initial condition to drive the nonlinear evolution
of equatorial spread-F bubbles for near real-time eaptins; (5) Nonlinear evolution of
equatorial spread-F bubbles using GPS-derived EDP atatidwith gound-based Jicamarca
incoherent scatter radar observations, @dNonlinear evolution of equatorial spread-F bubbles
computed using vertically inhomogeneous background ionospheric profile supplied by Air Force
Research Laboratory

RESULTS

The NRL GIFM has been run for lanited range of gephysical conditions. The comparison
between GIFM output and GPS-derived electron density profile is a neeatiair. A sample

vertical EDP taken from GIFM is shown in Figure 1, on page 4. GPS has the promise of being
used not only for real-time EDP spec#tion for quiet conditions but also as an initial and
boundary condition to drive mesoscale ionospheric processes in the form of equatorial spread-F
bubbles. Figure 2 shows, on page 5, the GPS-derived EDP at an equtdtioal lscated at
Arequipa, Peru and the EDP as measured using the Jicamarca incoherent scatter radar located
nearby to the northwest. Figure 3 shows, on page 5, the nonlinear evolution of equatorial spread-
F bubbles and depletions using the GPS-derived EDP as an initial condition. The Rayleigh-Taylor
-driven bubble caneach altitudes 0500-600 km on the order of an hour. Figure 4 shows, on
page 6, the Jicamarca radar map on the same night with agreement in general size, structure, and
vertical extent. This is the first use of GPS derived parameters to initialize mesoscafgheric
dynamical processes.

IMPACT/APPLICATION

The development of the NRL GIFM will permit glodalecast capaliy over a range of spatial
scales. This will genate an iproved understanding of the causeeeffrelationships in the near
earth space weather eroriment for a variety of conditions. In addition, the development of a
predictive model for equatorial spread-H allow for the improved operation of commauation,
navigation, and positioning systems operating in and through low latitude regions.



Office of Naval Research Space and Remote Sensing

1997 Annual Report

TRANSITIONS

The NRL GIFM model will be used by Dr. Michael Reilly togrve the global empirical models
that are used for GPS environmental spea&iion. Global empirical models are natcurate
during disturbed storm periods. In addition the NRL GIFM could be uséattsal bnospheric
space weather nowcasting afatecasting model. The low latitude and equatorial spread-F
models and codes will be used by the Air Force in thiegsics-based CISM sciliition model.

In addition, the nonlinear spread-F codé# e used to intgret airglow and GPS data in the low
latitude and equatorial ionosphere by researchers at Boston University and Cornell University.

RELATED PROJECTS

In the area of global ionospheric modeling, Utdats and the Air Force Researchbbaatory
currently areactively engaged. However, the NRL GIFM is the first global model torpurate
the effects of mesoscale structure and real-time GPS darailatssn techniques. In addition,
NRL has the most sophistited model andonlinear code to study the evolution of equatorial
spread-F bubbles and their coupling to higher latitudes currently in use.
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Figure 1. Comparison of Vertical Electron Density Profiles From GIRM in the Northern and
Southern Hemishpere
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Figure 2. Comparison of GPS-Derived EDP and Ground-Based Radar Measurements
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Figure 3. Evolution of Equatorial Spread-F Bubbles Using GPS-Derived EDP
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Figure 4. Jicamarca Range-Tiivdensity Map of Equatorial Spread-F



