REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information
Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other
provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) [ 2. REPORT TYPE

3. DATES COVERED (From - To)

10/07/2021 Final Report 1/2/2018-4/13/2021
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
High-Resolution, Multi-scale Dynamics of the Coupled Thermosphere / N00173-18-1-G006
lonosphere / Plasmasphere System =5 GRANT NUMBER

N/A

5c. PROGRAM ELEMENT NUMBER

N/A
6. AUTHOR(S) 5d. PROJECT NUMBER
Ridley, Aaron, J. 04-C004-19

5e. TASK NUMBER

N/A

5f. WORK UNIT NUMBER

N/A

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
University of Michigan, 2455 Hayward, Ann Arbor, Ml, 48109-2143

8. PERFORMING ORGANIZATION
REPORT NUMBER

N/A

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

Office of Naval Research
Chicago Regional Office
Room 380

Chicago, IL 60604-1595

10. SPONSOR/MONITOR'S ACRONYM(S)
(ONRRO)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

N/A

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for Public Release, distribution is unlimited.

13. SUPPLEMENTARY NOTES
None.

14. ABSTRACT

The main goal of this research grant was to couple the SAMI-3 ionosphere model with the GITM
ionosphere/thermosphere model. This was accomplished over the period of the grant. Below,
we describe some of the modifications that were needed to accomplish this.

15. SUBJECT TERMS
Thermosphere, lonosphere, Modeling

16. SECURITY CLASSIFICATION OF:

a. REPORT b. ABSTRACT | c. THIS PAGE

17. LIMITATION OF
ABSTRACT

uu

18. NUMBER
OF
PAGES

19a. NAME OF RESPONSIBLE PERSON
Ridley, Aaron, J.

19b. TELEPHONE NUMBER (Include area code)
734-764-5727

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. 239.18



Title: High-Resolution, Multi-scale Dynamics of the Coupled
Thermosphere/lonosphere/Plasmasphere System
Grant #: AWDO006451
Type of Report: Final Report
Pl: Aaron J. Ridley
Institution: University of Michigan
Due Date: July 12, 2021

The main goal of this research grant was to couple the SAMI-3 ionosphere model with the GITM
ionosphere/thermosphere model. This was accomplished over the period of the grant. Below,
we describe some of the modifications that were needed to accomplish this.

- Reorganized the SAMI-3 code into a format that would better lend itself to coupling with other
codes, including: (a) reorganizing the code to have distinct initialization and advance routines,
allowing SAMI-3 to advance for a certain amount of time before returning to the main coupling
code; (b) using output file logical units that don't collide with other codes so that files do not
get overwritten; (c) reorganizing the directory structure by moving source files into a sub-
directory, creating run directories as need using the Makefile, having input and output
directories that are distinct; and having share and util sub-directories that have libraries that
are used by GITM and SAMI-3 together.

- Created a SAMI-3 to GITM coupler that collects all of the SAMI-3 data on the main processor,
message passes it to GITM, and redistributes it onto the GITM processors. An 8-point linear
interpolation method was created to go from the SAMI-3 domain to the GITM domain. This
coupler took a long time to implement, since the amount of information that was message
passed turned out to be an issue on the NASA Pleiades machine. We ended up having to
message pass the information in smaller chunks as the number of processors became larger on
the GITM side. This has been tested on up to 200 processors for GITM, which is a resolution of
1° latitude by 4° longitude, which is a standard (nominal resolution) run for GITM.

- Created a GITM to SAMI-3 coupler that collects all of the GITM data on the main processor,
message passes it to GITM, and redistributes it on the SAMI-3 processors. The interpolation
scheme for this was complicated in that SAMI-3 extends below GITM and above GITM. Since
GITM uses MSIS and HWM for boundary conditions on the lower boundary, SAMI-3 simply uses
these below the GITM domain. Above the GITM domain, SAMI-3 uses a scheme where is
assumes that the winds and temperatures are constant in a lat/lon wedge above GITM (using
its top cell to extrapolate) and assumes that the neutrals are in hydrostatic balance above this.
The first revision of this coupler did not make this assumption, using MSIS both above and
below GITM, and the results were strange, so this new method was implemented.

- Modified SAMI-3 so that it uses the index reading functionality of GITM, even when it is run
independently. For example, SAMI-3 can now read in the IMF, Hemispheric Power, F10.7, and
several other files that GITM uses. It can then update these indices dynamically in SAMI-3,
allowing the brightness of the EUV and the MSIS boundary conditions to change as a function of



time.

- Modified SAMI-3 so that it can use the Weimer electrodynamic potential within the model
run. Before, Weimer had to be run before the run and potential files had to be created to be
read in. Indeed, now SAMI-3 can use Weimer dynamically from within it. It can also use AMIE
and SWMF output files to drive the high-latitude potential.

While these changes are a long way towards being able to completely model the IT region, the
following modifications are still needed to improve this modeling:

- SAMI-3 needs to be modified to use either a tilted offset dipole field and/or the APEX
magnetic field coordinate system.

- SAMI-3 will need to have the aurora added to it. The coupling described above (with the
Weimer code) allows a specification of the total energy flux and average energy of the
precipitation. GITM has an energy deposition code coupled in, which can be used by SAMI-
3. This should be straightforward to implement, but still needs to be done.

- For efficiency, the coupling between GITM and SAMI-3 should be processor-to-processor
based, as opposed to collect-transfer-and-redistribute. This will allow the GITM to SAMI-3
coupling to be extendable to any resolution, while it is currently limited by the amount of
memory on the machines. This is more complicated and will several weeks to implement and
test. This does not affect the performance of the GITM and SAMI-3 codes at all, but just the
scale-ability and message-passing time of the coupled code when they are run with higher
resolutions.





