S-RAMP(STEP-Results, Applications and Modeling Phase) Database in Japan

Simulation/Modeling (SRAMPDB-J-SM0003) Version 1.0 January 1999

KRM Output for the January 10, 1997 Magnetic Storm

This CD-ROM contains 1-min. plots of ionospheric parameters, which represent the KRM output for the January 10, 1997 magnetic storm.

1. Introduction

Magnetic perturbation data are available from, at least, 100 groundbased magnetometers worldwide. Thus, using a model of the ionospheric conductance or global snapshot imaging of the aurora in various wavelengths from polar-orbiting satellites and radar measurements of ionospheric parameters, it is possible, through magnetogram-inversion techniques, to generate a two-dimensional map of:

(1) The equivalent ionospheric current system. (2) The electric potential and electric fields in the ionosphere. (3) Field-aligned currents.

(4) Joule heating from the ionospheric currents. (5) Other related parameters such as the Hall and Pedersen components of the ionospheric currents.

One of the byproducts of this modeling effort is the ability to deduce some of the important planetary parameters, including the cross-polar cap potential, total Joule heating rate, and the total electrojet and field-aligned currents. Adding satellite observations of the solar wind and the magnetosphere leads us to a better, quantitative understanding of solar wind-magnetosphere coupling.

In view of the growing realization of the importance for monitoring Space Weather, this CD-ROM demonstrates that ground magnetic observations are quite useful in estimating two-dimensional maps of electric fields and currents in the polar ionosphere on a near real-time basis. For this purpose, we have chosen the January 10-11, 1997 magnetic storm, particularly of interest to the solar-terrestrial physics community because of the dramatic response of the Earth’s magnetosphere to an intense magnetic cloud in the interplanetary medium: see, for example, Burlaga et al. [1998]. We used the KRM algorithm [Kamide et al., 1981] to calculate the ionospheric parameters.

2. KRM Algorithm and Procedure

Ground magnetogram records from 105 observatories have been collected: see Shue and Kamide [1998] for the distribution of these observatories. The quiet-time variation of January 8, 1997 has been removed from all of the magnetogram data.

To run the KRM algorithm, the Ahn et al. [1998] model of the ionospheric conductance has been utilized for simplicity. This model is essentially empirical, based on incoherent scatter radar measurements of electron density and ion drifts from which electric fields and the conductance in the polar ionosphere are deduced. Using a large number of radar data covering various quiet and disturbed conditions, Ahn et al. [1998] obtained an empirical formula for the relative strengths of ionospheric electric fields and the conductance, which are parameterized in terms of magnetic disturbances for various geomagnetic latitudes and local times.

3. KRM Output

The KRM plots in this CD-ROM cover the period from 0000 to 2359 UT (except for 0001, 0524, 1104, 1242, 1320, and 1924-1930 UT), January 10, 1997, in terms of the electric potential, ionospheric current vectors, field-aligned currents, superposed X_m component plots, and the corresponding solar wind conditions.

(1) Electric potential: Contours of the electric potential are shown in the upper-left panel. The contour interval is 10 kV. The potential value at the pole is set to zero as a boundary condition in solving the KRM differential equation. The maximum potential, the minimum potential, and the total potential difference are indicated in the lower-right corner of this panel.

(2) Ionospheric current vectors: The upper-right panel shows ionospheric current vectors. Red (or blue) arrows denote the westward (or eastward) currents in the ionosphere. Note that this color differentiation is not very meaningful if the east-west currents are minor or the total current itself is minor.

(3) Field-aligned currents: The lower-left panel shows global patterns of field-aligned currents, using the contour interval of 0.40 ¯A/m2. Red (blue) contours represent the upward (downward) field-aligned current. The upward and downward field-aligned currents have been integrated over the area above 50ffi, corresponding to the total upward and downward currents. The maximum upward and downward current intensities are marked in the lower-right corner of this panel.

(4) The superposed X_m component plots over 60ffi-75ffi corrected geomagnetic latitude are superposed in the first row of the lower-right panel. The four subsequent rows are: IMF B_y, B_z, and solar wind number density and speed observed by the WIND spacecraft during the January 10, 1997 magnetic cloud event. The red vertical line corresponds to the period of the KRM output shown in the three plots. Note that the solar wind parameters in this panel have not been shifted according to the propagation time of the solar wind from the WIND to the magnetopause locations.

Acknowledgements. The KRM calculation was supported by the Center of Excellence (COE) program under the auspices of the Ministry of Education, Science, Sports and Culture of Japan. We would like to thank E. Kihn, H. W. Kroehl, L. D. Morris of NOAA/NGDC, and G. Lu of NCAR/HAO for their assistance in collecting the ground magnetometer data, which were used in the KRM computation. We are grateful to G. Burns, M. Engebretson, L. Hakkinen, K. Hayashi, T. J. Hughes, L. J. Lanzerotti, C. Maclennan, D. Milling, T. Moretto, S. I. Nechaev, V. I. Odintsov, M. Pinnock, J. Posch, A. S. Potapov, T. J. Rosenberg, O. A. Troshichev, G. van Beek, A. T. Weatherwax, K. Yumoto, and A. Zaitzev for providing magnetograms. We thank J. T. Steinberg of MIT and R. P. Lepping of NASA/GSFC for providing the SWE and MFE data from the WIND satellite.

Support for the production of the S-RAMP Database was provided by grants in aid from the Ministry of Education, Science, Sports, and Culture.

References

Ahn, B-H., A. D. Richmond, Y. Kamide, H. W. Kroehl, B. A. Emery, O. de la Beaujardiere, and S.-I. Akasofu, An ionospheric conductance model based on ground magnetic disturbance data, J. Geophys. Res., 103, 14769, 1998.

Burlaga, L., R. Fitzenreiter, R. Lepping, K. Ogilvie, A. Szabo, A.

Lazarus, J. Steinberg, G. Gloeckler, R. Howard, D. Michels, C. Farrugia, R. P. Lin, and D. E. Larson, A magnetic cloud containing prominence material: January 1997, J. Geophys. Res., 103, 277, 1998.

Kamide, Y., S. Matsushita, and A. D. Richmond, Estimation of ionospheric electric fields, ionospheric currents, and field-aligned currents from ground magnetic records, J. Geophys. Res., 86, 801, 1981.

Shue, J.-H., and Y. Kamide, Effects of solar wind density on the westward electrojet, in Substorms-4, edited by S. Kokubun and Y. Kamide, 677, Terra/Kluwer Pubs., Tokyo/Dordrecht, 1998.

CONTACT

Yohsuke Kamide Solar-Terrestrial Environment Laboratory, Nagoya University 3-13 Honohara, Toyokawa 442-8507, Japan TEL: +81-533-89-5183, FAX: +81-533-89-0409 E-mail: kamide@stelab.nagoya-u.ac.jp

Jih-Hong Shue Solar-Terrestrial Environment Laboratory, Nagoya University 3-13 Honohara, Toyokawa 442-8507, Japan TEL: +81-533-89-5184, FAX: +81-533-89-5090 E-mail: jhshue@stelab.nagoya-u.ac.jp

S-RAMP Database

Tatsuki Ogino, Chair S-RAMP Database Committee in Japan Solar-Terrestrial Environment Laboratory, Nagoya University 3-13 Honohara, Toyokawa, Aichi 442-8507, Japan TEL: +81-533-89-5184, FAX: +81-533-89-5090 E-mail: ogino@stelab.nagoya-u.ac.jp