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Cluster statistics in the high-latitude magnetospheric boundary (exterior cusp, magnetosheath, plasma mantle) showed that i
loss rate from the open part of the polar magnetosphere increases exponential to Kp up to Kp=7, with number density ratio ¢
O/H about 1% in average. This means that the mass density of escapiognipared to the solar wind is about 20%, which can
no longer be ignored. In fact, Cluster observed substantial deceleration of the solar wind H+ while acceleratiom p€ma
mantle. The conservation of anti-sunward momentum means, for inelastic mixing iot@he H* flow, that the kinetic energy
is no longer conserved, with about 10% loss when thiewBlocity reach the H velocity. The energy conversion rate, simply
calculated from the momentum conservation, is proportional to total mass flux (&) into the incident solar wind and to the
square of the solar wind velocity {42), and not dependent on the injection area or solar wind density.

Unlike Mars or comets where the energy is converted to cycloid motion (random gyration), magnetic connectivity to the
ionosphere (load) for the Earth’s case allows the energy is converted to the electric current in the Magnetosphere-lonosphe
coupling system. Applying the observed @alue and area, this means'0'! W, and is large enough to explain the electric
current system flowing in the cusp region, which is the most intense current system in the dayside.

Since the ion heating due to the Joule heating of such an ionospheric current system is the main driver of the ion outflow, th
entire cycle constitute a positive feedback energy extraction, explaining the observed exponential dependence of the escaping fl
to Kp or solar wind velocity. Inversely, it is difficult to explain the exponential dependence to Kp without such a positive feedback,
because the solar wind dependence gives only near-linear dependence to the solar wind &quot;coupling function&quot;, which i
at most usw* but not exponential. Considering the ancient condition that corresponds to Kp=9-10, the mass-loading is extremely
important in the atmospheric evolution.

Thus the ionosphere and escaping ions in the M-I coupling system is more important than we traditionally thought. The presen
positive feedback model with the mass-loading effect assumes that information of &quot;deceleration&quot; propagate upstrear
faster that the information of transversal electric field caused byd€flection (shift of the guiding center), such that electric
field by the H™ deceleration appears before @ickup motion.
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