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Figure 1. Eight gray curves with time marks running parallel indicate trajectories of subionospheric points 

(ground projections of intersections of line-of-sights and a hypothetical surface as high as 300 km) of 

Satellite 3 from GPS stations in the Ryukyu Islands. The trajectories cover the period shown in Fig. 4. 

Numbers denote the IDs of the GPS sites (locations shown as open circles). For 0738, an additional 

trajectory is shown for Satellite 19 (open triangle is the 02 UT time mark). The H-IIA rocket was 

launched from Tanegashima, and ascended southward along the gray track (crosses show positions at 

altitudes 100, 200, 300, and 400 km). The height and velocity of the rocket are shown as functions of 

time in the inset together with the electron density profile drawn using the equation (1) in the text. The 

three epochs in the inset show (1) the solid fuel booster stop (111 seconds), (2) first engine stop (399 

seconds), and (3) second engine start (416 seconds).  
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 Figure 2. (a) Raw time series of TEC on January 24 observed at 0738. Curves show TEC obtained with 

different GPS satellites, and their concave patterns reflect changes of satellite elevation. Satellites 3 and 

19 show unusual TEC decrease shortly after the launch at 01:33 UT. In (b) we show the anomalous 

component of Satellite 3 TEC changes isolated as the difference from the expected curve, the average 

of the curves in the same period on the previous and next days (c). 
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Figure 3. The calculated densities of water 

molecules (a) and electrons (b) after the H-IIA 

launch at seven epochs (times are after the 

launch), shown as profiles along the H-IIA 

ascending track (nearly north-south). Contours 

show 10, 30, 50, 100, 500 x 10
11

/m
3
 in (a), and 

1, 2, 3 x 10
11

/m
3
 in (b), respectively. The white 

region in (b) is the ionospheric hole. Anisotropic 

diffusion of water molecule due to 

height-dependent diffusivity was approximated 

by adopting the diffusivity at the middle point 

height between the source and the destination of 

the diffusion (Model 1). Those calculated by 

equations of Bernhardt (1979a) for the first three 

epochs are given in (c) and (d). 
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Figure 4. Dark gray curves show anomalous 

changes in TEC at eight GPS stations (Fig. 1) 

over two hours period including the launch 

time. Light gray curves show TEC changes 

simulated by two different models for the 

anisotropic water diffusion (Models 1 and 2). 

In Model 1’curves, natural decay of the hole 

with a time constant of 1.5 hour was added to 

those by Model 1.  
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