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Abstract. Observational evidence of the location of a 

dayside high-latitude ionospheric current (DPY current) 
with respect to the different regimes of the high-latitude 
magnetosphere is obtained by analyzing data from the mag- 
netometer chain along the west coast of Greenland in con- 
junction with simultaneous measurements from the newly 
established incoherent-scatter radar facility at Sondre Strom- 
fjord. The latitudinal location of the DPY current is com- 
pared with the location of the maximum F-region electron 
temperature and with the location of the plasma convection 
reversal from sunward to antisunward. The maximum in the 

F-region electron temperature roughly coincides with the 
velocity reversal boundary, while the DPY current is always 
located more poleward, penetrating deep into the polar cap. 
When UT variations are examined, a correlation of 70 to 80 
percent is found between the three locations. 

Introduction 

The DPY current flows generally east-west at high lati- 
tudes in the sunlit part of the ionosphere. It is known to 
change direction with the By component of the interplane- 
tary magnetic field (IMF) and is fairly easy to distinguish on 
the records of a chain of magnetometers at the proper 
latitudes. 

Although extensive work has been done to describe the 
DPY current and its relationship to the IMF [Friis- 
Christensen and Wilhjelm, 1975; Mishin et al., 1981; Feld- 
stein et al., 1982; Troshichev, 1982; Friis-Christensen et al., 
1984], the nature of the current and especially its relation- 
ship to the auroral zone electrojets is not yet fully clarified. 
Some hold the opinion that the DPY effect in the magne- 
tometer records is caused by a redistribution of the elec- 
trojets [Rostoker, 1980] while others consider the DPY as a 
separate current, which can vary independently with respect 
to the auroral electrojets [Friis-Christensen, 1981; Friis- 
Christensen et al., 1984]. 

In recent years a considerable effort has been directed 
toward identifying the field-aligned currents feeding the 
ionospheric DPY current [Iijima and Potemra, 1976; Wilh- 
jelm et al., 1978; Rostoker, 1980; Kamide, 1982; Troshichev, 
1980; Friis-Christensen et al., 1984], but it has proved diffi- 
cult to distinguish different magnetospheric sources because 
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of the complexity of the total field-aligned current system 
[e.g., Rich and Kamide, 1983; McDiarmid et al., 1979]. In 
the work reported here we approach the question of the 
origin of the DPY current from a somewhat different 
direction. 

The incoherent-scatter radar in Sondre Stromfjord, to- 
gether with the Greenland chain of magnetometers, makes 
possible simultaneous observations of the DPY current and 
other ionospheric parameters. We use such observations to 
examine the spatial relationship between the following three 
physical quantities: 
ß The poleward and the equatorward boundaries of the 

DPY current. 

ß The elevated F-region electron temperature, which is 
probably associated with soft electron precipitation in 
the cleft region [Wickwar and Kofman, 1984, and refer- 
ences therein]. 

ß The reversal in the convection pattern from sunward to 
antisunward [Jorgensen et al., 1984, and references 
therein.] 

Observations 

The data we examined were obtained during a total of 50 
hrs of observations in April and July 1983. The observa- 
tional procedure followed was that described by Wickwar et 
al. [1984], although at times there were minor modifica- 
tions. A more detailed description is found in Foster et al. 
[ 1981], Jorgensen et al. [ 1984], and Clauer et al. [ 1984]. In 
their reduced form, the radar data have a time resolution of 
about 20 min between consecutive measurements at the 

same latitude. From the newly reestablished magnetometer 
chain in Greenland, digital data are available with a sam- 
pling rate of 1 min -•. 

The invariant latitudes of the poleward and equatorward 
boundary of the DPY current were determined by means of 
a method described by Kisabeth and Rostoker [1971]. The 
method is based on latitude profiles of the magnetic ele- 
ments, especially the location of the extrema in the vertical 
component. 

In Figure 1 (a) are examples of the latitude profiles show- 
ing the DPY current location. One should be aware that the 
presence of an eastward or westward electrojet equatorward 
of the DPY [Figure l(b)] can introduce systematic errors, 
particularly in the determination of the equatorward boun- 
dary. If the two currents are flowing in the same direction, 
the estimate of the latitude will be a little too high. If, on the 
other hand, the two currents are antiparallel, the estimated 
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Fig. 1. Three examples of latitude profiles of the magnetic 
elements H (horizontal) and Z (vertical). The DPY current 
indicated by the shaded area is located between the extrema 
in the Z component. 

latitude will be a little too low. Since it is often -- but far 

from always -- difficult to identify a clear equatorward 
boundary of the DPY current when the two currents are 
unidirectional, the main part of the inferred latitudes con- 
sists of cases corresponding to two oppositely directed 
currents. 

The boundaries -- determined by means of the Z compo- 
nent w were only included in the study when the current was 
also clearly seen in the H profiles and when the time varia- 
tions in the normal magnetograms showed that the current 
was indeed a DPY current. In some cases, especially near the 
eastern or western border of the current, it is impossible to 
determine a poleward boundary because the current seems 
to broaden and extend beyond the latitudinal range of the 
magnetometer chain. Figure l(c) provides an example. 

Results 

Figure 2 shows a contour plot of the F-region electron 
temperatures at an altitude of--- 350 km. The latitudinal 
variation is plotted against UT. To make the temperature 
maxima more prominent, the high-temperature contours 
are drawn with a solid line, while the low-temperature con- 
tours are dotted. A region of elevated electron temperature 
limited in latitudinal extent stands out clearly. 

Simultaneously with the electron temperature, the 
incoher6nt-scatter radar also measured the plasma velocity 
in the F region. The heavy dotted line shows the boundary 
between sunward and antisunward convection. The dots 

should not be confused with actual measuring points; they 
are on line segments that connect measuring points. In terms 
of the present understanding of magnetosphere-ionosphere 
coupling, this line indicates the boundary between the pri- 
mary convection flowing across the polar cap, and the 
secondary convection or return flow. It is seen that the 
reversal boundary rather closely follows the region of max- 
imum temperatures. 

The shaded area in the figure represents the location of 
the DPY current determined by its equatorward and pole- 
ward boundary, The current is obviously located poleward 
of the convection-reversal boundary and the maximum in 
the electron temperature. Furthermore the UT variations in 
the latitude of all three parameters are well correlated. 
Although limited IMF observations indicate that the UT 
variations are related to variations in B z, a discussion of the 

, 

cause of these variations is outside the scope of the present 
paper, which is to describe the spatial relationship between 
different ionospheric parameters. 

In Figure 3 a similar plot for a less-disturbed day is 
shown. The general features follow the same trends as were 
seen in Figure 2, although both the current and the high- 
temperature contours on the average have moved several 
degrees poleward. Between 1100 and 1500 UT (magnetic 
local noon is at 1400 UT) it is not possible to locate a 
maximum in the electron temperature, presumably because 
it migrates poleward and out of the radar range. 

On this day a clear velocity reversal could be found only 
on the postnoon side. This holds for most of the days we 
examined, and is due to the fact that By (as inferred from the 
direction of the DPY current) was negative during most of 
the period. 

Between 0950 and 1030 UT and between 1340 and 1640 

UT we could not identify the lower and upper boundary 
respectively of the DPY current. This is indicated by omit- 
ting the solid line otherwise bordering the shaded area. 

In order to get a quantitative measure of the correlation 
among the various parameters, we performed a linear corre- 
lation analysis. The resulting regression lines, each of which 
is based upon approximately 40 data points, are shown in 
Figure 4, where the upper and the lower boundary of the 
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Fig. 2. Comparison of boundaries on the dayside at very 
high latitudes. The contours of electron temperature are 
from the altitude range 325-375 km. The high temperature 
contours are drawn with solid lines while the low tempera- 
ture contours are dotted. This highest contour is 3600 K and 
the contour interval is 200 K. The shaded area shows the 

location of the DPY current, and the filled circles show the 

location of the convection revfrsal. Magnetic local noon is 
approximately !400 UT. 
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Fig. 3. Same as Figure 2, but for a more quiet day. The 
highest electron temperature contour is 3200 K. 

DPY current and the velocity-reversal boundary are plotted 
against the latitude of the maximum in Te. The correlation 
coefficient r is seen to be rather high. For the reversal 
boundary it is slightly above 0.8 and for the boundaries of 
the current it is around 0.7. The slope of the regression lines 
is only slightly below 1.0. Because of the limited invariant 
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Fig. 4. Regressiofi lines obtained by least squares fitting, 
showing the connection between the latitude of maximum 
Te, the velocity reversal, and the lower and upper boundary 
of the DPY current. r is the linear correlation coefficient. 

latitude range of the radar, there are no data available when 
the Te maximum is above 79 ø A. The 2800 K contour lines 

of Figure 3 indicate, however, a good correlation even at 
these latitudes. 

Discussion 

The region of intense precipitation of soft, magnetosheath- 
like electrons in the dayside polar ionosphere is reported to 
have a rather well-defined latitudinal extent; especially the 
equatorward boundary is seen to stand out very clearly in 
satellite data [e.g., Burch, 1972]. The latitudinal width varies 
but it is often around 5 ø . Soft electron precipitation will heat 
the F-region plasma, and we therefore suggest that our 
observed regions of enhanced electron temperature sp..atially 
coincide with the regions of soft electron precipitation. 

McDiarmid et al. [1976] found that hard electrons char- 
acteristic of closed field lines were present in the equator- 
ward half of the region of soft electron precipitation. Can- 
didi and Meng [1984] likewise concluded from simultaneous 
observations at conjugate points that the equatorward part 
of the region normally is on closed field lines mapping out to 
the low-latitude boundary layer (when present), while the 
poleward part is on open or tail field lines. 

If one assumes that the region of elevated electron 
temperature and the region of soft electron precipitation are 
roughly coincident, the results of Figures 2 and 3 also show 
that the region is divided into two physically distinct parts. 
The boundary between primary and secondary convection 
passes right through this region, and the DPY current is 
located only in the poleward part. The auroral electrojets 
are not shown on Figures 2 and 3, but when they are present, 
they are located equatorward of the convection reversal and 
hence equatorward of the DPY current. 

From our observations of currents and other ionospheric 
parameters we therefore conclude that the DPY current is 
physically associated with the primary convection, contrary 
to the electrojets, which are associated with the return flow. 
Furthermore the DPY current and the electrojets are flow- 
ing in two physically distinct regions; the DPY current is 
flowing in the polar cap on open field lines or field lines 
mapping out to the tail, while the auroral electrojets are 
flowing on closed field lines. 

Another interesting feature is that the DPY current is not 
limited to the region of elevated electron temperature but 
penetrates deep into the polar cap. The DPY current is 
limited on the equatorward side by the cleft, whereas its 
poleward boundary has no obvious magnetospheric counter- 
part. 
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