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The Response of the Total Electron Content

of the Ionosphere Over North America to
the Total Solar Eclipse of 26 February 1979

Early research into ionospheric eclipse effects revolved around ground based

techniques such as vertical incidence ionosondes and fixed frequency transmis-

sions. 1 These techniques have nox been supplemented by rocket and satellite

studies as well as incoherent backscatter measurements. 2, 3 The advent of geo-

stationary satellites in conjunction with ionosonde measurements has made possi-

ble a more detailed study of the spatial and temporal variation of eclipse effects. 4

The 26 February 1979 total solar eclipse provided an opportunity to study the re-

sponse of the F region of the ionosphere over North America during a solar maxi-

mum-flux period. Previous eclipses at lower solar flux conditions produced both

increases in the peak density of the F" regions 5 and decreases. 3

(Received for publication 27 September 1983)

1. Beynon, W. J. G. , and Brown, G. M., Eds. (1956) Solar Eclipses and the lono-
sphere, Pergamon Press, London.

2. Rishbeth, 11. (1986) Solar eclipses and ionospheric theory. Space Sci. lev.
8:543 -554.

3. Marriott, R.T., St. John, 1). E. , Thorne, H. M. , Venkaleswaran, S. V. , and
Mahadevan, P. (1972) Ionospheric effects of two recent solar eclipses.
J. Atmos. Terr. Phys. 34:695-712.

4. Klobuchar, J.A. , and Malik, C. (1970) Comparison of changes in lotal elec-
tron along three paths, Nature, 226:1113-1114.

5. Evans, J. V. (1965) An F region eclipse, J. Geophys Res. 70:131-142.
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2. OISERVATIONS

Ionospheric total electron content (TEC) observations were carried out from

eight stations during the 26 February 1979 total solar eclipse over North America

by measuring the Faraday rotation of the plane of polarization of the vhf signals

from suitably located geostationary satellites. From one of the stations, Hamil-

ton, observations were made using four satellites. The map in Figure 1 shows

the centerline of path of totality at 420 km, the location of the TEC stations to-

gether with the 420 km sub-ionospheric point along the raypath to the satellite, and

the sub-satellite locations of the satellites. Titheridge 6 has shown that the use of

a fixed height of 420 km yields the TEC up to 2000 km with an error of -5 percent

or less under most conditions.

80

60 2

zCHUKUNI GOOSE SAY E

O4 TU.AC LTON
40 -ABOULDER

VAND NBRGPORT MONMOUTH
KENNEDYT

20 - RAMEY

0
ATS-I SMS-2 "Is 3 COES-2 ATS- 5RI

200 220 240 260 280 3CC 320 340 360
LONGITUDE -E

Figure 1. 'Map Showing the Centerline of Path of Totality at 420 km
for the Total Solar Eclipse Over North America of 26 Feb 1979. The
TEC stations ( • ) are shown together with the 420 km sub-ionospheric
points (x) along the raypaths to the geostationary satellites. The
nominal sub-satellite positions of the various geostationary satellite
and the sub-ionospheric tracks of the two NAVSTAR/GPS satellites
(N! and N2) are also shown

6. Titheridge, J. E. (1972) Determination of ionospheric electron content from the
Faradar rotation of geostationary satellite signals, Planet. Space Sci.
20:353-369.
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Table I lists the TEC stations, satellite beacons, and the 420 km sub-ionos-

pheric points and their invariant latitudes. Ionosonde stations and their locations

are indicated also.

Table 1. TEC Observation Sites and Ionosonde Locations

420 km Sub-Ionospheric Point

TEC Station Satellite LatituJe Longitude A'N  W  o

Goose Bay ATS-5 46.2 62.4 60

Chukini ATS-3 45.6 95.5 58

Bozeman S\1S-2 41.3 110.5 51

Hamilton ATS-3 38.5 75.9 53

SMS-2 38.5 76.7 53

SIRIO 38.1 59.8 51

ATS--5 37.9 70.7 53

Boulder GOES-2 36.5 104.0 47

Vandenberg ATS-J 31.8 123.8 39

Kennedy ATS-5 26.3 79.6 41

Ramey ATS-5 17.1 67.4 36

Ionosonde Station Latitude Longitude A
o \ W  ON

Fort Monmouth 40.2 74.1 53

Boulder 40.1 105.2 49

Vandenberg (also
GPS receiving station) 34.8 120.5 40

Goose Bay 53.3 60.5 63

From Vandenberg, Calif, measurements also were made of the ionospheric
group delay from two NAVSTA /Global Positioning System (GPS) satellites in two
12-h synchronous orbits with an orbital inclination of 63 deg. The sub-ionospheric

tracks of the two GPS satellites during the eclipse period are also illustrated in
Figure 1.

- 9



For the two stations located in the path of totality, Chukuni and Bozeman, the

time sequences of the eclipse along the raypaths from 0 to 1000 km are shown in

Figures 2a and 2b. lor (Chukuni (Figure 2a,, totality extended almost to 900 kin;

fotr liozean (lFiLure 2b), it reached almost 400 kn. For both stations, the con-

tact times ocL urred at earlier times %&ith increasing height.

[ono'ra data from [Fort Monmouth, Boulder, Vandenberg, and Goose Bay

wert. also used to investigate ionospheric bottomside changes during the eclipse.

3'. IRE!,I I.I",

3 .1 TiAul E'lectroti (itnltl

ig iures au, P:, and 3c sho%% the 24-h diurnal TEL( results cor the eight sta-

tions x hich i monitored Uaradav rotation :rom geostationarv satellites. Figure 3a

also shoks the Fredericksburg K indices for 26 Februarv 1979. A magnetic storm

had occurred on 22 Februa rv ald e ,as Still showiTIa Moderate activity on 26 Febru-

ary. Numerous small substorms were reported from 0845 liT to 1900 1T. Fi-

gures 3a, 31), and 3c show the results for 26 Februarv, the average for several

days around the eclipse day, and the normalized average TE( curves obtained

from the actual average curves by setting the two equal before first contact on the

eclipse day. This procedure was adopted if the average curves differed markedly

in absolute value from the curves for the eclipse day. Each plot also indicates the

times of first contact, maximum obscuration, and last contact of the eclipse at a

height of 300 kin. The 300-ki height was chosen as an average between the 420-

km height centroid of Faraday rotation6 and an assumed height of 180 km for the

height of peak production. 7 The eclipse day TE(" values were taken at 5-min in-

tervals from 14 to 21 h UT; all other data were taken at 15-min intervals. For

each station, the average curve was derived from available data; this varied from

2 to 6 days around the eclipse day.

The time sequences of the eclipse at 300-km height for the raypath to the geo-

stationary satellite for each observation from each station except Ramey are

shown in Figures 4a, 4b, and 4c, together with the change of the TEC, A Nt from

the average curve, and from the normalized average curve for those stations

where the actual average curve differed significantly from the TEC preceding

first contact. The rate of change of TEC, dNt/dt , is also plotted in Figures 4a,

4b, and 4c, together with that of the average curve. The time of first and fourth

contacts and the maximum obscuration at 300 km are also indicated.

7. Ratcliffe, J.A. , and Weekes, K. (1960) in Physics of the Upper Atmosphere,
J.A. Ratcliffe, Ed., Academic Press, New York and London.
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Figure 2a. Time Sequences of the Fraction of the Solar D~isc Exposed During
the Total Solar Eclipse of 26 Feb 1979 Along the Raypaths From 0 to 1000 km
for Chukuni
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Figure 2b. Time Sequences of the Fraction of the Solar Disc Exposed During
the Total Solar Eclipse of 26 Feb 1979 Along the Raypaths From 0 to 1000 km

for Bozeman
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Results) From Goose Bay. (hukuni, and Bozeman. The arrows (t) indicate the
times of first contact, maximium obscuration, and last contact of the eclipse at a
height of 300 k. The K indices from Fredericksburg for the eclipse day are also
shown
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mum obscuration, and last contact of the eclipse at a height of 300 km
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Figure 4a. Time Sequences of the Percent Solar Obscuration at 300 km. the Change
in T EC. and the Rate of Change of T EC for Goose Bay. Bozeman, and Chukuni for
the Eclipse Day (-), the Average Value ( - -- ), and Normalized Average Values
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Figure 4d illustrates the change in equivalent vertical TEC from a control day

as measured from the group-delay technique from two GPS satellites, along with

the percent solar obscuration along the slowly changing satellite directions. The

comparison day used for determining the difference due to the eclipse effects was

25 February. The group-delay method is a measure of the differential modulation

-°

S NAVSTAR -

0

s .....+ .. ..

z 1

a 50-

001
[

5

EL 15'
z- k
<3

-~ ~~ ~ + -4 . . .--

15 16 17 UT

F-igure 4d. Change in Equivalent Vertical TE( IFrom a Control
Day (26 Feb 1979) as Measured at Vandenberg From Two
NAVSTAR/GPS Satellites
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phase on two carrier frequencies transmitted from the GPS satellites and is di-

rectly proportional to the TEC along the direction to the satellite. The signals

transmitted from the GPS setellites have the capability of correcting for both the

time-delay effects of the earth's ionosphere and for its rate of change. In the pre-

sent data, only the time delay information itself was used.

For each of the TEC eclipse day results, the time delay of minimum TEC and

of maximum TEC depletion from the time of maximum tclipse were noted. Table 2

summarizes these results for each station and satellite observed, together with the

eclipse contact times, percent maximum eclipse, and the TEC" percent depletion.

Table 2. Time Delays of Minimum TEC and of Maximum TEC
Depletion From the Time of Maximum Eclipse

I'i T I I ]lI'tl,l Ill( "I:( I~ep1&'~

S \ - - 1626 1-I 81I 14 14

I ~l m~ \I -- 5 I io 16 1 1 W) . I Olt 4 ;0

S0 --- 1 6 1 1 il . I , -16

TI' 1 64(

1I I i , 1 1 1- - -6 10
7] 'T I' x" | -- 7, I I, lS ] I' I 2 ' -- 7

I 171 H, 1 7 1,' 1

7*ut 1:,.r ,. , \ \' 7 I\N .-- 1 1 ,,! I *' I 7 ' 2 ' "1 "21-- 42

\: ii, I." %\ \ I \lI - A I 1 ' 1 ' , :1 -6 72

The TEC from all of the stations except Ramey showed an effect that could be at-

tributed to the eclipse. For the raypath from Ramey. the ionosphere was only

2 percent eclipsed at 300 km at maximum contact, and no effect that could be attri-

buted to the eclipse was observed. While there was a decrease in TEC of approxi-

mately 11 percent observed from Goose Bay due to the eclipse, this sub-auroral

station appeared to be under the influence of particle precipitation during the day of

the eclipse. Further indications of particle precipitation effects are the generally

irregular behavior of the TEC and the occurrence of amplitude scintillation

19



throughout much of the day. The magnetic activity as evidenced by Kp showed

moderate activity during the eclipse period.

For the TEC results from the remaining stations, first contact commenced at

local times ranging from 0632 h at the Vandenberg sub-ionospheric point to 1246 h

at the 1lamilton-to-SIHIO satellite sub-ionospheric point. Hence, for Vandenberg,

Bozeman, Boulder, and (hukuni, the eclipse occurred during the morning increase

in TEt and thus caused a delay in the morning increase. For the TEC results

from Hamilton and Kennedy, the eclipse occurred near the peak of the TEC and

hence caused a "bite out. " However, for the Hlamilton-SIRIO satellite results,

fourth contact occurred at the expected daily peak time of the TEC, and hence the

TEC did not recover from the eclipse depletion before the afternoon decrease com-

menced. 8

For the TEC results from Chukuni, the rate of depletion showed a rapid fall

after about 30 min following first contact, reaching a minimum value before maxi-

mum contact. Before fourth contact was reached, the rate of increase of TEC had

overshot the non-eclipse average, gradually returning to the non-eclipse average

after fourth contact. .Maximum TEC depletion occurred at 30 min after maximum

solar obscuration. This type of behavior was typical of most of the TEC results.

Figure 5 is a graph of the percent solar obscuration of the TEC results versus the

percent TEC depletion. As a first order approximation, the line of best fit for the

% TEC OEPLET.ON - 0 68 x % EC..PSE - 26

302.

- 0

% EC.. PS%

Figure 5. Graph of the Percent Solar Obscuration Versus
Percent TEC Depletion Using Data From the 11 Geostation-
ary Satellite TEC Results Wx and for the 2 NAVSTAR /GPS
Satellites (NI and N2). The line of best fit (excluding Ra-
mey TEC data and the 2 GPS satellites) is I/ TEC depletion
= -2 6 + .68 * % solar eclipse valid only for obscurations
> 38 percent

8. Morton, F. W. , and Essex, E. A. (1978) Total electron content observations
during 23 October 1976 solar eclipse over Southeastern Australia,
J. Atmos. Terr. Phys. 40:11l-114.
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points is

' TE' depletion -26 - .68 * T obscuration (1)

(obscuration > 38,)

Hence, for this eclipse, no measurable effect occurred in the ionospheric TE( un-

til the obscuration of the sun exceeded 38 percent. The GI'S results were omitted

from the calculation of the best-fit line due to their continuously changinu position.

31.2 Imiograin-

Data from the Fort Montnouth, Boulder. Vandenberg, and Goose Bay Jono-

sondes for the eclipse period were analyzed to determine the bottomside response

to the eclipse. The peak density of the ionosphere was determined from the foF2

values scaled at 5-main intervals obtained from the Fort Aonmouth ionosonde for

the eclipse period on 26 February 1979. The results are shown in Figure 6a toge-

ther with the hourly values for 24 and 25 February 1979. The Fort Alonmouth peak

density behavior is very similar to the flamilton TEC results. In this case, the

regions of the ionosphere being sampled are very close (see Table I). Slab thick-

ness (the ratio of the TE to the peak density) was calculated using the lamilton

ATS-3 satellite. The slab thickness parameter is a first order measure of the

shape of the ionospheric l-region profile. Both the eclipse day and 24 February

showed increases around the same UT times. [Hence, the slab thickness increases

on 26 February are not necessarily the result of the eclipse.

True height reductions of the ionosonde data fro:-n Vandenberg and Boulder

were carried out for the eclipse period at 15-min intervals. The bottomside TEC

was obtained by integrating the true-height bottomside profile. while the topside

TEU was determined by subtraction from the corresponding Faraday TE_ recorded

at that station. These results are plotted in Figures 6b for Boulder and Figure 6c

for Vandenberg, together with the F"-region peak density, height, and slab thick-

ness. For Boulder, the peak density and slab thickness at hourly intervals on

25 February are also shown. The TEC and ionosonde data do not refer to exactly

the same location, but the contact times of the eclipse are nearly co-incident.

Comparison of the true height profiles (not shown), the bottomside, and topside

TEC and hmF 2 for Boulder indicates that the filling-in of the bottomside ionos-

phere starts after maximum obscuration, whereas the topside TEC does not start

to increase for over an hour. This is partly caused by an increased in hmF2 , al-

though the TEC shows similar behavior. The slab thickness parameter also shows

an increase of approximately 10 percent, indicating a small change in layer shape.

First contact of the eclipse at Vandenberg occurred before the E layer had
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formed, so bottomside observations are complicated by the normal morning for-

mation of the E layer and its depletion by the eclipse. Large variations in the

height of the peak which normally occur during the morning hours also modify the

bottomside TEC results. The slab thickness parameter shows a continuous in-

crease, indicating a change in layer shape that is also a normal daily occurrence.

This is indicated on the bottomside by the changes in the true height profiles (not

shown) as the E layer forms.

Figure 6d is a plot of NmF2 at Goose Bay on the eclipse day, 26 February,

and on the two previous days, 24 and 25 February. The peak density on the eclipse

'[tip AR, 24
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Figure 6d. Peak Density Variations at
Goose Bay During the Total Solar
Eclipse of 26 Feb 1979 (10-min values).
Also shown are the hourly values for
24 February ( o ) and for 25 February
1979 (x). The arrows ( t ) indicate the
first, maximum, and fourth contact of
the eclipse in the ionosphere at 300 km

day was considerably less than that on the two previous days, while the TEC,

shown in Figure 3a. was not significantly different. The ionosonde is located ap-

proximately 7 deg north of the 420 km height point of the TEC observations from

Goose Bay. On the eclipse day, additional evidence of a large gradient in the F re-

gion was indicated by the presence of a second F2 layer of higher density. This

second layer was particularly strong around 1730-1800 UT (see Figure 6d). This

second layer reflection may have been caused either by auroral activity or by re-

flections from a higher density layer further to the south of the ionosonde as in-

dicated by the TEC observations.
24
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\%hile the TLC observations did not show clear, unambiguous changes due to

the eclipse, the Nnjl" at Goose Bay showed a clear drop beginning near the time

of maximum obscuration, followed by recovery near the time of fourth contact.

Because of the greatly different behavior of TEC from the NrmF2 at Goose Bay even

before the start of the eclipse, likely due to the magnetically disturbed conditions

on this clay, no attempt was made to examine the behavior of equivalent slab thick-

ness for these two sets of data.

I. ISCI SllON

The TEC results presented here for the total solar eclipse of 26 February 1979

across North America show that the cutoff in solar ionizing radiation produced a

significant depletion in the TEC along the path of the eclipse. At one of the sta-

tions, Goose Bay, the eclipse effect in TEC was probably partly masked by parti-

cle precipitation associated with substorm events. A first order approximation

shoxs that for this eclipse, for cbscurations greater than 38 percent, a clear de-

pletion in TEL occurred. This effect in TEC is larger than that reported by Al-

rneida et a19 and Marriett et a13 for the 1970 total solar eclipse across North

America. These differences may have been caused by oppositely directed vertical

wind drifts during the two eclipses. For the 1979 eclipse, the path of totality was

northward for all the stations except for the two stations in the path of totality,

Bozeman and (hukuni.

One of the interesting features of the TEC results from most of the stations

for this eclipse was the recovery of the rate of change of the TEC to values greater

than the average non-eclipse values before fourth contact and their slow return to

the non-eclipse values after fourth contact. Possible explanations for this effect

include the modification of neutral winds and electric fields during the eclipse.

This effect requires further investigation.

Investigation of the peak density and bottomside ionosphere using ionosonde

data showed that the peak density and TEC depletions were similar for two of the

four stations for which data were available. For the third station, Vandenberg,
the eclipse commenced early in the morning before the E layer had formed. the -

peak density showed only small changes, although the TEC results show a large

depletion. This result is probably due to the combined effect of large changes in

layer height (hnF2) and shape (slab thickness) (see Figure 6c). Increases in slab

thickness occurred at both Fort Monmouth and Boulder during the eclipse, but

9. Almeida, 0. G., Waldman, H.. and daRosa, A. V. (1972) Neutral winds implied
by electron content observations during 7 March 1970 solar eclipse,
J. Atmos. Terr. Phys. 34:713-717.
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these changes cannot definitely be attributed to the eclipse because similar varia-

tions occurred on other days (see Figure 6a). Similar results have been reported

by Klobuchar and \lalik4 during the 1970 total solar eclipse. F-or the fourth station,

Goose Bay. the proximity or the auroral oval and the spatial separation o' the parts

of the ionosphere being sampled by the ionosonde and the laradav rotation mea-

surements may have led to differences in the peak density an i TI,
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