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Abstract— The paper examines the lonospheric response to
the annular eclipse of the sun on January 15, 2010 over eastern
and western Malaysia using GPS data measurement from 14-
ground station in Malaysia. The GPS sensing technique employs
two different approaches to verify the TEC depletion occurrence
at the 14-stations. The first approach measures the TEC
depletion parameters at the 14 GPS stations during the solar
event. The second approach compares the TEC value with the
quiet day TEC variation at one of the station 3-days before and
3-days after the solar eclipse event. The GPS observation
indicates occurrence of TEC depression at 6 stations where the
behaviour varying from one station to another. On the basis of
the first and second measurement techniques, the range of TEC
depletions at the six stations were 9 to 20 %, while for the other
8-stations 0.4 to 12% respectively. The measurement shows that
TEC depression at most GPS stations began on the neck of the
first contact of the solar eclipse followed by deeper depressions.
This effect was as a result of the hiding of the optical rays during
the solar eclipse which causes direct reduction in photo
ionization; destroy the previous photo-chemical equilibrium and
result in the depletion in electron density.

Keywords— Total Electron Content, GPS stations, Annular
Eclipse

. INTRODUCTION

The partial or total blockage of the solar radiation from the
sun reaching the earth called solar eclipse is an event that
happens only for a short period of time every year. This short
event can induce or cause variations in lonospheric parameters
such as; reduction of lonospheric Plasma, Total Electron
Content (TEC), F-layer maximum [1] profiles of temperature,
source-response relation between the ambient rates of
production the ions and electrons start to recombine, chemical
loss and motion of ionization, photochemistry, an increase of

effective reflection heights during the eclipses ([2], [3], [4]). It
can also cause variations in the atmospheric parameters ([5],
[6], [7]). A lot of work has been done by many researchers in
the past and have shown that there is a significant decrease in
the TEC during solar eclipse ([8], [9], [10]). For example at
Scott Base Antarctica during 23rd November 2003, total solar
eclipse the TEC level shows a decrease by about 17% and 30%
[11].

In this paper, the TEC measurement recorded by 14
ground-based GPS receiving stations in Malaysia are employed
to examine the Vertical Total Electron Content (VTEC)
variations during the short period (about 2 hours and 50
minutes) of the solar eclipse.

Geophysical Location And Eclipse Path

Figure 1 shows the path of annular solar eclipse and the
coverage area by the eclipse shadow on 15th January 2010
[12]. The eclipse shadow was first seen at the western part of
the Central African Republic at 05:14 UT. The Moon’s
antumbral shadow then move across Chad, Democratic
Republic of the Congo, Uganda, Kenya and Somalia. The
shadow then moves leaving Africa and crosses the Indian
Ocean. The greatest eclipse with magnitude reaches 0.9190
occurs at 07:06:33 UT while the maximum duration of the
annularity reaches 11 minutes and 08 seconds. The central path
then continues moving into Asia and passes through
Bangladesh, India, Sri Lanka, Burma (Myanmar) and China.
In its final moments, the antumbra travels down the Shandong
peninsula and disappear at 08:59 U [13].
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FIGURE 1: THE PATH OF ANNULAR SOLAR ECLIPSE ON 15™
JANUARY 2010 (SOURCE: ESPENAK 2010)

Il. DATA SOURCES AND METHODOLOGY

Data for January 15 2010 were retrieved from 14 ground-
based GPS receiving stations in Malaysia namely, Alor Setar,
Ipoh, UKM (Bangi), Kota Bharu, Kuantan, Johor Bahru,
Kuching, Sibu, Sri Aman, Miri, Kota Kinabalu, Sandakan,
SIK1 and Tawau. For depth analysis of the solar eclipse event,
available GPS data from 12th to 18th of January at UKM
Bangi station (only) was retrieved. The data covers 3-days
before and 3-days after the solar eclipse. The 13th and 17th day
data are the most disturbed and quiet days respectively, in the
GPS calendar for the month of January 2010. Bernese GPS
software version 5.0 was used to model the Vertical Total
Electron Content (VTEC) for the 14-stations. The variation of
VTEC during the 2hours 49 minutes period of the annular solar
eclipse at the 14-stations were investigated. Figure 1: The path
of annular solar eclipse on 15th January 2010 (Source: [9]).

I1l. RESULTS AND DISCUSSION

Table 1 presents the Geo-location and
characteristics for the 14- GPS stations in Malaysia.

eclipse
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Station lat  lon  Maximum Ecipsebegings Maximum  MaxMag  Eclipse ends Edipse  Total Elipse

Name deg _deg Obscuration IstContacttime Magnitude _time _dth Contacttime __loca Time Time
AlorSetar (SR1) 63 1037 B9 06S640UT 050 0BIB68UT 094S2ULAUT  2%to4dSpm  Zhrsd9min

Ipoh (BABH) 485 10105 BB 6SSIUT 045 082R2L8UT 094LSSSUT  258toddlm  dhsd3min
UKM (UK 19 07 BN R0L9AUT 041 082609UT 0937558UT  30Lto437pm  2hrs3emin
KotaBharu (UMAS) 612 10230 3446 070332207 047 083LOL3UT 09449307 303todddpm  Zhrsdlmin
Kuantan (KRAI) B WU 0r0rB3UT 040 0829:198UT 093906707  307tod3%pm  2hrs3min

lohorBahru(HY) 18 1877 N4
Kuching (UPNS) 158 1m0 ny

(rs40.10r 034
07342660 03

(82632407 (93231307 309to432om  2hrs min
(83425407 92731307 334to427pm  Thrs K3min

Sibu(S1BY) 8 1 e 7B 022 0836S40UT 0928:27.0UT  338to428m  ThrsS0min
Sri Aman (AMAN) 120 1158 1008 07392950 00 083515907 092500107 339t0425m  Thrs4min
Mir (MIRI 43 1wn o B s 04 08412407 0933049UT  343tod33m  ThrsSmin

Kotakinabalu (MSS) 597 11608 1352
Sandakan (SAND) 58 1805 1M
Tawau (MTAW) oWy

or4rgour 04
s 0a
7352001 018

084435007 093536807 347tod35pm  Thrs S0min
(8458607 (93318207 352to433pm  Thrsdlmin
(84406007 092815207 3:55to4280m  Thrs 33min

Table 2: Comparison of VTEC values during the Solar
Eclipse
() (8) © (0)

Max TEC Values TEC Values TEC Values At Max TEC Values
Before Eclipse  When Eclipse begins Eclipse Contact

When Eclipse end

Name TEC (TECU) TEC (TECU) TEC (TECU) TEC (TECU)
AMAN 24.234 24.08 23.29 21.64
MIRI 23.326 22.85 21.75 19.69
SAND 22.932 21.85 20.45 18.31
MTAW 23.322 2241 2112 19.15
UMSS 22.89 21.89 20.67 18.37
BABH 23.07 23.06 22.40 21.30
JHIY 24.14 24.14 23.59 2217
KRAI 23.05 22.94 22.18 20.97
SIB1 23.98 23.77 2271 20.58
UKM 24.02 23.90 23.50 21.70
SRIJ 23.50 23.50 22.84 21.55
UMAS 24.16 24.04 23.07 21.03
UPMS 23.70 23.70 23.13 21.93

IV. SUMMARRY AND CONCLUSION

The paper examines the lonospheric response to the annular
eclipse of the sun on January 15, 2010 over eastern and
western Malaysia using GPS data measurement from 14-
ground station in Malaysia. The GPS sensing technique
employs two different approaches to verify the TEC depletion
occurrence at the 14-stations. The first approach measures the
TEC depletion parameters at the 14 GPS stations during the
solar event. The second approach compares the TEC value
with the quiet day TEC variation at one the station 3-days
before and 3-days after the solar eclipse event. The GPS
observation indicates occurrence of TEC depression at 6
stations where the behaviour varying from one station to
another. On the basis of the first and second measurement
techniques, the range of TEC depletions at the six stations were
9 to 20 %, while for the other 8-stations 0.4 to 12%
respectively. The measurement shows that TEC depression at
most GPS stations began on the neck of the first contact of the
solar eclipse followed by deeper depressions.
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This effect was as a result of the hiding of the optical rays
during the solar eclipse which causes direct reduction in photo
ionization; destroy the previous photo-chemical equilibrium
and result in the depletion in electron density.

The magnitude of the eclipse and the maximum angle of
obscuration varies from 0.18 to 0.50 and 8.47° to 38.09°
respectively for all the stations. The first eclipse contact time
for Malaysia began in Alor Setar at 06:56 Universal Time (UT)
around 2:56 pm Local time (LT) and the eclipse fourth contact
time also end at Alor Setar at 09:46 UT around 4:46 pm (LT).
The total duration of the eclipse for all the stations was
between 1hrs 33min at Tawau and 2hrs 49 min at Alor Setar.

Table 2 presents the various values of VTEC before contact
with eclipse, at 1st contact time, at maximum magnitude time
and the end of eclipse (4th contact time) respectively. The time
of contact are shown in Table 1. Six out of the 14-stations
namely; UKMG, AMAN, MIRI, SAND, MTAW AND UMSS
shows significant drop in VTEC values from 9.6 to 20.2% at
the end of the eclipse. There was positive correlation
coefficient of about 0.5 between the eclipse magnitude and the
depletion of VTEC at the end of eclipse contact. Figure 2a, 2b,
2c¢ and 2d present the VTEC variation at 5-minute and one hour
intervals during the 2-hours 49 minutes period of the eclipse
for all the 13-station in Malaysia. A gradual drop in values of
the VTEC can be seen, but was more higher at five stations in
Figures 2a, 2c when compared to Figures 2b and 2d.
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Figure 2a: VTEC variation at 5 minutes Intervals for the 6-
stations
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Figure 2b: VTEC variation at 5 minutes Intervals for the other
8-stations
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Figure 2c: Hourly VTEC variation at for the 5-stations
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Figure 2d: Hourly VTEC variation at the other 8-stations

Figures 3a, 3b and 3c present the daily variation of VTEC
data for UKM Bangi from 12th to 18th and also for 15th

January 2010 at the same local time (2pm to 9pm) of the solar

eclipse respectively.
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Figures 3a shows there is a drop in the maximum value of
VTEC on 15th when compared to other days of the week. On
___________________________ T the basis of local time of the eclipse 2pm to 9pm, Figures 3b
T fowestons and 3c shows that the VTEC maximum was the lowest on the
15th, when compared to same hour of the week. VTEC varies
from 18.3 to 23.9 TECU on 15th between 2pm to 9pm, but
when compared with the same hours 3-days before and after
—rezn - the eclipse (20.3 to 27.9 TECU) the difference was about 2 to 4
TECU. Figures 4a and 4b present the percentage difference of
VTEC when all other days were compared with the quiet day
(17th January 2010) and also with the Local time of event 2pm

VTEC( TecU)

17th

oy to 9pm respectively.

Figure 3a: Daily VTEC variations 3-days before and 3-days
after Solar Eclipse at UKM
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Figure 4a Percentage difference of each Day VTEC compared
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Figure 3b: Total Electron Content from 12th to 18 Jan 2010
between 2-5pm Local Time UKM Bangi.
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Figure 4b Percentage difference of each Day VTEC compared
to quiet day 17th Jan 2010 at the Local Time of event 2pm to
R 5pm for UKM Bangi.

Time (LT)

Comparison of the eclipse day (15th) with the quiet day
Figure 3c: VTEC values at the station local time (06 to 13 UT) ~ 17th show a variation up to -7.5% during the local time of
from 15" to 18" January 2010 at UKM Bangi event (2pm to 9pm) compared to other days of the week.
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Figure 5 present the curve fitting for the solar eclipse event

at UKM Bangi.

ACKNOWLEDGMENT

The authors wish to acknowledge the support of Covenant

University, Ota, Nigeria and the Institute of Space Science,
University Kebangsaan Malaysia. This research is jointly
funded by Covenant University, Nigeria and the Malaysian
Government through Universiti Kebangsaan Malaysia under
the Science Fund 04-01-02-SF0599, UKM-GUP.NBT -08-28-
115 and UKM-DLP-2011-003.

(1]

[2]

(3]

(4]

[5]

REFERENCES

Cohen E. A. 1984. The Study of the Effect of the Solar Eclipses on the
lonosphere based on Satellite Beacon Observations. Radio Science 19:
769-777

Liu, J.Y., Tsai H.F., and Jung T.K, 1996. Total electron content obtained
by using the global positioning system, Terr. Atmos. Oceanic Sci., 7, pp.
107-117

Le H., Liu L., Yue X. and Wan W. 2008. The lonospheric Response to
the 11 August 1999 Solar Eclipse: Observation and Modeling, Ann.
Geophys., 26:107-116.

Le H., Liu L., Yue X. and Wan W. 2009. The lonospheric Behavior in
Conjugate Hemisphere during the 3 October 2005 Solar Eclipse, Ann.
Geophys., 27: 179-184.

Emetere, M.E., Onyechekwa, L., and Tunji-Olayeni, P., 2017. Effect of
aerosols loading and retention on surface temperature in the DJF
months. 2017 International Conference on Space Science and
Communication: Space Science for Sustainability, lconSpace 2017;
Kuala Lumpur; Malaysia.

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

ISSN: 0378-1844

Akinwumi, S. A., Omotosho, T. V., Usikalu, M. R., Adewusi, M. O.,
and Ometan, O. O. 2016. Atmospheric gases attenuation in West Africa.
2016 IEEE Radio and Antenna Days of the Indian Ocean, RADIO 2016;
Hotel Le RecifSaint-Gilles Les Bains; Reunion.

Akinyemi M. L. 2010. Total ozone as a stratospheric indicator of
climate variability over west africa. International Journal of Physical
Sciences. Volume 5, Issue 5, May 2010, Pages 447-451.

Afraimovich E.L., Kosogorov E.A. and Lesyuta O.S. 2001. lonospheric
Effects of the August 11, 1999 Total Solar Eclipse as Deduced from
European GPS Network Data, Adv. Space Res., 27: 1351-1354.

Afraimovich E. L., Kosogorov E. A. and Lesyuta O.S. 2002. Effects of
the August 11, 1999 Total Solar Eclipse as Deduced from Total Electron
Content Measurements at the GPS Network, Journal of Atmos. Sol.-
Terr. Phys., 64: 1933-1941.

Momani M. A., Baharudin Y., Mohd A. M. A. and Mardina A. 2009.
The lonospheric and Geomagnetic Response to the Total Solar Eclipse
on 1st August 2008 over Northern Hemisphere, Proceedings National
Radio Sci. meeting University of Colorado, January 5-8, 2009.

Abdul Rashid Z.A., Momani M.A., Sumazly S., Mohamad A.M.A.,
Baharudin Y., Grahame F. and Natsuo S. 2006. GPS lonospheric TEC
Measurement during the 23rd November 2003 Total Solar Eclipse at
Scott Base Antarctica, Journal of Atmos. Sol.- Terr. Phys., 68: 1219-
1236.

Espenak F. 2010. Annular Solar Eclipse of 2010 January 15.
http://eclipse.gsfc.nasa.gov/SEmono/ASE2010/ASE2010.html [7
February2010].

A. Paul, T. Das, S. Ray, A. Das, D. Bhowmick, and A. DasGupta, 2011.
Response of the equatorial ionosphere to the total solar eclipse of 22
July 2009 and annular eclipse of 15 January 2010 as observed from a
network of stations situated in the Indian longitude sector. Ann.
Geophys., 29, 1955-1965, 2011 www.ann-geophys.net/29/1955/2011/
doi:10.5194/ange0-29-1955-2011.

307




