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Introduction to the thesis

A study of the relationship between the critica
frequency of the F2-layer of the ionosphere and

the GPS Total Electron Content in the equatoria
anomaly region
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lonosphere of the Earth

oy

Ionosphere

Upper ionized region of the atmosphere known
as lonosphere (from 60—800km approx.) acts as
a mirror for High Frequency Radio Waves

(3-30 MHz) so that Long Range Communication
becomes possible.
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From “lonospheric Radio”, K. Davies.
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Critical Frequencies

The highest vertically propagated frequency that can be reflected by
specific regions (or layers) of the ionosphere.

Reflected = fully refracted back to the Earth’s surface

- foE
- foEs
- foF1

- foF2



lonospheric Anomalies

* Unusual behaviour of an ionospheric layer
which does not obey the Chapman’s Theory is
called an ionospheric anomaly.

* The E and F1 layers generally show a regular
solar controlled behaviour.

* The F2-layer shows unusual characteristics as
compared to the E and F1 layers.

* Some important F2-region anomalies are:

- Equatorial or Geomagnetic Anomaly



Equatorial lonization Anomaly (EIA)
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Sources of Error in GPS

P

Clock Error

Differences between satellite
clock and receiver clock

lonosphere Delays

Delay of GPS signals as they pass
through the layer of charged ions and
free electrons known as the

ionosphere.

Multipath Error

Caused by local reflections of
the GPS signal that mix with _J
the desired signal Iy




Total Electron Content

* Total number of electrons present between
two points in a column of unit area.

* |t is expressed in electron per square metre.

- 1 TECU is defined as the number of electrons

in a 1m2 column, which is equal to 1016
electrons

* GPS TEC is evaluated due to the ionospheric
delay in signal as mentioned in the previous
slide



Relation between TEC and foF2

* Both TEC and foF2 exhibit significant variations
in both space and time

* The perturbations in TEC are similar to foF2
variations

* TEC can be obtained (mathematically) as the
product of thickness of the ionosphere
multiplied by the maximum electron density
(of F2-layer)



Research Objectives

* To study the relation between the total
electron content (TEC) derived from a Global
Positioning System (GPS) receiver and the
critical frequency of the F2-layer of the
ionosphere.

* To devise a method to use GPS TEC as a proxy
of foF2 so that a simpler GPS receiver can
replace an ionosonde at the location under
study (Vanimo, Papua New Guinea). This
lonosonde must soon be closed down.



lonospheric Models

lonospheric models play a vital role in
understanding ionospheric phenomena and
forecasting the space weather. They fall in

these categories:
- Empirical models
- Physical models

- Semi-empirical models



lonospheric Models used in the
study

International Reference lonosphere — IRl

“ISO/TS 16457:2009 Space systems -- Space environment
(natural and artificial) -- The Earth's ionosphere model:
international reference ionosphere (IRI) model and
extensions to the plasmasphere”

Electron density profiler — NeQuick

Both models use coefficients produced by
International Telecommunication Union Radio-
communication — ITU-R



Methods and their results

* Direct correlation between the observed data

sets

- lonosonde foF2

- GPS TEC
* Comparison with model values

* Climatological model of thickness and reserve
calculation



Stations under study

Station name Geographical Geographical Geomagnetic Dip
latitude (°) longitude (°) latitude () (%)
Vanimo -2.7 141.3 -12.6 -21.6
Canberra -35.32 149 -44.0 -66.1
Darwin -12.45 130.95 -23.2 -44.5
Okinawa 26.68 128.15 17.0 37.7

Geographical coordinates and geomagnetic latitudes and Dips of stations where data was acquired

Geographical coordinates, geomagnetic latitudes and Dips of stations where data were acquired




S N b Days | SSN | Maximum | Days [ SSN | Maximum
unspot Number . .
°
and Kp index E [
Sunspot number (SSN) = model input N
3 15 2 19 22 3
4 13 1 20 15 3
5 12 1 21 12 3
6 10 1 22 10 4
7 9 5 23 10 6
8 7 4 24 2 6
9 12 2 25 0 4
10 15 2 26 0 4
11 16 1 27 1 3
12 16 1 28 2 3
13 14 2 29 7 2
14 21 2 30 6 2
15 19 2 31 1 3
16 23 2




Direct correlation between
observations for Vanimo

& GPS TEC (TECU) >
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Direct correlation between
observations for Okinawa

& GPS TEC (TECU) >
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Direct Correlation Between TEC &
foF2




Comparison of GPS and model TEC
over Vanimo (1-5 May 2007)



Comparison of ionosonde and
model foF2 over Vanimo (1-5 May

foF2 (MHz)



NeQuick Iteration Process

( start |

R12, time,
— location,GPS TEC,
lono foF2

NeQuick Model

Model TEC &
foF2

R

delta TEC= ABS(GPS
TEC - model TEC)

print foF2 as
'hopeful’

End

delta TEC <= 0.05GPS TEC

Model TEC > GPS TEC

foF2=foF2+0.1

foF2=foF2-0.1

create and share your own diagrams at gliffy.com

L gliffy



< lonosonde foF2 (MHz) >

Correlation between ionosonde foF2 and model

driven ‘hopeful foF2’ for Vanimo
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Direct Correlation and Iteration

Vanimo

Good points decreased to 57%



Climatological Thickness Model

The relation between TEC and foF2 is mathematically given as
T =TEC/ NmF2
NmF2 (in elec-m-3) = 1.24x1010x(foF2)2
foF2 (the critical frequency of F2 layer) is in MHz
TECis in elec-m-2

With all above we get T in meter



Data Analysis
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Madrigal TEC on a quiet day in
solar minimum year at local noon
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Importance of Okinawa

Okinawa
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crest of Equatorial
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Method

For every month 5 quiet days (QD) were selected (approx),

with 115 QD in all.

Hourly values of foF2 were obtained

Madrigal TEC was averaged over a latitude range of 24° to
28° with a longitude range from 95° to 105° to focus

Okinawa at the centre latitude

Both foF2 and TEC were averaged for each month to get

monthly values at local midnight and noon.



Flow diagram

(1/2)
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foF2 (MHz)

Noon foF2 at Okinawa




Midnight foF2 at Okinawa

foF2 (MHXx)




TEC (TECU)

Noon TEC over Okinawa




Midnight TEC over Okinawa

TEC (TECU)
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Bringing NeQuick in the picture

NeQuick was used to derive model TEC by substituting the

sunspot numbers, time and location of Okiwana
It also gives the foF2 for every corresponding TEC value

foF2 was estimated using the relation T = TEC/ NmF2 such

that
TEC(obs)/TEC(NeQuick)=foF2(est)/foF2(mod)

foF2(est) = (TEC(obs)/TEC(NeQuick) * foF2(mod)



lonosonde & estimated foF2 at
Okinawa & Vanimo during 2001 at

foF2 (MHz)




lonosonde & estimated foF2 at
Okinawa & Vanimo during 2001 at

foF2 (MHz)



lonosonde & estimated foF2 at
Okinawa & Vanimo during 2008 at

foF2 (MHz)




lonosonde & estimated foF2 at
Okinawa & Vanimo during 2008 at
midnight

foF2 (MHz)



Result (Thickness Model) (1/2)

Seasonal variations in daytime foF2 and TEC show the
semi-annual periodicity, with maxima at equinox, and
minima at summer. This is related to change in

temperature and composition of ions.

Midnight seasonal variations are not periodic, especially

for TEC.

The charts exhibit the winter and equatorial anomaly

for both foF2 and TEC.



Result (Thickness Model) (2/2)

The Madrigal dataset for some months is
underestimated by the model which resulted in large

discrepancy between estimated and observed foF2

values

More efforts are needed to concentrate on the data

collection exactly at the location of station under study.



Conclusion

- The idea of using GPS TEC as a proxy of foF2 worked for more
than half of the available dataset only.

- NeQuick was given preference over IRl due to its coverage.

- The ionospheric stations under study did not show major
deviations from the model due to usual or routine behaviour
of ionosphere, but the equatorial anomaly station Vanimo
showed higher values of foF2 .



Recommendation

* On the basis of outcome of the current study
it is suggested that a large dataset of GPS TEC
received over the equatorial anomaly station
shall be used to verify and construct a suitable
model as desired.

Improvements in the thickness model are also
recommended.



My supervisor and co-supervisor

le Edit View History Bookmarks Tools Help

~ & 0 ik [[8]httpsmww.phys.unsw.edu.a _FELLOWS&PR. g-html ~ [#8~ |dr robert | stening @)
Most Visited > §ICTP: § Library § Computer Services § Diploma website { Diploma Lectures § webmail § Announcements
§ CDSAGENDA V5 Workshop ... ¢ |[8) Visiting Staff at Physics UNS... 3¢ | 4 <

| | search |

(S WHRTTENR RN

SCHOOL OF PHYSICS

About us High School Physics Future Students Current Students

SW |Facu[ty of Science

& Events

u staff directory

macademic

a research )
3 Robert J. Stening

emeritus

a visiting MSc Syd., PhD Qld., DipTertEd H.E. ThC (Moore Coll) FAIP

Aadunct: g Associate Professar

u general

Department and Research Groups

Environmental and Applied Physics

Ienospheric Physics

Research Interests
Throughout my research career I have heen studying the electric currents in the ionosphere

These are generated at around 110 km altitude when winds blow the ionized atmosphere at these heights across the Earth's magnetic field,
generating emfs. The currents are observed as small magnetic changes on magnetometers at ground-based magnetic observatories all around

the worl

Ultimately 1 would like to be able to infer from the magnetic variations what the winds are doing, which should, in turn, tell us something about
the general state of the upper atmosphere. We use computer models to tell us what magnetic variations are produced by different expected
wind systems. | his procedure is complicated by the existence of Hall currents and currents flowing along magnetic field lines from o
hemisphere to the other [

O parlicular inlerest has been Uhe lunar lidal variations in this region of the slmosphere. T have studied these both by analysing dala and by

using the computer model to simulate the observations.
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