CHAPTER 5

CONCLUSIONS

51 INTRODUCTION \d. v

This chapter provides an overall sum % preseq;(-j in this

ute togmodelling,
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the capability of NN to interpolejd extraﬁteﬁ_’s_.]?th @ing TEC data, (iii)
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suggestions that ca&&rther fx\d to im@le this study in future are pointed out
at the end of thw &) | o
(—) 29

QE Solar and magnetic activities are the primary factors that influence the
onospheric TEC variations. In this study, various solar and magnetic indices are

examined to obtain the most pertaining proxies for TEC modelling over Parit Raja,
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Malaysia using a short term data. In terms of solar proxies; sunspot number (SSN),
solar radio flux (F10.7) and solar extreme ultraviolet flux (Si07) with their meaw
several period such as daily values, one solar rotation (27 days) and%\olar
rotations (81 days), are analysed to determine the most influenced ers. Two
types of smoothing schemes; namely centered and backward meafls are used to
smooth the one and three solar rotation periods. In terms agwetic indices, the
three-hourly index (ap) and Disturbance Storm Time ( ale copsidered in this

study. The neural network model is used to determine theNegost a eroxies for

By
ionospheric TEC estimation. These proxies are inclu yn the ifipu ada @ NN
model along with the hour (HR) and day n D% rs Q§e-sent the
diurnal variation and seasonal variation |vely‘ Bow, the @Sazd DN are
considered as the constant input parwlp) in the
determine the optimum input para%, the co ?o o@’oxies which yielded

a N
@ters on TEC variability.

C n@%ling. In order to

the least RMSE is considered

ost_influenged pa
N &

The outcomes of this study [[BWs: %\
Cny J' S

£

prox%l/ith combination periods produced

ith ifio,% period. The combination of daily and

L 9

smaller SB%than

¢ (?
27 ergd copcurge yﬁivej improvement in TEC modelling for all the

N

xiesd R ’day Fé>ans tend to represent as a better index when a
Art term of dataset ( an 2 years) is used in ionospheric TEC estimation.
E he combination of different solar proxies improved the TEC modelling
0 further. The best combination is the daily and 27 day backward means of SSN

and S10.7.
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ii. The combination of solar and magnetic proxies along with the constant

parameters yielded further improvement in ionospheric TEC modellin
daily and 27 backward means of Sip7 and SSN (solar proxies), @'\etic
index), HR and DN (constant parameters) are the best combinaﬁ% enhance
the estimation accuracy. The optimum input parameters for ¢EC estimation

model based NN are as below: V

\%

NN TEC = f(SSN(d +27b), S107(d + 270), aPWONs| DNGIHES, ¢ Re-
N
N
4 X
e

V N
5.1.2 Development of TEC estimation del \d\on ngui@l network

Y 19 ¢

N O
éﬁ NS

In efforts to construct an op T od@f u in@ural network (NN), the
10vle

number of hidden node(s) in

“« Q-
n layerNgJdgentifigdWased on the RMSE results.
N
The optimal number oﬁid& nodes ghat yjel e@east RMSE is summarized as

follows: \" “(‘JQ
O
(,} b hidb§neurons = + 2
L,

&
where: IS number inputa)@'meters in the NN model. Finally, to optimize the

technique

N

.

P ance of the TEC modelling, the most effective training algorithm in the NN
% that can maximize the performance of the NN to estimate the ionospheric TEC

Ojetermined. The Levenberg-Marquardt (LM) training algorithm achieved the fastest

convergence rate, the least RMSE error value with the correlation coefficient more
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than 0.9 during the training process selection. With all the aforementioned criteria, a
feed forward multi-layer network associated with Levenberg - Marquardt (LMYH—
propagation algorithm is implemented to enhance the estimation ac@ The
optimum NN configuration used in this thesis; 9 numbers of nodes i Wgput layer,
11 nodes in a single hidden layer and 1 node represent the ionospfic TEC in the

output layer designated as 9:11:1. The hyperbolic tangent sigﬁwction is used as

an activation function for all layers except in the input lay

interpolation technique. In this neth
the training set period (February ZMpril 2008, &v

N
testing purposes. The NN2 m yS=¢¥sed %r exgpapolat} gfechnique, where in this

network, the March ZOOGV’\eis , e the traj sample (February 2005 -
February 2006). % ; '0’

s &

i. In geneigl th®mod Q&)Iat' apability could be seen more evidently

e 2 G
tha eFtrapofatiqq, spﬁci@ over longer periods of missing data. The
_ 2 N

@D

2ol data is set aside for

del & ed m&% difficulty in extrapolating the TEC values

Aside the input spac@'fng the night time than the daytime. Overall, in the

E\xtrapolation analysis, there is a degradation of performance in NN2 model
0 with increasing of missing value rates. The NN2 model has Crel below than

85% when the missing data are above 60%.
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5.1.3 Investigation on the predictability of TEC using NN to estimate seasonal

TEC and disturbed days TEC \Y~

In order to the access the predictability of TEC using NN more e?k/ely, the
NN2 model is further used to estimate the seasonal and disturbed §lys TEC over
Parit Raja station.. To validate the performance of the develoged m®del, the NN TEC

values are compared with the global model IR1-2007 TE respect to the

corresponding GPS TEC. The overall results show that deve pWodel has
high competence in estimating the TEC variabilit iS regidn. 0\‘/|n e the
findings of this study: \,

A\ °\ g
I. The extrapolation capablllty\ NN2 mo IS @Qher assessed by

estimating the unseen TE es for Von @006; namely March
equinox, June solstice eqwﬁox a ece solstice. Generally, the
NN2 model tends te valu |rIy well than the IRI-2007
model during t% qumo |aI s!olsahl months. The average RMSESs
values of t and s for <‘l'we four seasons are equal to 1.666
and 2.7 ily '@. NN model gives an improvement by

~39,900 0Vpr the IRI- (the performance of the NN model is more

l

ystlce&sons The NN model gives the best TEC
rOX|mat|on during mber solstice with the smallest normalized RMSE

E f ~0.085 and largest Crel of ~90% while the model fails to estimate the TEC
0 values accurately during October equinox with normalized RMSE of ~0.111

and Crel of ~82%.
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Finally, the possibility of the NN2 model to estimate the unseen TEC values
during the impulsive events is examined. The results show that the NN

fails to capture the TEC variability during negative ionospheric@ The
IR1-2007 model generally tends to provide more accurate esﬂ%n results
than the NN model during this period. The Crel of the IRINnhodel is about
ab

~25% higher than NN model. In contrast, the NN mo 0 generalize the

TEC trend more favourably than the IRI model osi"ve ionospheric

0to SWr than the

oy
global model during this period. Compare t ative glor nt)rip}itive
storms experiences in the learning ph S t% del @gneralize
&~
&)
5.1.4 Development of TEC for%ng mog\tm%d Vihybrid SARIMA-NN
model q
N

In this sectior% dy exglore ;a‘r'd@eloped a hybrid model which
\ahb‘ &

combines the Iin@on-liqe ods %&cast the GPS TEC values 3 days or
72 hours ahea& son

¢
(SARIMA) ig USedpto mgdel th

storm effects. The Crel of the NN model is abo

unseen data well during positive io hegTc sta‘n.

grestﬁjé’ integrated moving average integrated
arﬁgr?ponent in the GPS TEC while the residuals
N
obtaine@ f the & Q modé\which assumed to be purely non-linear are
mo@sing neural netwo ). The ionospheric TEC data over a period of 20
@(February 2005 to September 2006) are used for model development to obtain
& ptimal model while three months TEC data (October 2006 to December 2006)

re used for the model verification, forecasting and comparison purposes.
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Using the MATLAB the best fitted SARIMA (3,1,1)(0,2,2),4, model is attained
to forecast linear components of the TEC time series. Then, a three layer feed w
network associated with Levenberg - Marquardt (LM) back-propagation @m 5
used to forecast the residuals (non-linear component) ahead. Nine co ye lagged
inputs as shown below are considered as the best combinatiomprove the

forecasting accuracy and provide the optimum result: Y\ V
8/

NN residual(es71) = fleg-1, et213t3¢

Nd.
g
l .,
where f is the non-linear function determined by eural n;t k ruct@wd e

N
is the hourly lagged residuals. The optimal ar@itect to f é@st the non-

linear component is 9:7:1, where nine md

forecast residuals values and seven, hiddeWn : FiT tf_]&gecast ionospheric
5 N

TEC values are generated by i g N] oreghs vzﬂ@ss yielded by both the

q
models; SARIMA and NN, rN ely. Fo alidz@f«'and comparison purposes,

\
the forecast values of tvel%d hybril S IIYI@model are compared with the
ced

forecast values produ the\j@' al*pddels, SARIMA and NN separately

against the corr@; G@ Th@rall results show that the combined
\
method is abl@ica t%;kc&g‘t{es three days ahead more favourably than
|

either of Q’wid}al odels F(&J-SARIMA and FCAST-NN used separately.

(1]

tput Q depicted the

The oo of this st ya(e a@ﬂows:
S

\

§ The hybrid SARIMA-NN, FCAST-SARIMA and FCAST-NN models tend to

forecast the GPS TEC fairly well during the magnetic quiet condition (10 - 12

October 2006) since there is no drastic fluctuation in the TEC variations
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during this period. Among the forecast models, the hybrid model able to
forecast the GPS TEC 72 hours ahead better than either of the del
models used separately. In terms of average RMSE, the comt%\odel

yielded improvements by ~11.7% and ~24.3% over both thé%e models

SARIMA and NN, respectively. Q

ii. The applicability of the models is further as be orecastlng the

ionospheric TEC during the moderate condition kr««;@ger 2006.
Generally the TEC values produced by the h odel fea bly \n the
GPS TEC than the individual model er orﬁ ft dividual

models degraded and the forecasw rs cre d fo@;vw the single
models as the time horizon be % Q

er.

‘—) &

N

q

iii. The effectiveness of odel are zlg-mvestigated during the
disturbed conditio | |s m -1 cember 2006. The hybrid
SARIMA-NN ST- S IM od@'tend to forecast the GPS TEC
fairly well e storn] cont he FCAST-NN able to forecast the
GPS T a rate pr d post-storm days. During disturbed

e p ce t ﬁp(oy ments of the hybrid model over FCAST-

/

NN erm of average RMSE are ~13.4% and ~26.1%,

ectlvely This sho e hybrld model tend to forecast the TEC dynamics

E head more accurately during the disturbed conditions than the other
0 individual models. However, the overall Crel results indicate that the
performance of all the three forecast models deteriorated during disturbed

condition compared during the quiet and moderate conditions.
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5.2 FUTURE WORKS

In this study, a data driven NN model is developed to estimate t@FEC

and a hybrid SARIMA-NN model is designed to forecast the GPS TE* over the
Parit Raja station. Both the methods seem to be adequate and able to $@pture the TEC

Me), which only

has'as for both the

variations correctly. This may be due to the study period (2

covered the medium solar activity in the training and

developed models. However, it must be acknowledged t eu geko&gﬂt'duration
data in the models may limit the validation of the during | rtl @solar

activity since the NNs in the developed mode able 16 tside the

input space for a longer period of time. TRggefQe®, t

ionospheric TEC estimation and fo&@models 0
longer data period at least for one s%/cle (~1§Mis equl d.

]

N
% “ &
\ &
Furthermore, in th% bcI e elo@odels were restricted for a

single station. Since f% Ks ha:/‘ bee g‘o'neémerning on the TEC estimation

and forecasting in:&\l\/lalayii , fut&lwork should include more stations

within Malaysi rehe §€ representative TEC model that is able

¢
to provide i %\tot T arﬁti@j t any point within Malaysia.
I >
& v <>
Y'

addition, the promi@hput-output pairing would ensure the success of the

@g process in NN. The inability of the developed NN model to extrapolate

Q ide the input space especially during night time may attribute to the lack of input
a

rameter(s) to represent the TEC variations during these hours. The existing input

parameters; the solar and magnetic proxies were unable to determine the TEC
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variations during the recombination process in the night time. The number of electron
contents during night hours is not associated with the ionisation due to thw
radiations. It may relate to other sources which highly influence the nigh \f the
TEC variations at this region. Besides, the developed model did no‘f‘& accurate
results during equinox months. The TEC values varied significaly during the
hancements or

equinox months and there are a few mechanisms that affegt the

depletions of electrons during equinoxes in this region. T char'ism parameters

Ther| fwure, the
i

inclusion of other significant geophysical parametdkS the N d@l@/hich

determine the TEC variations is important nc% |ctabj@y- on the
&~
In the hybrid SARIMA-NIGjieI, o@h&h gﬁ?(!r period dataset and
N

more stations, the inclusion of%put 'a‘ram regin ybrid NN model should
x orgcas

were not considered in the NN modelling at this le

developed NN model.

e

t& rors, especially during the

be a key priority in futur reduce

disturbed conditions. q&:m, oLer i pu& eters such as the first, second
' &
and relative differe of the le valueﬁmld be considered in the hybrid NN
forecast model.@he Y of @"and magnetic indices in the hybrid NN
forecast m@oa th'

NIGR;
Astly, taken into ac@f the potential space weather threats such as the
@ric and geomagnetic storms as well as the natural hazards e.g. pre-seismic
3 pre tsunami, in future this forecast work can be expanded further to detect the

onospheric anomalies in advance to reduce the impacts on the technical and ground

r(th Investigate in the future.

based infrastructures which rely on space-based communication and technologies.



