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Dailysprogramsfolfslidingsacuyiticsrarehased on 1]
llightareasvertical velocCitys aitemperatice; wetnessavesetation coyers daily,
heanngaEate;  ncommgasolaasradiation: s sunshmesduationsmstability
conditionrandsheatilnxesthaveakeyrole on predicuon olftlishvlensulis:

Artilicial neural networks aAre systemsroloweishit: vectorss whose
component valuesyare s established Sthrought S variouss Smachine=learning
algorichms; whichitakerashinput a linearset oif pattern imputs: and produce as
output as numerical pattern representing: theactual output: ANNS Smimic
somewhat the learning process oi- as human: bxain. Insteadr ol complexs rules
and mathematical' routinesf ANINSs axe able to learn key mlormation patterns
within' a5 multi=information domain. " ANNS have been used n - many

such as' in control systems, in classification,, and in
modeling complex: process transtormations. The advantages ofi ANN
compared to classicall methods are to learn
from examples, (Sixdas, S. and A. D. Sahin,Tokgozlu, A., A. Sencan and Z.
Aslan - Tulunay, E., T. Senalp, Y. Tulunay and Z. Aslan ). In the last decade,
some works about the use of ANN in solar data have been published, (Chouai,
A..S. Laugier., and D. Richon - Bechtler, H., M.W.Browne, P.K. Bansal., and
V. Kecman - Pacheco-Vega, A., M. Sen, K. T. Yang., and R. I.. Mc. Clain).
This technique can be used .

The main aim of this study is to analyze
and climate changing
effects on soaring conditions in Turkey .
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Themamstrammgrandiexperence tlighisiolsslidingsschiopl arerorsanized un
CenvealBAnatoliasandSViediterraneans Region i rurkeys (s ) i Ko this
reason twor studysareass and representatiye data Setsirecorded s uns two
climatologicalts s Stations: 5 Centrals S Anmatoeliaand 5
MiediterraneantRegion) are consideredin thisipaper:

Hskasehir (395305 Ns 30531 S h=s00m aboye msl)

Isparta (37546 N, 305351, hi=997m above msl)
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Vionthlysand'seasonaliaveragesiol-an: temperature (10):
Incoming solarradiation (SR);

Sunshine durxation (SI)

between

Re-analyzed data is also analyzed for the interval between
, (New., M.G., Hulme, M., and Jones, P.D:; New., M.G.,
Hulme, M., and Jones, P.D).

climate scenarios of air temperature values for and
seasonal variations of  North Atlantic Oscillations are
interpreted together with temporal and spatial variations of data.
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Statisucal analysesroistemporal ands spatalsvarations ol varables
areranalyzed by usmg, PACKCH Programs:
vool o ANN analysesare used torsimulaiesmetcorologicalidaias

he indicates; how: far and" m" what dixection that variable
deviates from its distribution®smean, expressed i units offits distributionss
standard’ deviation. The Z-score method used isi simply the' standardization
of'a given monthly or seasonal value ot the given parameter:s time series X,
such as' X, X0, ... X . The standardized' monthly air Temperature

seasonal average of sun radiation and sunshine duration (SSID) series,
X; iS defined as;
Z-score = x; = (Xi- X)/S, )

The standard score, or Z-score, is the number of standard deviations

that a given value x is above or below the mean, (TRIOLA, M. F ). Z-scores
are analyzed to define monthly and seasonal trends of variables.

Presented at the X00¢, OSTIV Congress, Szeged, Hungary, 28 July-04 August 2010 .




Artiticials neurals networkss difier fxom: the
approaches in' that they are traimed to) learn solutions' rather: than being
programmed tormodel a specilic problem in the normal way.

They are usually used to address problems that are 1o solve
with traditional methods.

They can learn from examples, are fault tolerant in the sense that they

are able , are able to deal with non-
linear problems, and once trained can perform predictions at very high
speed.
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Neuralsnetworksrares composcdtoissimple
clementsroperanngn-parallel; (Mg 2Ea);
dFhese elementsyare mspired by

ASHINE natures S the netywork
lunctions st determined sl arselys by ilic
connecuions: “between' elements: AT neural
networkecanrbetrained tor periorme 4 particulax
function by adjusting * the values: ol the

between: the elements:

mﬂnﬁﬁmmm i Commonly ncural’ networks: are
(called weights) J S0 that' a particular input: leads tor a
befween neurons (A specific target output. Here, the network: is
el adjusted, based on a comparison of the output
and the target, until the network output
matches the target. Typically many such
are used a
network. Batch training of' a network proceeds
by making weight and bias changes based on an
_ _ entire set (batch) of input vectors. Incremental
Figure 2- Basic structure(a) training changes the weights and biases of a
network as needed after presentation of each
individual input vector. Incremental training is
sometimes referred to as “on line” or
“adaptive” training,(Tulunay, E., T. Senalp, Y.
Tulunay and Z. Aslan - Fu, .M. - Tsoukalas,
IL.H., and R. E. Uhrig ).
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where:

p; ¢ j* input to the Neural Network,

0; :i'output of the |"Iayer,

b, i neuron’s bias of the ™ Iayer,

W';: weight from neuron j of the -1 layer to neuron iin the I™ layer,

fi, : nonlinearity or activation function or the transfer function of the |™
layer,

X;; : sum of the weighted inputs or net output of neuron i of ™ layer,

K : Number of neurons in layer |,

M : Number of neurons in layer |-1
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Artificial Neural Network, Basic Structure and Properties

INnput Hidden Layer Qutput Layer
N

Figure 2- Properties of ANN (b)
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TFhere are that cantberapplicd tortEin
a-neuralsnetworke fhermost populas ol them st stherbackepropagation

algoritiime: IS gradient descent algorithime:
The bestalgomthmuistusuallys chiosent by Hox shestraiming
ol the ANNE iced lorward backspropagation

algorthm andlog=sig activation function was uscd:

In feed forward algorithm, the units are arranged as layers and
ol a unit' are transported to) the next layer as inputs; over the
weights. The input layer transporits) the data with no' change to units of
hidden layers. Data processing is performed in hidden and output layer
forming the network output. With this structure feed forward networks
carry out a non-linear’ static function. Feed forward ANNS are trained
with back propagation algorithm, (Lin, C.T., and' C.S.G. Lee ).

This paper contains some information on
seasonal variations of sunshine duration, solar radiation and air
temperature values.
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Slishtlyancreasingstrendsthayverbeentobserved imrannual varations ol
Al valueshin o (g S)Annualitrend ol

temperatures varation s Eskischiussapproxamatelys equalstor the trend

value observedantispartasincreasing aiptemperature valuestare associated

withhincreasimmgiimsulation and soiltemperatures whichHhave been
m avmospheric boundary layer:

0,01x - 9,284 y = 0,0101x - 8,4955
= , X - s
y R? = 0177 R%=0,1729

Eskisehir

Figure 3- Annual variation of air temperature in Eskisehir (a) and in Isparta (1975-2009)
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yo

Annuals vasrations: o values o each
seasonsybetween 1975 and 20095 are s shown i Higs 42 n
seneral; havesbeen observedanslskasehi

andiSpartainirecent yearss.

Eckige hir

oA

M

Bolar Radiaf o
Salar Badiatian

2300

a b

Figure 4- Seasonal Variation of Solar Radiation (cal/cm?2)
in Eskisehir (a) and in Isparta (b)
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s =
Hisures SH@)rand (b)) shopy annualvariaton oi: .. -
(meEasure: ol position) ol b liskaschnrsandslSparta
betweent Yy stand 20008 nrsencrallmear trendsfareroppositerwith =
each otherintwor stationss THheres i decreasimg  trend s solar

radiation i iskaselir:

[

(=] —
Lin i

oy
L

Salar Fadiaten (Z-Score |
Solar Ra diation (Zscom |

L
i

Figure 5- Annual Z-score Variation of Solar Radiation (cal/cm?)
in Eskisehir (a) and in Isparta
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o« E_—

lisures o) showsHannualSvarations ol in
study areasi S iemporal varnationsiarevery similarin Spring

and Summer i both Stations:

Eskisehir
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Figure 6- Annual Variation of Sunshine Duration (hr)
in Eskisehir (a) and in Isparta (b)
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Eskigehir y = 0,043x - 85,137 y = 0,0236x - 46,543
R? = 0,1939 R? = 0,0968
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Figure 7- Annual Z-Score Variations of Sunshine Duration (hr)
in Eskisehir (a) and in Isparta (b)

e

=
- e

of sunshine
duration in Eskisehir is higher than the same values

observed in Isparta, (Fig. 7). -
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Eskisehir
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Figure 8- Scattering Diagram of Solar Radiation (cal/cm2) and Sunshine
Duration (hr) in Eskisehir (a) and in Isparta (b)

The negative linear relation between solar radiation and sunshine duration
values in Eskisehir is very interesting. The reason of the negative relation
between solar radiation and sunshine duration recorded in Eskisehir would be
associated with (such as water vapor)
and other local factors. This relation should be analyzed in detail, (Fig. 8).
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The (NAO) is a climatic phenomenon in the North
Atlantic Ocean of fluctuations in the difference of atmospheric pressure at sea level
between the Iceland low and the Azores High. it controls the strength and direction
of westerly winds and storm tracks across the North Atlantic, (Tokgozli, A., and
Z.. Aslan, ).

Moving average simulation of NAO values is shown in Figure 9. Moving
average smoothing is with values (lag =5 years) of NAO indices. In
recent year negative NAO values have been observed.
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Figure 10 (a) and (b) presents between
in Eskisehir and Isparta. (positive) NAO values

are accompanied by annual average air temperature values.

y = -0,4318x + 10,376
R? = 0,0582

NAO ESK Temp

NAOISPT y = -0,6014x + 11,3
R? = 0,0682

Figure 10- Linear relation between NAO and air temperature values In
Eskisehir (a) and in Isparta (b)
relations between NAO and solar radiation have been observed in
spring, summer and winter. There is a between two variables
in autumn. By considering the periodicity of NAO fluctuations, higher
temperature values have been expected at two study areas in following years.
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TheslntergoyvernmentalsPanelSons Climate Change Houxth

ASsessment Repoxt ares examineds o the topr ol atmosphere
radiationrchanges asfcarbon dioxade and osher grecnhouse gasest buildiup
Irom950 o 2100 Thereus an In

Wihiler there ish a large increase i ther greenhouse efiect from
increasing greenhouse gasesiand water vapor: (2s'a feedbacky), this is;ofiset
10 a2 large degree by a decreasing greenhouse: effect from

from higher temperatures,
(Trenberth, K. H., and J. 10 Fasullo - Caglax, N., A. Tokgozlu and' Z.
Aslan, Application off Wayvelet ini Analyses of Solar Radiation and Solar
Inergy Potential' ).
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ESKISEHIR (T, 1901-2026) ISPARTA (T, 1901-20026)
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Figure 11- Climate scenarios for air temperature values
in Eskisehir (a) and Isparta (b).

Figures 11 (a) and (b) show some on air

values in Isparta for four different (A2) scenarios. The estimated air

temperature values are than current values. Average Annual Air

Temperature changes present under A2 Scenarios

in two study areas. Correspondingly, it is estimated that incoming solar radiation
and sunshine duration would be increased in following decade.
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methodswaspapplicd S to (SR)

and (Sh)ivaluesfinsstudy areas: Horecast oiitwor variables
using VMIATIPAwWas made :
Scatter diagrams ofithe solarradiiation valuesiin

two) stations’ are shownhin Hiiguress 12 arand b: Hitted line has slopes; close to
passimg throughithe origin.

Eskisehir, Solar Radiation (callcm2)

ISPARTA, Solar Radiation (SR, cal/cm2)

y = 0,9746x + 45,009
R? = 0,8903

One Month ahead Forecast SR
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Figure 12- Scatter Diagrams of the Forecast and Observed Solar Radiation
Values with the Linear Fit Line in Eskisehir (a) and Isparta (b)
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Eskisehir, Sunshine Duration (SD, hr) Isparta, Sunshine Duration (SD, hr)

y = 0,9253x + 0,4576
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Figure 13- Scatter Diagrams of the Forecast and Observed Sunshine
Duration Values with the Linear Fit Line in Eskisehir (a) and Isparta (b).

Figures 13 (a) and (b) presents versus
observed values with linear fit line.

There is a sufficient evidence of all relations with the confidence
level a = 0,05.
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IPongrtermidatan(195052006) between annu:l
AVerage Al and yamationshine studys areas mcereasmg
positives NAO N valuesh corresponds tor decreasingsvaluespins generals Hhese
resultst suggest thestollowing: eliects: onsoarng conditions oyer ther study
arcas By assumimg; the: NAO values continue tordecreasenn thenext decade

it wall*be resultmg with the values:
These trendsiwill'be associated with Organizations:

Incoming and relations’ are In Spring,
summer’ and winter. There is a relation between two parameters
in

In the following decade hence decreasing values of NAO indexes are
estimated, these trends would be accompanied by the of
but an increasing trend in
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Accordimg o theresulish ol the 5 hEre asEa

linearelationsbhetween i
Mediterraneany(Isparta)fand Central P Anatolian(iiskisehi)fareasiun sprang
andswinters I thisprelation s I the

tollowing decade hence decreasing valuesolt NAONndexes are estmated,
theser trendsswould be accompanieds by,

In this' paper; ANN st successiully: applied to’ determine solax
radiation and sunshine duration values' in Isparta, Eskisehir and near
vicinity. The for the predicted solar radiation and' sunshine
duration is greater than 0,89 which: shows the ol this
relation with: o = 0,05. The ANN model learned the  shape of the
inherent nonlinearities and the system reached the correct operating
point. Errors reported when using these models are welll within
acceptable limits which clearly suggest that can be used

in this field.
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Thermo dynamic structure and are very

complex in the earth atmosphere and surface conditions. For this reason

of the earth surface by solar radiation is related to

meteorological processes in many different scales. Liquid water content

of clouds decreased with increasing temperature, suggesting that

global warming may be related to the decrease of LWC within the clouds to

some degree, (Sirdas, S. and A. D. Sahin ). For the at two study
areas the similar situation (decreasing ratio of LWC),

would be estimated in soaring period.

of the surface is important than temperature

variation, (Sigrist, B.). Temperature increase is too wide spread because of
some little variation of cumulative irradiance. Sigrist analyzed thermal maps
based on irradiation and temperature. There are some surface factors
. Surface temperature is a better indicator than

irradiance. Temperature increases are equal to the difference from
cumulative irradiance to radiation losses. Local irradiation primarily

depends on the (geographic position, date and hour) and the
atmosphere ( ). Sigrist analyzed radar data by
interpreting topographic and elevation maps together. Similarly, in the
present paper, a variations is

observed in Eskisehir and near vicinity.
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Byrapplyingsmoxe statisticalianalysess shiermal indexs(StEengthh ol
thermails) cansberconstauctedron therbasiss ol anthmeticraverase and
standardideyviation varations olfsunsinne durationsand 2
temperaturesSolarmirradiation andssunshine duration ranges: cant be
determmediioreachistudy areas:

By applying method obseryved and! the one month advance
loxrecast values ofisolar radiation and sunshine duration are compared.
Solar radiation and sunshine duration can be modeled by, data driven
approaches such as Neural Networks:.

The higher values of maximum air temperature observations are
g00d indicators of trigging and organization of thermals, (Tokgozlu, A.
and Z. Aslan ). Higher trigger temperatures are associated with hlgher
convective layers and organization of in
the atmospheric boundary layer.

At the end of this study, future scenarios and temporal variation of
variables which play an important role on thermalling have been
analyzed: simulation and tele-connections of these variations
with were discussed.
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herdetanedipiormation e the mtensiyfeh selafRadignentata given

EgienSHImpertantstoranaly/Zesvadation ol ger e cigle
DHISI PapER presents seme applicatieonsiol statistical
medels and  artfcial™ neurall RetwWerks Lo defimer onset and

erganizatienhel thermals: ANNSRaSTeenr Used iR the field el diRy/ andiwert
convecHen fer moedelingand predicten” el faverapler thermal conditiens
o selected regieons: and I uGkey. Cengl term moenithly,
seasenal and anpuzl (Al tempPErature;
selar radiatien and suRshing duratien) haverveen, used: By considenrnng
prediction ol these variables fer the! year of
has) been analyzed. Int ANNEmoedel,, multiple hidden architectures
have been used. Errers reported when; using these medels are wellwithnm
whieh clearly: suggest: that ANNS can be used! for
modeling off actual soelar radiation values based em moenthly and seasonal
average solar radiation values 1 this field. TThe higher values of air
temperature observations are good Indicators of trigging and
organizationi ofi thermals. Higher trigger temperatures are associated
withi higher convective layers and organization of favorable dry or wet
thermals in the atmospheric boundary layer. At the end of this study,
future scenaries and temporal variation of variables which play an
Important role on have been analyzed and, tele-connections of
these variations with were discussed. The favorable gliding
conditions are available In late spring, summer and early autumn In
Turkey. The period of gliding activities at study areas would Increase
under A2 Climate Changing Scenarios.

Solar Radiation, Ailr Temperature, ANN, NAO, Thermalling,
Climate Changing.
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