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Usability of Tropospheric Anomalies in Earthquake
Prediction: 23.10.2011-13: 41 Mw = 7.2 Van Earthquake
Example

Ahmet Yiicel I"Jriisan1

Istanbul Geligim University, Faculty of Engineering and Architecture,
Department of Civil Engineering, Avcilar, Istanbul-Turkey
E-mail: ayurusan@gelisim.edu.tr

1. Introduction

Van earthquake with magnitude 7.2 Mw took place on October 23, 2011
in Turkey. An unusual earthquake that caused reverse faulting was not on
any existing faults lines. This was figured out because surface deformation
maps and vector solutions obtained from geodetic techniques using
Interferometric Synthetic Aperture Radar (INSAR) and Global Positioning
System (GPS) data were consistent with field studies. GPS observations have
provided meaningful and absolute results on tropospheric and ionospheric
interactions due to shell deformation before earthquakes. In this study,
Tropospheric changes were investigated by using Total Zenith Delay (TZD)
from the GPS measurements in the area where the epicentre of the
earthquake was located. The first finding was the tropospheric anomalies of
the Zenith Hydrostatic Delay (ZHD), which increased before the main shock
and decreased afterwards. These changes were supported with the seismic
data, meteorological measurements of pressure, temperature and moisture
based on vertical seismic waves and atmospheric surface observations.
Thus, before the earthquake and at the time of the earthquake, Tropospheric
distribution showed both the energy wave propagating from the ground
towards the upper atmosphere and the matching effect of acoustic coupling
between the earth and the atmosphere.

The Van earthquake struck at a geographical location of 38.7578 Latitude
and 43.3602 Longitude at 13:41 local time (11:41 UTC) on 23 October 2011
with a magnitude of 7.2 Mw. It is observed that earthquake mechanism in
general consisted reverse fault and overlay solutions (These data were
obtained from the Republic of Turkey Prime Ministry Disaster & Emergency
Management Authority (AFAD)) [Kaynak 2011],[ Urusan 2014]. The
earthquake unusually appeared along the previously unknown fault line
between Van and Ercek lakes. The field studies and the results obtained in
geodetic applications matched each other about the location of the fault line,
[Urusan 2014]. The earthquake has affected an area with a diameter of 200
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km and killed 644 people. More than 10,000 buildings damaged with 5,500
of them were heavily.

Local geodetic measurements can provide more information about
kinematic breaks and the extent of similar continental movement. According
to the results of GPS observations, it is observed that the terrestrial
movement increases when approaching to the earthquake epicenter. For
example, the Muradiye station (MURA), which is closest to the earthquake's
epicenter, shifted 5.8 cm to the South along the North-South direction (GNSS
data are obtained from the General Directorate of Land Registry and Cadastre
(GDLRC)) [Urusan 2014].

It is known that the GPS signals propagating through the atmosphere from
satellites towards the ground stations are subjected to diffraction by the
ionosphere and the troposphere. Atmospheric delay anomalies can be used
for obtaining information about the atmospheric composition or air waves.
Furthermore, the suspended particle motion in the air can provide the
information about the acoustic wave propagation. Various studies reveal pre-
seismic and co-seismic ionospheric and tropospheric anomalies caused by the
acoustic interaction of earth and it’s atmosphere. [Ducic 2003]

2. Theory

Sayfa diizen SiO, (Silicon di Oxide) crystals in the rocks are stretched,
compressed and twisted (i.e. deformed) when the earthquake approaches.
Their atoms' sputter electrons in large quantities from their outer orbits
towards outside, [Freund et al. 2006]. This phenomenon is identified as
piezoelectric effect. If rock masses containing SiO, composed of quartz;
tridymite, cristobalite and stishovite crystals are bent and deformed,
[Gomberg 1991],[Johnston 1997]. This mechanical energy applied on the
rock is transferred to the phonon energy of the rock (i.e, the lattice energy
that fixes the positions of the atoms in solid bodies). In other words, the
phonon frequency (lattice vibration frequency) is increased and the rock is
suddenly heated. In pre-seismic and co-seismic periods of the earthquakes,
piezoelectric and piezomagnetic effects caused by these earthquakes are
observed in ionosphere and troposphere [Ouzounov 2015].

At physical level, the bond energies of the electrons in the 2d diffuse orbit
of the silicon atoms are very low even at temperatures around 0 °© C. When
the rising phonon energies are transferred to these orbital electrons, at least
one electron per atom from 2d to the outside of the atomic conductivity band
is emitted. This is due to the phonon energy, which is considered to be higher
than the electronic link energy [Freund et al. 2006]. This is called
piezoelectric phenomenon. When this phenomenon occurs at billions of
atoms, the enormous accumulation of electrostatic charge will directly or

14
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indirectly interact with the ionosphere [Komjathy 1997],[ Freund et al. 2006].
As a result of injected electrons in troposphere broken off from their orbits,
the earth will be charged in positive direction due to the positive holes
formed in the silicon atoms. Piezoelectric effect can not be tracked on a
positively charged earth but can be seen in ionosphere in the form of a clear
anomaly image. Because this effect creates a chaotic process on earth such as
thunder, lightning, earthquake lights and fireballs, [Kaynak 2006].

The piezomagnetic effect takes place in less severe than the piezoelectric
effect. In this case, the magnetic minerals in the rocks, undergoing
deformation, produce a new, secondary, and low-intensity magnetic anomaly
(parasitic field). The atomic nuclei’s of ferromagnetic and antiferromagnetic
elements such as iron, titanium and cobalt, which are spherically symmetrical
while above Curi¢ and Neél temperatures, are either shortened along the axis
of magnetization to form a tangentially shaped oblate spheroid, or extended
to take the shape of prolate spheroid. In both cases, the atom produces a
bipolar magnetic moment with disturbed neutralization and in return
produces a magnetic field with a plus or minus sign at a very low magnitude.
Because the core internal magnetic field at these atoms will be nonzero this is
identified as piezomagnetic effect, This piezomagnetic effect has also
interaction with ionosphere, [Kaynak 1994].

The new piezomagnetic anomaly, which consists of rock tensions and
deformations, is set on these fossil magnetic fields (Natural Remanent
Magnetization), since ferromagnetic minerals store these deformations and
their fossilized magnetic fields for billions of years. In the meantime, the
electric field gradient of the atomic nucleus also changes due to the atomic
gains of an electric quadrupole moment. Thus, when billions of tons of quartz
crystals in a fault zone are bent and twisted, a large amount of electrons can
be estimated to come out into the ionosphere. This is seen in the form of
lights on earth.

In short, when the rock tensions in the earthquake fault zones under
tension are increased to unbearable levels, or when the rock is subjected to a
short-term yield stress and tends to approach the break tension, an
electrostatic energy release is occurred. Hence these two different kinds of
energies interact easily with ions and electrons under or over the fault zones.
This situation is observed by GPS data in Troposphere as changes in
pressure, humidity, and temperature and change in total electron content
(TEC) in Ionosphere [Uriisan 2019].

Surveys have shown that a 1 mm displacement at ground level is caused
by an oscillation of more than 100 m amplitude at a height of 150 km. In
Denali,2002, Alaska earthquake, (7.9 Mw), a non-repetitive acoustic wave
front is seen to propagate towards the ionosphere [Ducic 2003]. The use of
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the Continuously Operating Reference Station (CORS) network has
permitted to observe the wave propagation and assisted to separate the small
TEC signals from large TEC signals associated with daily ionosphere
changes [Gizawy 2003], [Ducic 2003]. Magnitudes of earthquakes in 2011
Thoko-Oki (9.0 Mw), 2010 Chile (8.8 Mw), 2004 Sumatra-Andaman (9.2
Mw) and 1994 Hokkaido-Toho-Oki (8.3 Mw) are all in M9 class. These
earthquakes are felt about 1 hour in advance with magnitude dependent TEC
positive anomalies [Heki 2011].

On the other hand, signals emitted from GNSS satellites, pass through the
ionosphere, have UHF bands with frequencies L1 (= 1575.42 MHz) and L2
(= 1227.60 MHz), enter neutral atmosphere with a different delay [Zhang
1999]. The neutral atmosphere is the part of the atmosphere up to 80 km from
the ground and consists in the order of troposphere, stratosphere and
mesosphere layers. The delay in propagating radio signals throughout the
neutral atmosphere often occurs in troposphere. Therefore, the neutral
atmosphere is identified as troposphere in GPS applications. The tropospheric
delay includes two components termed as dry (hydrostatic) and wet (wet).
The dry component is tied to the dry air gases in the atmosphere and
constitutes 90% of the delay. The wet component is related to the moisture
content of the atmosphere and includes significant amount of water vapour.
Although the dry component has a wider effect on delay, the errors in wet
component models are more important in terms of spatial and temporal
applications [Zhang 1999].

Troposphere modelling is important to calculate the delay caused by the
radio signals and to calculate the amount of water vapour that is ready for
condensation as well as to determine the statistical anomalities and use them
in earthquake prediction. Similarly, it is also important to note how the
signals, broadcasted from GNSS satellites and wused for location
determination, are scattered depending on zenith angle and elevation as they
pass through the troposphere. The fact that the partial vapour pressure
changes from equator towards poles according to latitudes, it makes it
necessary for the CORS system to establish its own tropospheric models in
countries with different climatic conditions at different latitudes where the
system is installed. CORS-TR system (TUSAGA-AKktif) has entered service
in May 2009 in Turkey and various studies have been started in this area.

The tropospheric delay value depends on atmospheric pressure, partial
water vapour pressure, orthometric height and temperature. It is also
inversely proportional to the satellite elevation angle. Generally, as the
altitude increases, the pressure drops and the temperature changes on average
6.5°C/km [Komjathy 1997].

The refractive index n,
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=
n==< @
c: propagation speed of light in space
v: propagation velocity of the electromagnetic wave in the medium
Electronic path length in space can be written as:
L = [nds )

and geometric path length after the light is refracted in environment is:
So=[ds ©))
The difference between equations (2) and (3) is the tropospheric delay

dirop and expressed in terms of the difference between the refraction indices of
the space and the environment.

dtrop =L-5, = f(n —1)ds (4)
N refraction indices in troposphere, [Brunner and McCluskey 1991], is

identified as N=10°(n-1)
Therefore equation (4) can be expressed as:

dirop = 107 [ Nds (5)
dirop becomes for the wet and dry atmosphere combined:

dirop = 1078 [ Ngypyds + 107 [ Ny, ds (6)
Thus dyqp can be expressed as, [Brunner and McCluskey 1991]:

dtrop = ddrymdry (&) + dyerMyer (€) (7
where

dirop: total tropospheric delay

dgry: zenith delay in dry (hydrostatic) atmosphere

dwer: Zenith delay in wet atmosphere

Mgy and My : zenith delay mapping functions along the path between
satellite and the receiver.

"¢" is the elevation angle, degree

Mapping functions can be written in Cosecant's law for flat surfaces and
constant refractions, [Collins 1999], as follows:

1
sin(e)

m(e) =

®)

The wet and dry components of dy, contribute 10% to 20% and 80% to
90% respectively in tropospheric delay. Tropospheric distance errors cannot
be neglected for dual frequency GPS signal measurements due to the fact
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that the troposphere is a non-dispersive environment. Tropospheric delay
values can be estimated using models such as Saastamoinen and Hopfield,
[Herring et al. 2010],[ Zhang 1999].

2.1. GPS Observations and TZD

If air waves are propagating from ground towards the upper atmosphere,
it also affects the troposphere. However, there is not enough research done in
this area. In this study, tropospheric changes that may occur before, after and
during the Van earthquake have been investigated. For this purpose, 4
months of data from 11 stations in CORS-TR network have been considered
(These data are obtained from the General Directorate of Land Registry and
Cadastre (GDLRC)). The results obtained have been compared with the
natural surface atmospheric and temperature values and possible mechanisms
in the earthquake zone.

147 earthquake stations were set up within CORS-TR project in Turkey
during 2006 and 2009. This network with an average distance of 80 km
between stations is different from personal positioning systems and can
accurately position with a precision of 3-4 cm using Differential Global
Positioning System (DGPS) and Real Time Kinematic (RTK) methods, [Eren
and Uzel 2009]. In the study, data from 11 CORS-TR and 22 IGS stations for
4 months including the earthquake day were processed.

20-day troposphere charts were drawn for the stations. These stations are
coded as; Horasan (HORS), Agr1 (AGRD), Hinis (HINI), Malazgirt (MALZ),
Muradiye (MURA), Mus (MUUS), Tavan (TVAN), Siirt (SIRT), Swnak
(SIRN), Hakkari (HAKK) and Semdinli (SEMD).

GPS data were processed using GAMIT software. This software solves
Precitible Water Vapor (PWV), TZD, Wet Zenith Delay (WZD), Gradient
and other parameters by using least squares inversion method, [Herring et al.
2010].

The atmospheric delay in zenith direction varies from 6 to 8 nanoseconds
(190 to 240 cm, or 10-12 cycles of phase at L1-band) depending on
meteorological conditions and site locations. The atmospheric delay increases
with decreasing elevation angle, approximately with the cosecant of the
elevation angle, so that the atmospheric delay at 20° elevation angle may be
from 30-36 cycles of L1 phase, [Herring et al. 2010].

2.2. GPS Data Processing and Methodology

The atmospheric propagation delay is implemented by the following
formula in GAMIT:
ATDEL(EL) = DRYZEN « DRYMAP(EL) + WETZEN « WETMAP(EL)
where
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ATDEL: Atmospheric Delay

EL: Elevation angle of the satellite

DRYZEN: Dry Zenith Delay

WETZEN: Wet Zenith Delay

DRYMAP: Mapping function for the dry delay

WETMAP: Mapping function for the wet delay

The mapping functions are mathematical models for the elevation
dependence of the respective delay, and they are approximately equal to the
cosecant of the elevation. However, there are significant deviations from this
"cosecant law" due to the curvature of the earth and the curvature of the path
of the GPS signal propagating through the atmosphere.

The global pressure and temperature model (GPT) is used in the program
for apriori pressure and temperature values [Boehm et al. 2007]. The model
generates them using 20 years of meteorological data as a function of
location and time of the year based on a spherical harmonic fit [Herring et al.
2010]. Therefore, this model reduces the deviation in height and total zenith
delay estimates because of the large amount of data. Similarly,
meteorological data or rinex met files from some stations can also be used to
estimate the atmospheric delays. In this study, the available meteorological
data from the region is converted to the RINEX met files for each CORS
station. Thus, the “sestbl.” file was set to be common to all stations as
follows:

Met obs source = RNX UFL GPT 50 Hierarchical list: RNX ufile
GPT/STP [humid value] to match
10.2, use STP 50; new default is GTP

50

Dmap VMF1 Hydrostatic  mapping  function
GMFH (default) [Bohm et al. 2006-2007] NMFH / VMF1

WMap VMF1 Wet mapping function

GMFW(default) / NMFW / VMF1
Tropospheric Constraints YES/NO Spatial constraints, default = No

(see Sec 8.3)

Gradient Constraints = 0.03 gradient at 10 deg elevation in
meters

Gradient Variation = .01 100 gradient variation

Use map.grid = Y Read mapping function
coefficients from a grid

Use map.list=Y Read mapping function
coefficients from a station list

Use met.grid = N Read met data from a grid

Use met.list = N Read met data from a station list

Zenith Delay Estimation = YES YES/NO
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Number Zen = 13 number of zenith-delay parameters

Zenith Model = PWL PWL  (piecewise linear)/CON
(step)

Zenith Constraints = 0.50 zenith-delay a priori constraint in
meters

Zenith Variation = 0.02 100. zenith-delay varation, tau; units

m/sgrt(hr), hrs

The effects of azimuthal asymmetry in the atmospheric delay are not
included in the above model. but they may be estimated in the following
formula.

ATDEL(EL,AZ) = GRADNS « AZMAP(EL) = COS(AZ) + GRADEW
* AZMAP(EL) + SIN(AZ)

where

EL.: the elevation angle,

AZ: the azimuth,

AZMAP: the mapping function for gradients, given by AZMAP = 1./ (
SIN(EL)*TAN(EL)+C)

C: constant (=0.003) [Chen and Herring 1997].

The cut-off elevation angle is 15° and the temporal resolution of the TZD
estimate is 5min.

Since the gradient parameters, GRADNS (Grad North-South) and
GRADEW (Grad East-West), have small values close to zenith (i.e., for
AZMAP = 1), they are rescaled between the North and South (or East and
West) for representing the difference of delay at 10 degrees elevation
[Herring et al. 2010].

Since the GAMIT software parameterizes TZD as a statistical variation
from Saastamoinen model [Saastamoinen 1972], [Herring et al. 2010], with
piecewise linear interpolation in between TZD solution epochs, it is a very
flexible software to allow a priori constraints of varying degrees of
uncertainty. The variation from the hydrostatic delay is constrained to be a
Gauss—Markov process with a specified power density. Gauss—Markov
process provides an implicit constraint on the TZD estimate at proceeding
and following epochs.

3. Applications

An investigation was carried out to understand if low-magnitude
earthquakes, Table 1, are related to the daily rates of GPS data for the 2
months period before the earthquake in the region. See Figure 1. Some daily
movement rates of MURA station are significant in the NS and EW
directions in this 2-months period especially, on the days: 237, 238, 239, 241,
270, 276, 277, 286, 287, 288, 292, 293, 295, and 296 which are the
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earthquake days in two directions. Some of them are consistent with seismic
data in Table 1, and they are shown with circles in Figure 1. red line shows
the earthquake date, [Urusan 2014].

Table 1: Seismic data (equal or greater than 3.0) and Julian Days (AFAD and

KOERI)
ON \I];J;;?n Date I(_O?tltude I(Bgmgltude I(\/I,\:\?vr;ltude Source
1| 271 28092011 | 38682 | 43018 | 3.1 KRDEA-
> | 272 20092011 | 38.0443 | 421523 | 3.1 KRDEA-
3 | 275 02102011 | 39.2992 | 43.7583 | 3 KRDEA-
4 | 282 09.10.2011 | 38.9173 | 42.2778 | 3 KRDEA-
5 | 286 13102011 | 38.9095 | 42317 | 35 KRDEA-
6 | 291 18102011 | 375475 | 425875 | 3 KRDEA-
7 | 295 22102011 | 38.9735 | 42.2817 | 3.7 KRDEA-
g | 296 23102011 | 38.7578 | 43.3602 | 7.2 KRDEA-
9 | 296 23102011 | 38.7152 | 433715 | 4.6 AFAD-
1 | 29 23102011 | 38.7657 | 43238 | 4.8 AFAD-
1 |29 23102011 | 38.7825 | 43.3633 | 5.8 AFAD-
1 | 29 23102011 | 38.7335 | 431312 | 53 AFAD-
1 |29 23102011 | 38.7702 | 43.3945 | 4.8 AFAD-
1 |29 23102011 | 38.7627 | 43.4095 | 4.2 AFAD-
1 | 29 23102011 | 38.8 4311 42 KRDEA-
1 | 29 23102011 | 38.7778 | 43.3947 | 55 AFAD-
1 | 29 23102011 | 3867 | 432 4 KRDEA-
1 |29 23102011 | 38.6968 | 43.1576 | 4.1 AFAD-
1 |29 23102011 | 38.7338 | 435558 | 4.2 AFAD-
2 | 296 23102011 | 38.7367 | 435087 | 4 AFAD-
2 | 296 23102011 | 38.7325 | 432332 | 4 AFAD-
2 | 296 23102011 | 38678 | 43.1455 | 4.2 AFAD-
2 | 296 23102011 | 38.7712 | 43.3055 | 43 AFAD-
2 | 296 23102011 | 38673 | 432019 | 4.4 AFAD-
2 | 296 23102011 | 38.8113 | 434675 | 4.7 AFAD-
2 | 29 23102011 | 38.6383 | 43.3235 | 4.1 AFAD-
2 | 29 23102011 | 38.7227 | 433823 | 4.2 AFAD-

Meteorological temperature, moisture and pressure values were recorded and
analized for 5 months from August to December. Monthly standard
deviations, means, maximum and minimum values of residues (Data from
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Turkish State Meteorological Service (TSMS)) were calculated between
hourly mean and Daily hours (at a fixed hour daily) for a month. Table 2,
Table 3 and Table 4 display hourly temperature, humidity and pressure
values respectively. First anomalies were seen 26 days before the earthquake
in Julian Day 270 data. These anomalies were repeated in 270-273 and 291-
294 daily time periods. See Figure 2-a,b,c. Although the anomalies were
seen during 285-288 daily time period, they were smaller compare to
previous periods. Seismic movements in these periods change the normal
GPS coordinates due to atmospheric changes. The ratio of these normal GPS
coordinates to changed GPS coordinates were plotted at MURA station as
shown in Figure 1. Similarly atmospheric anomalies were observed before
the seismic movements of main erthquake on Julian Day 296. These
anomalies were caused by the stresses accumulated in the region and resulted
energy discharges and trembles on the ground starting 26 days before the
main earthquake. Example temperature anomality are presented in Table 5.

MURA_N Giinliik deplasman oranlari (/1000)

—+—WPRA_N

MURA_E Giinliik deplasman oranlari(/1000)

Figure 1: GPS and seismic data relationship for MURA station. The
displacement data seen in the time series in Figure 5 of this station is
compatible with the seismic data on 237 241, 254, 266, 271, 275, 286, 292,
293, 295 and the earthquake day 296 (Table 1), respectively, shown with red
circles [3]
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Table 2: Hourly Temperature (°C)} Analvsis for five months. Because thev are verv bigger than the mean values, there are some maximum
and minimum residue values with vellow highlited which are different and more important than the others. These were measured in the
periods of the Julian Days 270-275, 283-286 and 291-2%4.

Hourly Temperature Analysis for five Months

Mt | Anlyhou (0.0 |10 |20 |30 (40 |50 |60 |70 (80 |90 |10 |11 (12 |13. |14 |15 |16 |17. |18 200 (21, (22 |33
StdDev (3.0 |30 (26 |28 |21 |23 |26 |26 |27 |26 [23 |27 |28 |30 |27 |26 |20 |21 |2 246 |27 |29 |28
2 | Mean 17. |16, |15, [ 15 |18, |22, [ 24 |26, |28 |28 |30, |30 | 300 |28 |27 |25 |22 |2 19. 13 [17. |17 | 14
= 72 |38 |56 (64 [47 |60 [61 |63 |55 |50 |41 [67 |70 |79 [601 |52 |38 |41 |47 |53 |58 |60 (72 (70
5|44 -39 (49|42 49(-53)-53|-60|-537|-50)-53 -5 |-50 -84 )51 4555 | 464054 )47 [408]143
26 [27 |27 |27 [28 |32 |37 [4.0 |40 |42 |45 |49 |48 (48 |42 |37 |31 [32 |30 )27 (29 |28 |27 [298
o, 120 120 |11 [ 15 [ 130 |16 [ 18 210 |23 |24 [24. [24. |24 [23. |21 |19 |16 |16 |15 |14 [14. |15 |12 |12
% [MaxRes |46 |45 |30 |67 |78 |80 |10 [13. |14 |15 |15 |13 |12 [12. |10 o7 |74 |72 |68 |60 |70 |63
MmmBes (45|47 |-58|-49|-51|-533(-57|-58|-55|-539|-65|-76|-79|-73|-60)|-72 49|42 (374243
StdDev (28 |29 (26 |30 |31 [33 |39 |48 |50 |54 |56 |56 |57 |55 |47 |33 25 |26 (246 |26 |26
= [Mean 50 [48 [45 |46 |47 [81 [100 120 [15 14 J14 )14 |14 13 1L |83 66 |60 [36 |53 |49
“ [MzxRes |79 |80 [71 |76 |72 [58 |80 |86 [84 [10. [1I. [11. [10. [o1 [78 [30 49 |32 [30 |49 |62 [T0 |7
MmPBes [-51)-38|-531[|-73|-66|-67[-64]-76|-37 |00\ 0305|835\ 008)-84)-63 43|50 [51)-55 )58 [ -62]-53
StdDev (4.5 |45 |30 |48 |50 [48 |43 |45 |40 |39 [38 |38 [40 |41 141 |41 57 |41 [44 145 |44 [44 145
2 | Mean -33(-36|-36(-37(-37|-24[06[13 |24 |31 |33 |33 |26 |16 (01 |09 -19 )24 [-27)-31 )35 ([-34]-35
Z |MaxRes |85 |87 [1L [10 [12. |11 |88 |75 |76 [78 [69 [75 |83 |93 |04 [o5 80 |10 [12 |12 |11 |38 |85
MmBes [-74]-76|-30(-77 )70 |71 [-72)-74|-65|-635|-75|-71|-753|-82|-76|-1.3 12|74 [T2)-67 -7 [ 6813
StdDev [32 |32 |34 |33 |35 [32 |26 |25 |22 |23 [23 |22 |21 |22 |23 |24 |26 |26 |26 [30 )27 |30 [28 |28
2 51 (-33|-55|-534(-54|-50-28 (03|12 |24 (28 |29 |23 (09 |-L1|-21|-27(-30]-32 |37 (30|42 )47[-438
= 5.8 [53 |60 [58 [49 |55 [50 |39 [42 |50 |49 [54 |49 |38 [44 |45 |47 |51 |54 |58 |54 |58 [438 |54
60[-62]-58|-67[-68]-57|-532([-36|-45]|-38|-30 |42 |-40|-47|-50]-52|-54(-52]-51|-50(46]| 49| 45([42
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Table 3: Hourly Humidity (%) Analysis for five months. Because they are very bigger than the mean values, there are some minimum
residue values with vellow highlited which are different and more important than the others. These were measured in the periods of the
Julian day 270-275, 283-286 and 291-294.
Hourly Humidity {5} Avarage Analysis for five Mounths

Mth | Analy/Hour | 00 10 |20 |30 |40 |50 (&0 [70 |80 |90 (100 | 110 |120 | 130 [ 140 | 150 | 160 | 170 [ 180 | 19.0 | 200 | 210 | 220 | 230
Std Dev 108 [ 102 |82 |74 |80 |88 |84 |70 |84 56 |54 55 |88 s |87 |75 |70 [es5 [72 3 3 |82 |85 [8&7
.M_ 529 565 [558 | 484 | 424 | 355 (300 |263 | 222 | 202 [ 192 | 190 | A0 (330 |03 |78 526 | 533
25.3 185 [ 180 | 169 | 163 | 148 [ 1319 3 |83 |85 100 |97 104 | 117 | 130 | 128 245 | 220
<232 | 175|155 |87 | AzEf3z | -128) -3 |08 [-w08 )88 |-112|-366 | 424187 | 185 [-18T -21.0 0| -20.4
145 | 129 | 125 |12 123 |13 [ 127 | 113 |05 [108 | 103 | 123 | 138 [ 148 | 1465 | 144 [128 131 [ 133
nwp 580 | 582 (604 |61.3 | 558 [ 488 | 382 | 30 3 | 259 | 238 | M4 |44 | &5 [T | B¥e | 4T 58.3
Max Res 23 |24 | %4 | M1 | A6 | 178 A | 154 [ 135 [ 127 1 1121 | 13.0 [ 152 | 183 [ 3.2 2.3
Min Res -38.0 | -246 | -228 | -25.0 | 313 [ -390 | 323 | -325 [-324 [ -339 | -323 | 34 |46 | 459 | 447 | 420 [ -89 -32.5
Std Dev 128 | 100 [89 |95 |88 | 115 [136 | 158 | 168 | 164 (171 | 17.7 |73 [ 167 | 128 |78 |78 10.2
B Mean 783 | 790 | 804 [803 [T796 [673 | 566 | 513 | 471 | M0 (428 | M7 | 422 | 456 | 535 | 680 (743 81.4
Max Res 281 | 173 | 152 | 198 | 155 | &4 | Z0 | 307 [Z8 [ 225 |29 | 225 | 248 | 251 | 179 | 112 | 123 18.2
Min Res 178 | 175 S139 ) -216 | -280 | 404 (422 [ 428 |40 | 480 | 435 | -39 | -308 ) -233 |74 -15.5
Std Dev 128 | 101 [ 96 |93 LK 101 | 102 | 105 | 106 | 117 | 135 | 154 | 151 | 133 [ 111 | 103 11.0
2 | Mean 745 | 753 | 751 (V51 (742 (603 | 629 | 563 | 527 | 502 | 497 | 507 |537 |55 |632 | 678 [TOT 744
= Max Res 2.2 | 191 | 171 | 169 | 134 | 171 | 180 | 155 (151 (185 192 | 185 | 209 | 223 | 246 | 226 | 166 | 159 | 177 | 19.0 | 17.2 [ 198 [ 163
Min Res <235 | 181 | 74 [A76 [ 47 [-M2 | 253 | 254 | -3 | 32| -M4 ) -382 | -369 | 322 | -261 | 22 [ T4 [ 462 [ 164 | -0 | 204 | 187 | 3D
Std Dev 112 | 101 [ 94 |85 3 |8 116 | 127 [ 127 | 126 |28 [123 | 118 | 114 [ 113 [ 114 114 |14 | 112 | 107 | 11E )it [ 103
g | Mean 654 | 665 | 655 [658 [654 (645 |582 | 503 |457 | 436 | 433 | 428 6 [ 483 (565 | 587 | 609 | 619 | 630 | 845 | 848 | 654 | G5B
= Max Res 208 |34 | 199 | 192 | 182 | 182 | 19.0 | 206 (208 [ 221 | 191 | 186 | 175 | 177 | 188 |23 | 196 |23 | M4 | X4 | 22 [ 199 [ 195
Min Res -224 | 163 | 153 (155 [ 453 [ -M1 | -25.0 | -30.5 | -30.5 | -35.8 | -36.8 | 326 | -267 | 271 | -241 | 209 [ 199 [ -188 (187 | 180 | 208 | -2 | -E2A
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Table 4: Hourly Pressure (hPa) Analysis for five months. Because they are verv bigger than the mean values, there are some maximum
and minimum residue values with vellow highlited which are different and more important than the others. These were measured in the

Hourly Pressurs (hPa) Analysis for five Mounths

periods of the Julian day 270-275, 2

83-286 and 291-294.

M | Analy'Hour [0 1 2 3 4 5 6 T 8 9 10 |11 12 (13 |14 |18 |16 |17 (18 [18 |20 | |22 |3
Std Dev 22 121 |21 (21 |21 |21 |21 |21 [21 |20 |20 |24 O ]21 (21 |21 O 121 121 0 |20 0 120 0
= | Mean 827 | 827 | 827 (828 | 828 |B23 |828 (827 | 827 | 8206 | 826 | 826 (826 | 826 | 825 | 826 | B2§ | 827 | 827 | 827 (827 | 827 [ 827 |87
< | Max Res 54 | 4% |80 [52 |82 |52 |51 [5B0 |48 [45 |43 |43 [44 |48 [47 |48 |45 |48 |47 |47 |48 |45 [47 |48
Min Res 45 |46 |44 (43 |43 |43 |42 (42 |41 [-40 -39 |44 |4 |42 |44 45|48 | 4T |46 |45 (45 |45 ([-44 (44
Std Dev 23 |21 |21 0 O (21 |22 |22 |22 |23 |23 |23 |24 |24 |24 |28 [24 |23 [23 |22 [22 |22 [22 [22
%. Mean 820 | 820 | 820 (820 | 820 | 830 | 820 | 820 | 820 | 823 | 828 | 828 |B28 | 827 |827 | 828 (828 | 820 | 829 (820 | 829 | 820|829 |82
Max Res 41 (39 |39 [37 [38 |38 [40 )38 |36 [36 |39 |41 [43 |44 |43 |44 [£4 143 [42 [39 |41 |42 |40 138
Min Res 69 |-h7 |67 |66 |H4 |65 |Hb6 |56 |-66|H7|)Hh6 |68 | 62|63 |65|65(62|H59)|-60(60)-567|-67]|-57|-56T
Std Dev 23 0 0 [21 0 0 g [18 O [18 |18 [1.7 |17 |16 [16 |16 |16 |16 |18 |18 |17 [17 [17 |18
b Mean 831 | 831 | 831 (4831 | 831 | 831 |832 |831 [ 831 | 831 | 830 | 830 | 830 | 830 |830 | 831 [831 | 831 (831 (831 |831 [831 | 831 | 8N
Max Res 61 (38 |41 [42 |44 |45 |42 |34 |48 [27 |25 |29 A |28 |31 |32 [27 |25 |27 [28 |33 [33 |38 |38
Min Res A0 |37 |35 (37 [|-356 |36 |-34 |33 |34 |32 |35 |35 |31 |-28 |-28 |-27(-28(-29|-20 [-32|-32 |-31[-33 |33
Std Dev 21 |17 |17 [T 1T T T T (7 16 16 |18 (18 |16 |18 |14 [14 |14 [15 [15 |15 [16 |16 |17
2 | Mean 830 | 829 | 829 (830 (830 | 830 (830 (830 | 830 | 829 | 829 | 829 |82% |829 | 829 | 829 | B30 | 830 | 830 | 830 |830 | 830 [ 830 [ 830
= | MaxRes 40 |28 |28 [28 |28 |26 |27 [27 |27 [28 |22 |22 |21 |23 |22 |22 0 |22 |27 |27 |27 O [28 0
Min Res 41 | -30 |30 [-30 [ -31 -3 [-33 [-34 |34 [-33 |33 |31 |31 |-30 |29 |-28|-28 |-28|-26 |-26 [-28 |-25[-28 [-28
Std Dev 37 |34 |35 [36 [35 |35 |35 [34 |34 [33 [33 |33 [32 |32 [32 |32 |31 |31 |31 |31 |32 [32 [3z2 |33
$ | Mean 832 | 832 | 832 [ 832 | 832 | 833 [ 833 | 833 | 833 | 832 | 832 | 831 | 831 | 837 | 832 | 832 (832 | 832 | 833 (832 | 833 | 832 [832 | 832
& | Max Res 92 |87 |87 (8% |88 |82 |81 [82 |82 [83 |84 |87 |88 |86 [86 |85 |82 |82 |81 |81 |82 |83 [84 |84
Min Res 69 |57 |67 (67|65 |66 |66 |67 |-66|54)|-52|-49 |47 |49 |-50)-63([-55|-65|-66([-65)-66|-66]-53]-85
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Table 5: Hourly Temperature values (°C) for the periods. Yellow bars show the maximum increasing or decreasing. The values are highly
difference than the values in before or after days. The days are compatible with the seismic events and PWV_, ZWD and TZD charts in

Figure 1-3-4-3-6.

Julian Day
Mth |/ Hours 0 1 B3] 4 5 13 7 ] g 10 11 12 13 14 15 17 18 19 20 21 22 23
270 07 |07 06 |21 (389 (47 |46 58 |69 8.5 124 |128 |120 [100 |79 56 |64 |45 |48 |54 [58 |17
P4 | 38 |40 33 |40 [50 (5% |63 5.2 |62 77 7.3 |56 50 |5d 4.2 39 |44 |42 |43 |37 |34 i@
W &2 40 |45 67 |78 |56 [57 |48 43 |43 39 44 |45 57 |85 5.2 33 |25 |27 |43 |30 [43 |47
273 46 |41 36 |51 [80 [110 [136 [149 [156 ([155 [138 [125 |16 [106 ([97 72 |&7 |60 |70 |83 [58 |58
74 18 |08 00 |15 |05 ([22 |46 55 |65 57 81 80 BT |47 29 09 |01 |03 |06 |08 [D4 |02
5 08 |05 20 |23 (00 (03 |01 |22 |05 0.3 00 |06 |16 |22 |26 -32 |31 |32 |44 |24 |30 |24
283 0.3 -2.0 0.2 |-30 [41 |-5% |64 |70 |66 |72 |63 |57 [-54 |-z [-30 T P o A o P X
284 0.1 0.1 -27 |53 |64 |78 |78 [-7E |-B& |94 |93 |89 [E4 |52 |42 o I - e - i
285 -3.4 -1.7 47 |67 |61 |72 |87 |98 |93 |95 |81 |89 [78 |49 [41 -37 -8 |31 |28 |27 -2
286 230 51 656 |25 (24 |48 39 19 L7 |24 |27 |28 |27 |22 |27 £8 |02 |07 |05 |02 |06
287 212 -2.1 -25 |28 |[-23 |34 |28 |-24 |22 |-28 |27 |28 |[-1& |08 |07 15 |14 07 |08 |47 |13
288 20 09 29 |19 |26 |46 |43 [47 |32 |28 |33 |38 |25 |16 [-18 34 |40 |27 |38 |43 |43
- 289 432 -3 A1 |39 (-39 |59 |53 |57 |68 |6 5.3 6 |57 29 3 |50 |51 |55 |58 |62 |-B3
= (20 4.0 e R I - T e O - - T e S o A o T 2 L T - ) 227 |-24 [-24 |-35 |27 [-24 |-1E |-R3
=z [ 51 -38 |-34 (01 |-19 |44 |49 (40 |45 |-37 |-34 |40 |48 |35 S35 |32 |12 |06 |97 |08 |03 |-1.3
292 -2.3 -26 |-24 [-22 |18 |12 |3d 36 |63 8.3 114 |98 89 |77 41 |30 [24 |21 18 |14 |11 13
293 19 18 |18 |27 |55 |38 |[8& 78 106 |11.2 (77 |90 83 |66 36 |34 |48 [44 41 [62 |70 |7A
4 79 71 |76 (72 |58 |44 |47 42 |39 38 0 |25 15 |28 47 |48 (52 |50 |49 |54 |38 |38
295 & 13 |17 |3 51 0.1 £3 |02 |44 (23 |24 |24 |06 1.5 6 |18 |22 |05 [-23 |21 |18 |[-21
205 -16 . L8 |06 |05 |05 |03 |08 |40 |05 |40 |03 |46 |01 0.2 25 |35 (18 (21 |07 |24 |17 |38 |07
297 4.4 & & |49 (44 20 |04 |05 |42 |10 |04 [07 |03 |08 1.2 04 |05 [04 |12 ]2+ 3 |2s 3 |18
208 15 |24 |23 |30 |03 [1E |XO 1.3 20 |04 |02 |12 2.2 5.0 29 16 |05 |01 |02 02 [L5 |01 |03 |10
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The weather conditions in the region have been examined with the help of
meteorological data. According to this examination, a number of changes
was observed in the earthquake day before the earthquake hour at MURA
station in Muradiye region, which was the nearest location to the earthquake
center.
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Figure 2: Representation of anomalies for Temperature, Humidity, Pressure
during 270-273, 291-294, 285-288 time periods

With the help of GAMIT program PWV, ZWD, TZD and Gradients of
GPS coordinates have been calculated and plotted in Figures 3 and 4. It has
seen in these figures that the results are compatible with the results in Figures
2-3, b, c. It can be concluded that the delays and gradient in Figures 3 and
Figure 4 are matching with the periods in Figures 2-a, b, c.
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Figure 4: Plot of PWV and ZWD (mm) variations against Julian days
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Figure 3: Plot of TZD (mm) and Gradients (mm) of GPS coordinates
variations against Julian days.
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Figure 5: MURA station TZD (mm) versus hours chart for 3 days include EQ
day

TZD, was calculated and plotted by 2 hours intervals for 3 days including
earthquake day using Gamit program, and the solutions is shown in Figure 5.
TZD usually gives close to 1940 mm, a normal value on 295 Julian day for
the MURA station. But, a rising of 15 mm at 04:00 is recorded on 296 Julian
day. After the earthquake, it was calculated as 1930mm with a decrease of
25mm until 14:00. Finally, it rises to the late 1950s towards the end of the
day. These changes in TZD continued end of the 297 Julian day, especially
from hours 12:00 to 24: 00, from 1940 mm to 1970 mm, Figure 5.

Anomaly which took place in 296 Julian day is calculated daily along
North-South (NS) and East-West (EW) gradients, Figure 6. In that day, by
15 mm increase between the hours 02:00 am and 04:00 am, as shown in
Figure 5, is also seen along NS gradient in Figure 6 and caused to fall this
gradient down to -80 mm. The gradient reached to 60mm with an increase by
140 mm along the day and until midnight. In the EW direction, this change
stayed at 20 mm. These graphs are evidence of how the troposphere in the
region where the station is located showed extreme movements on that day.
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Figure 6: Hourly Gradient velues (mm) of MURA Station for three Julian

days (295, 296, 297)

The water vapor in troposphere, mentioned in section 2, decreases as an
extra, as indicated by red circle in figure 7, a result of piezoelectric effect that
occurs from the ground to the ionosphere about 01:00 am o'clock, before the
event. Similarly, a resulting low pressure before the earthquake time as seen
in Figure 8, and an increasing in temperature takes place before the main
earthquake time as seen in Figure 9. These anomalies are emphasized with
red circles. Specifically, a unexpected pressure maximum decreasing appears

approximately seven hours before the main shock.
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Figure 7: Daily Humidity (%) distribution
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Figure 9: Air temperature (°C) distribution

After the earthquake, while temperature and water vapor distributions
decrease and pressure distribution increases until late evening.

As it is explained above, a sudden increasing in air temperature can be
seen in Figure 9, while an abrupt decreasing in humidity and pressure due to
temperature rise can be seen in Figure 7.

It is evident that this sudden hot air movement is caused by the hot air
raised to troposphere from the cracks of the earth’s upper crust and
piezoelectric energy generated by the stresses in the rocks. This energy was
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released before the event to form a positive channel to release hot air in the
region. This can also be explained by systematic fractures. It is known that
the Sun and the Moon which produce the tidal wave phenomena on the seas,
due to gravitational attraction between them. This phenomena causes an 80
cm increase on the earth's crust when sun and the moon are on the same side
of the earth. When they are located on opposite sides of the earth, earth’s
crust facing the sun rises 26 cm and the earth’s crust facing the moon rises 50
cm.

These elevations are calculated according to geoids regardless of whether
they are continental or oceanic crust. The cracks that occur during these
movements are random cracks, and the repetition of this movement over time
makes them systematic cracks.

Hence, the heat energy and the pressure waves that emerge from the
earth’s crust before and during the earthquake are emitted from these
systematic cracks and spread to troposphere and ionosphere. It was observed
in some cases that the farmers' body had serious burns due to this heat energy
rising from the ground.

4.Data and Sharing Resources

GNSS data used in this study were obtained from the database General
Directorate of Land Registry and Cadastre (GDLRC) http://www.tusaga-
aktif.gov.tr/Login.aspx

Meteorological data can be found upon request at Turkish State
Meteorological Service (TSMS) https://mgm.gov.tr/eng/forecast-cities.aspx

Seismic data and their reports were taken from Kandilli Observatory and
Earthquake Research Institute — Bogazici University (KOERI)
http://udim.koeri.boun.edu.tr/zeqdb/

Earthquake data were downloaded from Republic of Turkey Prime
Ministry Disaster & Emergency Management Authority (AFAD)
http://deprem.afad.gov.tr/depremkatalogu?lang=en

GAMIT/GLOBK program can be downloaded upon request at
Massachusetts Institute of Technology (MIT)
http://geoweb.mit.edu/~simon/gtgk/ , rwk@chandler.mit.edu

5.Conclusions

Turkey is an earthquake country. There are a lot of earthquakes occure in
every year. One of the earthquakes also occured around VAN city, at eastern
Turkey, on 23rd of October 2011. In this study, various parameters such as
PWV, ZWD and TZD have been investigated by using CORS station data,
whether the event could be predicted before it occured. The solutions have
been compared with the meteorological and seismic data.
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In this study, 3 important periods just before the earthquake are coming
into the attention. These periods can be defined as days 270-275, 285-288
and 291-294 with respect to GPS daily recordings. Earthquakes took place
during all these 3 periods at a magnitude of 3-4 Mw and atmospheric
temperatures displayed sudden increases. Consequently, these sudden
temperature and moisture changes had been resulted sudden fluctuations of
PWV, TZD and ZWD.

First of all it was observed that the movements of the MURA station were
matching with seismic movements before and after the earthquake in NS and
EW directions.

Secondly, the temperature, humidity and pressure values in the region
have been compared with CORS solutions and seismic data, and it has been
figured out that they are closely matched with the seismic and station
movements time before, during and after the earthquake.

The effects of temperature, humidity and pressure were also observed that
their distributions are related to the GPS delays observed in the atmosphere.
Most important of all, the effects of the gradient changes from the norm are
detected with respect to station coordinates resulted from GPS signal delays.

To sum up, the results obtained here are very important in earthquake
prediction if the meteorological measurements and micro earthquakes are
observed continuously. In order to stop earthquake disasters and human
losses, changes in atmospheric GPS signal delay source values such as PWV,
ZWD and TZD can be used together as an alternative parameter to obtain
better predictions.
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1.Giris

Hizla artan diinya niifusu ve teknolojide yasanan gelismeler insanlarin
enerji tiikketimine olan ihtiyaglarmi arttirmistir. Petrol, dogal gaz, komiir gibi
fosil yakit rezervlerinin hizla tiikenmesi ve bilyllk sera gazi emisyonlari
glinlimiiziin enerji sektorii igin her gecen giin daha biiylik sorun haline
gelmektedir. Fosil yakitlarin yakilmasindan kaynaklanan karbon emisyonlari
sera gazlart (GHG) emisyonlarinin dzellikle karbondioksitin iklim degisikligi
ve kiiresel 1smmma iizerindeki zararli etkileri son yillarda oldukg¢a dikkat
¢ekmektedir [1] .Bu kosullar altinda, enerji iiretimi igin ¢evre dostu enerji
kaynaklarmin benimsenmesi son derece Onemlidir. Fosil yakitlar yerine
yenilenebilir enerji kaynaklarini miimkiin oldugunca ¢ok kullanilmas: ¢evre
kirliliginin ve karbondioksit emisyonlarinin azaltilmasi i¢in giderek daha
onemli hale gelmektedir [2].

Giinlimiizde kiiresellesmenin  de  etkisiyle geleneksel kalkinma
anlayisindan siirdiiriilebilir kalkinma anlayisina dogru bir gegis yasandigini
ifade edebiliriz. Siirdiiriilebilir kalkinmayr gergeklestirebilmek amaciyla
yenilenebilir enerji, hem sanayi alaninda hem de yerel uygulamalardaki enerji
ihtiyacini karsilamada dnemli rol iistlenebilir.

Yenilenebilir enerji kaynaklari, dogada serbest olarak bulunmakta ve fosil
yakit kaynaklarina iyi bir alternatif olarak goriilmektedir. Enerji kaynaklar1
olarak; riizgar enerjisi, dalga enerjisi, hidrojen enerjisi ve hidrolik enerji,
jeotermal enerji, gilines enerjisi ve flizyon enerjisi gibi enerji tiirleri
yenilenebilir enerji kaynaklarina 6rnek verilebilir. Bunun yaninda en hizli
bi¢cimde gelisen ve iilkelerin siirdiiriilebilir kalkinmasmi destekleme de daha
fazla katki sunan yenilenebilir enerji kaynaklarindan giines ve riizgar enerjisi
en popiiler enerji kaynaklar1 olarak ifade edilmektedir. Ozellikle son yillarda
Giines enerjisinden elektrik enerjisi elde etme alaninda yenilenebilir enerji
kaynaklar1 ile enerji iretimi ¢ok biiyilk dnem kazanmistir. Giines enerjisinin
diger enerji tiirlerine gdre avantajlarini sdyle siralayabiliriz:

39


mailto:cgencer@firat.edu.tr

International Studies on Natural and Engineering Sciences Chapter 2

*  Giines tiikenmeyen enerji kaynaklari arasindadir. Bu yiizden
giines enerjisi kullanimu i¢in herhangi bir yakita ihtiyag¢ yoktur.

*  Giinesten elektrik iireten tesislerin aginma pay siireleri yaklagik
5-6 yil arasindadir. Bu durum diger enerji iiretim yontemlerinin
Oniine gegme imkani tanir.

* Gilines enerji santrallerinin bakimlar1 diger enerji tesislerine
gore ¢ok daha kolaydir. Bakim ve igletme maliyetleri diisiiktiir.

*  Temiz bir enerji tiiriidiir; ¢cevreyi kirletici, duman, gaz, karbon
monoksit, kiikiirt ve radyasyon gibi kiilfetleri yoktur.

Ulkemiz, cografi konumu nedeniyle sahip oldugu giines enerjisi
potansiyeli agisindan birgok iilkeye gore sansli durumdadir. Devlet
Meteoroloji Isleri Genel Miidiirliigii’ nden alinan bilgilere gore (DMI) 1985-
2019 yillar1 arasinda Tiirkiye ortalama giinliik giineslenme siiresi 6,8 Saat [3],
2011-2019 yillar1 arasinda Tirkiye ortalama gilines radyasyonu 1558,7
kWh/m? [4]. Tiirkiye giines enerjisi potansiyeli atlasi sekil 1’de verilmistir.
Sekilden de agikga goriildiigii gibi Giiney Dogu Anadolu Bdlgesi Tiirkiye'nin
en fazla giines enerjisi alan bolgesi olup, bunu Akdeniz Bolgesi takip
etmektedir.

Sekil 1. Tiirkiye giines enerjisi potansiyeli Atlasi(GEPA) [5].

Tirkiye’de yenilenebilir enerji kaynaklarindan gilines enerjisinin
iiretimdeki pay1 her gegen giin artmaktadir. Tiirkiye’nin 2009 ve 2019 yillar
arasinda birincil enerji kaynaklarina gore kurulu giici Sekil 2’ de
sunulmustur. Sekil 2 incelendiginde; 2009 yilinda gilines enerjisinden elde
edilen gii¢c miktar1 0 iken 2019 yilinda 5.999, 2 MW’a ulagmustir. Enerji ve
Tabii Kaynaklar Bakanligi tarafindan, Tiirkiye’de oOniimiizdeki 10 yil
boyunca 10.000 MW riizgar ve 10.000 MW giines yeni kapasite kurulumu
yapilmasi planlandig1 aciklanmugstir [7].Tiirkiye elektrik piyasasinda 2018-
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2050 dénemine iligkin ongoriilere gore; Tiirkiye 2050 yilinda giines enerjisi
maliyetlerinde %77 gerileyecek, 2018 yili sonu itibariyle 88,5 GW olan
Tiirkiye’nin elektrik iiretim kapasitesi 2050 yilinda 261 GW seviyesine
ulasacaktir. Bu kapasite igerisinde komiiriin payr %5’e inecek ve giines
enerjisi sistemleri %26 ile kapasite i¢cinde en yiiksek paya sahip olacaktir [8].
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Sekil 2. 2009 ve 2019 Yillari i¢in birincil enerji kaynaklarina gore
Tiirkiye kurulu giicii [6].

2. Yapay Zekanin Giines Enerji Sistemlerinde Kullanimi

Son yillarda yapilan ¢aligmalar Yapay Sinir Aglar1 (YSA)’ nm, enerji
iretim, tiiketim ve bunlari dogrudan etkileyen faktdrlerin tahmininde etkin
olarak kullanilabilir oldugunu gostermistir. Bu alanda yapilan ¢aligmalardan
bazilar1 asagida verilmistir.

Ayan ve arkadaslar1 “ Fotovoltaik (FV) sistemin yapay zeka algoritmasi
ile giic tahmini “adli ¢aligmasinda gevresel faktorleri géz Oniine alarak FV
sistemin {iiretecegi giicli tahmin etmeye ¢aligmiglardir. Ortam sicakligi, nem,
radyasyon, panel sicakligi, rlizgar hizi vb. cevresel faktorleri goz Oniine
alarak yapay zekda yontemlerinden YSA ile FV panelin liretecegi giici
hesaplamislardir. Ortalama mutlak yilizde hatayr (MAPE) %6,6 ve basar1
oram1 R*yi %98,9 olarak bulmuslardir. YSA’ nin performans: istatistiksel
tekniklerden ¢oklu regresyon analizi ile karsilagtirmiglardir. YSA’ nin, FV
panellerinin iirettigi giicii dogru tahmin ettigini gostermislerdir [9].

Dandil ve arkadaglar1 YSA Kullanilarak FV panel gii¢ ¢ikislarinin tahmini
ve sezgisel algoritmalar ile karsilagtirilmasi adli ¢alismasinda YSA ile alti
farkli konuma yerlestirilen panellerden elde edilen giic degerlerini tahmin
etmislerdir. Pargacik siirii optimizasyonu(PSO) optimizasyon algoritmasina
dayalt YSA ile Geriye Yayilim (GY) ve bir diger optimizasyon algoritmasi
olan Klonal se¢cim algoritmast (KSA) ile egitilen YSA modellerinden
yararlanilmigtir. Her 1ii¢ kriterden elde edilen dogrulama sonuglari
incelendiginde, hemen hemen tiim aylar i¢cin PSO algoritmasi ile egitilen
YSA yapisinin, KSA ve GY algoritmalari ile egitilen YSA yapilarina gore
daha basarili oldugu goriilmiistiir. Baz1 sonuglarda ise GY ile egitilen YSA
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yapisinin, PSO ile egitilen YSA yapisina gore, sonuglar birbirine yakin
olmakla birlikte daha basarili oldugu anlasilmistir [10].

Su ve arkadaglari, FV sistemlerin ¢ikis giicli ve enerji verimliligi i¢in yeni
gercek zamanli tahmin modelleri gelistirmislerdir. Bu modelleri Macau'daki
sebeke baglantili giines FV sisteminin dlgiilen verilerini  kullanarak
dogrulamislardir. Her iki zaman araligi da yillik ortalama ve aylik
ortalamalara gore hesaplamislardir. Sistem verimliligi i¢in ¢evrimi¢i tahmin
modeli, tahmin edilen ¢ikt1 giiciiniin tahmin edilen giines 1smimina oranina
dayanmaktadir. Bununla birlikte, ¢ogu FV sistemi bu donem boyunca en
verimli sekilde calistigi i¢in uygulayicilar i¢in halen faydali bir amag
olabilmektedir [11].

Lorenz ve arkadaslari, FV bir sistemden elde edilen gii¢ tahmini i¢in
radyasyonun etkisini aragtirmiglardir. Yaptiklart ¢alismada Avrupa Orta
Vadeli Hava Durumu Tahminleri Merkezi (ECMWF) tarafindan 6ngériilen
lic giin Oncesine dayanan tahminlere dayali olarak bolgesel FV enerji
¢iktilarmin tahminine yonelik bir yaklagim sunmuslar ve Almanya da
bolgesel olarak veya Almanya nin tamami i¢cin RMSE degeri
hesaplamiglardir. Bu c¢aligmalarinda FV giic tahmininin dogrulugunu
aragtirmiglardir [12].

Yona ve arkadaslari ¢alismasinda FV sistemin gii¢ ¢ikiginin olabildigince
dogru tahmin edilebilmesi i¢in karmasik hesaplamalara ve matematiksel
modellere ihtiyag duyulmadan da yapilabilecegini gostermislerdir. Bu
caligmada, bir giin 6ncesi 24 saatlik giineslenmeyi tahmin edebilmek igin
YSA’ nin su modelleri segilmistir: ileri 3 Beslemeli Sinir Ag1 (FFNN), Temel
Radyal Fonksiyonlu Sinir Ag1 (RBFNN) ve Tekrarlayan Sinir Ag1 (RNN).
Secilen bu modellerde en iyi sonuglarin RBFNN ve RNN modellerinin
verdigini gozlemislerdir. Calismanim sonu¢ boliimiinde FV sistemlerde iyi bir
tahmin araci olarak YSA modellerinden faydalanilabilecegi belirtilmistir
[13].

YSA’nin gelecek zamanlarm tahmini i¢in kullanildig1 alanlardan birinin
de elektrik enerjisi talep tahmini oldugu bilinmektedir. Gelecegin enerji
tahmini i¢in yapilan birgok calismaya gore, yapay sinir aglarinm (YSA)
geleneksel metotlara oranla daha iyi sonuglar verdigini gostermistir (27).
Hamzagebi ve Kutay, uzun donemli elektrik enerjisi tiiketimi tahmininde
yapay sinir aglarint kullanmiglardir. 1970-2002 yillar1 arasindaki elektrik
enerjisi tiiketim degerleri, niifus bilgileri ile model kurulmustur ve 2003-2010
arasindaki tahmin yapilmistir. YSA yontemi ile elde edilen sonuglar ile, Box-
Jenkins modeli ve regresyon teknigi ile kiyaslanmugtir. Caligmanin
sonucunda, elektrik enerjisi tiiketiminin tahmininde, yapay sinir aglan
tekniginin tahminleme i¢in iyi bir ara¢ oldugu saptanmistir [14] .
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Mellit ve arkadaglar1 Cezayir bolgesi i¢in yaptiklari bir ¢aligmalarinda,
uzak bolgeler i¢in ortalama aylik netlik indeksi ve toplam giines radyasyonu
verilerini siralamak i¢in uygun bir sinirsel-bulanik ¢ikarim sistemi (ANFIS)
modeli sunmuslar ve bu modelden elde edilen sonuglar1 YSA modelleri ile
elde edilen sonuglarla kargilagtirmiglardir. Bu ¢alismanin sonucunda &lgiilen
degerlerin ve tahmin degerlerinin olumlu bir sekilde karsilastirildigt ve
Olgiilen ve tahmini degerler arasinda RMSE, MAPE degerlerinin sonuglar1
verilmistir. Ayrica ¢aligmanin sonucunda sicaklik, nem ve riizgar hizi gibi
farkli meteorolojik parametrelerin de tahminleme de kullanilabilecegini
gostermislerdir [15].

Li ve arkadastari, kisa vadeli giines isinim tahmin algoritmalarmin,
makine O6grenme metodolojilerine, Gizli Markov Modeli' ne ve SVM
regresyonuna dayanarak Avustralya Meteoroloji biirosundan alinan verileri
kullanilarak Matlab ara yiiziinde gelistirdikleri bir tahmin platformu
olusturmuslardir. Deneysel sonuglara gére, makine 6grenme tabanli tahmin
algoritmalarmin, farkli hava kosullarinda gelecek 5-30 dakika giines 1ginimint
tam olarak tahmin edebildigini gdstermislerdir [16].

3. Materyal ve Metot

Bu ¢alismada Dogu Anadolu Boélgesi’nde bulunan Elazig ili Sahinkaya
Mevkiinde kurulu olan bir gilines enerji santralinin 2018 Ocak-2019 Aralik
ay1 arasindaki 24 aylik tretim verilerinin Meteorolojik verilere (Gilinlik
Ortalama Nispi Nem (%),Giinlik Ortalama Sicaklik (°C), Giinlik Toplam
Global Giines Radyasyonu (kWsaat/m?)) bagli olarak tahmini yapilmistir.
GES’ e ait iretim bilgileri GES ’ten alinmustir. Meteorolojik veriler ise
MEVBIS’ten alinmistir. Cahsmada uygulanacak YSA modeli MATLAB
(R2018 Siiriimii) yazilimu ile egitilerek gergeklestirilmistir.

Giines enerji santrali Elazig il merkezinde bulunmaktadir. EPDK
tarafindan iretim lisansi verilen proje Tirkiye’de ilk lisans alinan giines
enerjisine dayali elektrik iiretim projesi olma 6zelligine sahiptir. SMW kurulu
giicline sahip GES 28776 giines panelinden olugsmaktadir. Santral Elazig-3
TM 154 kV baras: iizerinden TEIAS sistemine baglanmustir. Tesis
14.10.2016 tarihinde isletmeye acilmistir. GES’e ait fotograf Sekil-3’de
verilmistir.
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Sekil 3. Giines enerji santrali

YSA, ozellikle bilgi teknolojilerinin gelismesiyle beraber miihendislik
alaninda ¢ok genis bir uygulama alani bulmustur. YSA, biyolojik ndron
hiicresinin yapis1 ve 6grenme karakteristiklerinden esinlenerek gelistirilen bir
hesaplama sistemi olarak tamimlanmaktadir [17-18]. Ogrenme islemini
ornekler yardimi ile gerceklestirirler [19].

Giinlimiizde yaygin olarak kullanilan baslica yapay zekd ydntemleri,
uzman sistemler, bulanik mantik (BM), genetik algoritma (GA) ve YSA’ dir
.YSA, insan beyninin ¢aligma ilkesini yapay olarak modellemeyi amagclar.
Sinir aglar1 insan beynindeki noronlara benzer olarak bir araya getirilen
yapay noronlarm degisik baglant1 geometrisi ile birbirlerine baglanmasi
sonucu olusan sistemlerdir [20, 21]. Sekil 4a ve 4b’ de dogal bir néronun ve
yapay bir sinir aginin sematik yapis1 goriilmektedir.

Mitokondri
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Sekil 4a: Biyolojik bir ndron hiicresi
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Sekil 4b: Yapay sinir ag1 hiicresi

Sekil 4b’deki gibi elde edilen bir yapay sinir hiicresinin matematiksel modeli
Esitlik 1 ve Esitlik 2°deki gibi ¢ikartilabilir.
o))

m
net = E XiWi + BW0

v = f(net) 2

Esitliklerde kullanilan x girigleri, w ise agirlik vektoriini gosterir. f(.)
fonksiyonu ise, net girislerin degerlendirildigi bir aktivasyon fonksiyonudur.

YSA, vyapay sinir hiicrelerinin  gesitli  sekillerde  birbirleriyle
baglanmasindan elde edilir. YSA’nin digiimleri ve baglantilar1 ¢ok degisik
bicimlerde bir araya getirilmesine karsin denetim alaninda daha ¢ok ileri
beslemeli ve geri beslemeli aglar olmak flizere iki ¢esit YSA mimarisi
kullanilmaktadir [20, 21].

YSA makine 6grenmesinde de yaygin olarak kullanilan bir modeldir.
Insan beyninin yapisindan esinlenilerek tasarlanan, oriintii tanima ve hata
minimizasyonuna dayali bir ydntemdir. Biyolojik sinir aglarmm temel
ozelliklerini iceren en basit yapay néron modeli,1943 yilinda McCulloch ve
Pitts tarafindan gelistirilen treshold logic units modelidir. 1958 yilinda
Rosenblatt tarafindan gelistirilen Perceptron modeli ise treshold logic units
modeline, Hebb 6grenme modelinin uyarlanmasi ile gelistirilen 6grenen bir
yapay sinir ag1 modelidir. 1980°1i yillarda gelistirilmis olan ¢ok katmanli
perceptron modeli, 6zellikle geri yayilim &grenme algoritmasi kullanilarak
siiflandirma problemlerinin ¢oziimiinde basar1 saglamis ve YSA alaninda
yeni bir donemin baglangicini olusturmustur [22, 23].

Bu galismada GES’e ait iiretim degerleri, Giinliik Ortalama Nispi Nem
(%),Glinliik Ortalama Sicaklik (°C), Giinlik Toplam Global Giines
Radyasyonu (kwsaat+m?) toplam 730 satir veri Excel paket programina
kaydedilmigtir. Daha sonra tiim veriler [0,1] arasinda Min — Max
normalizasyon yontemi kullanilarak 6lgeklendirilmistir [24]. Normalizasyon,
YSA modelinin ag girisi ve ¢ikiglarma bazi 6n isleme adimlarmnin
uygulanmasiyla, YSA’ya sunulan verilerin daha verimli hale getirilmesi
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islemini ifade etmektedir. Kaydedilen bazi veriler ve normalizasyon iglemi
sonucunda elde edilen bazi veriler Tablo-1’de verilmistir.

Tablo-1: Santrale ait bazi Giinlikk Ortalama Nispi Nem (%),Giinliik Ortalama
Sicaklik (°C), Giinliik Toplam Global Giines Radyasyonu (kwsaat+m?)
verileri ve normalize edilmis veriler

Giinliik - - tnli tnlii

Ginlik | Toplam Ginlilk | Ganlilk '?:;Il:; Ggll'iuk

ort. | Global | O |t Global | Nispi
. Nispi | sicaklik . P
) L sicaklik | giines Nem Norm Glines Nem Uretim
Tarih Uretim rad. ) RadNorm | Norm. Norm.
MWH °C | kWh/m? % °C kWh/m? % MWh
01.01.18 9 6,4 0,8 83 |0,297003 | 0,082353 | 0,83193 | 0,14090
2.01.18 39 4,6 2,6 60,2 | -0,75204 | 0,294118 |0,55822 | 0,61964
3.01.18 31 2,5 2,3 71,2 | 0,06812 0,258824 | 0,69027 | 0,48813
4.01.18 7 4,9 0,6 75,4 | 0,86649 0,058824 | 0,74069 | 0,11542
5.01.18 18 5 0,3 78,4 | 0,135497 | 0,023529 |0,77671 | 0,28864
6.01.18 41 53 2,7 70,5 | 0,144414 | 0,305882 | 0,68187 | 0,64480
7.01.18 43 43 2,9 70,310,117166 | 0,329412 |0,67947 | 0,67791
8.01.18 43 31 2,8 72,110,084469 |0,317647 |0,70108 | 0,68333
9.1.18 39 2,7 2,7 71,1 0,073569 | 0,305882 |0,68907 | 0,62808
10.01.18 32 4,1 2,9 56,6 | 0,111717 | 0,329412 | 0,51500 | 0,50406
1.12.19 4 9,5 0,5 90 |0,258856 | 0,047059 |0,91596 | 0,06368
2.12.19 23 6,9 1,6 80 |0,188011 |0,176471 |0,79591 | 0,36618
3.12.19 35 37 2,7 64 |0,100817 | 0,305882 | 0,60384 |0,55723
4.12.19 21 2,8 1,8 77,8 | 0,076294 0,2 |0,76950 |0,33434
5.12.19 2 3,7 0,3 87,21 0,100817 | 0,023529 |0,88235 | 0,03184
6.12.19 6 3,8 0,7 92,6 | 0,103542 | 0,070588 |0,94717 | 0,09552
7.12.19 35 37 25 81,7 | 0,100817 | 0,282353 |0,81632 | 0,55723
8.12.19 12 31 11 80 |0,084469 |0,117647 |0,79591 | 0,19105
9.12.19 18 3,2 18 75 |0,087193 0,2 |0,73589 | 0,28657
10.12.19 4 53 0,5 78,1 0,144414 | 0,047059 |0,77310 | 0,06368

4. Bulgular

Gilines enerjisi potansiyeli tahmini yapmak i¢in YSA modelini
olusturduktan sonra egitim ve test siirecine geg¢ilmistir. YSA modelinde girdi
olarak ii¢ tane meteorolojik parametre (Gilinlik Ortalama Nispi Nem
(%),Glinliikk Ortalama Sicaklik (°C), Giinlik Toplam Global Giines
Radyasyonu (kWh/m?)) girilmis GES’in iiretim verileri tahmin edilmistir.

YSA parametreleri (egitim fonksiyonu, gizli transfer fonksiyonu, gizli
katmandaki néron sayilari, ¢ikti fonksiyonu gibi) degistirilerek pek c¢ok
model denenmis ve en uygun model bulunmaya ¢alisilmustir. ileri beslemeli
geri yayihm (feed-forward-backrop) algoritmasi, learngdm G6grenme
fonksiyonu ve olusturulan veri setlerinin egitilmesi amaciyla Levenberg
Marquand (trainlm) egitim algoritmasi, aktivasyon fonksiyonu olarak ta
tanjant  sigmoid  fonksiyonu (tansig) kullanilarak YSA  modeli
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olusturulmustur. Tasarlanan YSA modeli 1000 iterasyon yapilarak
egitilmistir. “0” hata le-7 gradient degeri kullanilmigtir. Tasarlanan sistemin
modeli Sekil 5’te verilmistir.

Hidden Layer OQutputlLayer

Sekil 5.Tasarlanan YSA Modeli

Caliymadan elde edilen sonuclarn degerlendirilmesinde iki adet
degerlendirme indeksi kullanilmistir. Bunlardan biri; Ortalama Hata Karesi
(MSE) ve elde edilen tahmin degerleri ile gerceklesen iiretim degerleri
arasindaki iligkiyi veren Korelasyon Katsayis1 (R)’dir [25]. R ve MSE
hesabinda kullanilan denklemler Esitlik 3 ve Esitlik 4’de verilmistir.

2(x-X)(y-y)
R =—"—r— 3
VIE-D)2L(-y)? 3)
1 — \2
MSE = ;Z?:l(}/i - Yl) 4

Burada, y gercek veriyi ve y parametreleri tahmin edilen degerlerini
gostermektedir. R? 0-1 arasinda de@isen degerler almaktadir. Bu degerin 1’e
yaklagmas1 modelden hesaplanan degerler ile gergekte olclilen RES iiretim
degerleri arasindaki iliskinin giiglii oldugu anlamma gelmektedir. R? degeri
1’e ne kadar yakinsa model o kadar hassas demektir [26].

Modelleme performans gosteriminde gercekte olmasi gerekli ¢ikigla YSA
¢ikiginin karsilastirilmast sonucu test egitim ve dogrulama verileriyle birlikte
tiim data sonuglarinin regresyon egrileri Sekil 6’da verilmektedir. Sonuglara
bakildiginda, biitin veriler icin regresyon degerlerinin 1’¢ yakm oldugu
goriilmektedir. YSA model ¢ikis degerlerinin gercek verilere ¢ok yakin
degerler oldugu tespit edilmistir. Onerilen modelin performans: yani
Ortalama Hata Karesi (MSE) degeri 0.00908 bulunmustur.
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Sekil 6. Test, egitim ve dogrulama verilerinin ve tiim datanin sonuglarina
ait regresyon egrileri

Bu siiregler sonucunda elde edilen egitilmis YSA’nin performansini test
etmek amaciyla Ocak 2018 yilina ait bazi liretim verileri ile YSA nin iirettigi
tahmin verileri karsilagtirilarak Tablo 2’de verilmistir. Tahmin edilen
degerlerin gercek degerlere ¢ok yakin degerler aldig1 goriilmiistiir.

Tablo 2. Santrale ait bazi liretim degerleri ve YSA tarafindan tahmin
edilen degerler

Tarih Uretim Norm. YSA Tahmini
Normalize
01.01.2018 0,14090113 0,10710588
02.01.2018 0,619646553 0,65391958
03.01.2018 0,488138831 0,40894876
04.01.2018 0,11542748 0,10214875
05.01.2018 0,288648304 0,0985242
06.01.2018 0,644801783 0,47253841
07.01.2018 0,677917529 0,52993253
08.01.2018 0,68333068 0,52043956
09.01.2018 0,6280847 0,50396666
10.01.2018 0,504059863 0,53902169
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5. Sonuc ve Oneriler

Bu calismada Elazig ili Sahinkaya Mevkiinde bulunan 8 MW Kurulu
glici olan gilines enerji santralinin {iretim degerleri tahmin edilmeye
calisilmistir. Giines enerjisi potansiyeli tahmini yapmak i¢in YSA modeli
tasarlandiktan sonra egitim ve test asamasina geg¢ilmistir. YSA modelinde
girdi olarak {i¢ tane meteorolojik parametre (Giinlik Ortalama Nispi Nem
(%),Glinliik Ortalama Sicaklik (°C), Giinlik Toplam Global Giines
Radyasyonu (kwsaat/m?)) kullanilarak GES’in {iretim verileri tahmin
edilmigtir. Test sonuglarma bakildiginda, modelin yaptig1 tahminlerin
giivenilir ve tutarli oldugu tespit edilmistir. Ger¢ekte olmasi gereken ¢ikisla
YSA c¢ikiginin karsilagtirilmast sonucu test, egitim ve dogrulama verileriyle
birlikte tiim datanin sonuglarinin regresyon degerleri 1’e yakin ¢ikmistir. Bu
degerlerin 1’e¢ yakin ¢ikmasi tasarlanan modelin basarili oldugunu
gostermektedir. Farkli jeolojik konumda bulunan santrallerin veya diger
enerji tiiriindeki santrallerin iiretim verileri ayn1 yontemle hesaplanabilir.
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1. Introduction

After the discovery of "graphene”, a wonderful material in 2004, the
studies on graphene-based composites have gained momentum. Graphene is
utilized for developing the electrical, mechanical, thermal, and gas barrier
features of the polymers by dispersing adequetly within the matrix. The
graphene adding to the polymer matrices enables superior optical/photonic
transportation, fluorescence quenching, anisotropic transport, and low
permeability [1]. The key points of polymer based composites design are the
aspect ratio of the filler material and the nature of interface between the
matrix and graphene. Although there are many fillers for polymer matrices,
graphene is promising material thanks to its parallel physical properties and
low-cost production comparing to carbon nanotubes (CNTS) [2].

As the synthetic polymers are generally obtained from petroleum and are
not able to degrade biologically at nature, they build a negative effect on the
environment. Instead of the synthetic polymers, natural polymers are used.
The widely used natural polymers are wool, cellulose, DNA, proteins, silk,
lipids, such as oils, fats, chitosan, lignin, polysaccharides, poly(lactic) acid.

The physiochemical properties of polymers such as densities,
conductivity, strength, transparency, ionizibility, hydrophobicity, tensile
strength, crystallinity, toughness, and degradability can be adjusted by tuning
the polymer matrices [3].

In order to enhance the features of polymers such as electrical
conductivity, a homogeneous dispersion of graphene in the polymer matrices
is obtained by providing the modification of surface of graphene. The
polarity of polymeric backbone affects the graphene distribution in the
polymer matrices. Due to the interactivities between the layers of graphene
and hydrophilic polymer chains, a hydrophilic polymer induce the layers of
graphene to cumulate.

Polymers are classified according to their chemical and physical
properties. The elastomers are highly stretchable thanks to the cross-linked
long chains in their structure [4,5]. On the contrary, epoxy resins include
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rigid and cross-linked segments, therefore their mechanical strength, hardness
and brittleness are extremely high. [6,7]. As thermoplastics are formed by
ordered domains such as crystalline, they are suitable for shaping, melting,
recycling and processing operations.

Kim et al. discussed melt- and solvent-based methods for dispersing or
thermally and chemically reduced graphene oxide into polymer materials [8].
Hu et al. proposed different fabrication methods suitable for effectually
integrating the powerful and pliable graphene-based constituents into
polymer matrices by use of strong and weak interfacial interactions present in
functional graphene layers [3].

In this review, we discussed the synthesis and characterization methods,
the properties and characteristics, and the application fields of
graphene/polymer nanocomposites.

2. The Synthesis Methods for Graphene/Polymer Nanocomposites

Numerous preparation methods has been introduced in previous studies,
solution compounding, melt blending, in situ polymerization are the most
significant ones among them.

2.1. Solution compounding

A solution compounding method is suitable for soluble and moldable
polymers, e.g, nafion [9], polyvinyl alcohol (PVA) [10,11], polyurethane
[12,13].

In this method, a polymer is dissolved in a specific solvent and mixed
with graphene or its derivatives without using any compatibilizers. After
obtaining the complete mixing, the used solvent is vaporized. In solution
compounding method, polymer covers the graphene layers. While the
evaporation of the solvent, the graphene layers are reunited and overlapped
the polymer to build the nanocomposite.

The electrical conductivity of synthesized composites have higher than
the synthesized composites via the melt mixing method [14]. Jiang et al.
synthesized graphene/polyvinyl alcohol nanocomposites via solution
compounding method. Obtained products have improved thermal and
mechanical properties than the raw polymer [15].

2.2. Melt Blending

Melt blending process is an widely chosen technique for synthesizing
graphene/polymer nanocomposites. Thermoplastic polymers are more
suitable for this method. In this technique, the polymer material is melted and
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then it is mixed with the specified amount of the graphene by using an
extruder under the inert atmosphere. This technique has some advantages
over the other methods such as solution compounding and in-situ
polymerization method. These advantages are being environmentally friendly
due to use of organic solvents, low-cost, suitable for scale-up [16].

Kadar et al. developed a new three dimensional hierarchical synthesis
method for graphene/polymer nanocomposites by easy melt mixing method,
that presents an industrially suitable and scalable way [17]. The synthesized
graphene nanocomposites that including an electrical percolation threshold
which equals to 0.94 wt% akin to graphene/polymer nanocomposites which
is obtained by solution mixing.

Vickery et al. synthesized macroscopic sponge-like graphene/polymer
(polystyrene sulfonate) scaffolds via direct freze casting and produced hollow
graphenes on positively charged polymer (polystyrene sulfonate) beads by
assemblying electrostatically induction [18].

Liu et al. developed an efficient technique for simple preparation of
graphene/polymer composites from graphite on an amphiphilic block
copolymer  (poly(pyrenemethyl  acrylate)-b-poly[(polyethylene  glycol)
acrylate] (polyPA-b-polyPEG-A)) matrix in both aqueous and organic
medium via the help of sound energy [19]. They prepared thin films of
graphene/polymer nanocomposites by filtering of graphene dispersion under
vacuum including mixed cellulose ester membrane.

2.3 In situ polymerization

In in-situ polymerization method, graphene is enlarged in the liquid
monomer. The appropriate initiator is diffused into the swollen graphene into
polymer monomer, then polymerization starts by applying heat or radiation
[20].

In-situ polymerization is used to produce polymer brushes on two sides of
the graphene in order to form sandwich-type shaped graphene/polymer
composites, where the layers of polymers are over the each side of graphene
sheets [21].

Graphene tends to aggregate and represent poor solubility. These
properties limit the application of this method. During the oxidant addition, it
should be pay attention for preventing the agglomeration of chemically
converted graphene [22].

57



International Studies on Natural and Engineering Sciences Chapter 3

3. The Characterization Methods of Synthesized Graphene/Polymer
Composites

Atomic Force Microscopy (AFM) analysis is done for revealing the
thickness of the synthesized graphene/polymer composites. Liu et al.
benefited from AFM analysis for measuring the thickness of the synthesized
graphene- Poly(2-(dimethylamino) ethyl acrylate) (PDMAEA) [23].

The bond structure of synthesized graphene/polymer composites are
identified by Fourier Transform Infrared (FTIR) Spectroscopy. Gu and
Carpentier evaluated the reduction of graphene oxide and surface coating by
polydopamine (PDA) by means of FTIR [24].

In Zhao et al.’s study, they observed that most of the graphene oxide
sheets are cleavaged and completely dispersed in the polyvinyl alcohol
matrix via Field Emission Scanning Electron Microscopy (FESEM) [25].

The electrical conductivity of synthesized graphene/polymer composites
was also determined. It is understood from Liu et al.’s study, the larger
polyPEG-A fragments causes the higher resistance and lower electrical
conductivity for the prepared composites [19].

4. The Application Fields of Graphene/Polymer nanocomposites

Graphene/polymer nanocomposites are functional materials which having
the usage area ranging from transportion, biomedical industry, memory chips,
optoelectronics, sensors, electrodes for solar cells and electromagnetic
interference shielding as summarized in Figure 1[26,27].

- " . Sensors
ElectronicDevices
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1. Dye Sensitized Solar Cell = %
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3. Field Emission Devices "
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Energy Storage
1. Li-lon Battery
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Figure 1. Applications of graphene-assembled polymer composites [28].
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4.1 Fuel cells

Graphene is used as catalyst support for the reduction of oxygen and the
oxidation of methanol and has functions as counter and window electrode in
fuel cell [29,30].

Graphene added polymers such as poly (styrene sulphonate), poly (3,4-
ethylenedioxythiophene), and poly(3-hexylthiophene) have presented much
better consumption of power yield of 4.5 % comparing with the ordered
polymer counter electrode (2.3 %) [31].

4.2 Sensors

Sensors can be synthesized the assembly of nanofiller and conducting
polymers. The produced sensors can be used in various applications (Table 1)
for detecting temperature, pressure, strain sensors, pH thanks to their high
electrical conductivities. Graphene nanoripple was synthesized in order to
build extremely supersensitive sensors by doping graphene stripes onto the
prestrained substrate of polymer [32].

Table 1. Graphene/polymer composites for biosensors applications

Sensor type Graphene/polymer composite Ref.

Temperature Graphene/ZnO/PVDF 33

Hemoglobin TPP/HPCD-GO 34

Glucose Graphene/GOD/PEI 35
Graphene/CHI/GOD 36
GOD/graphene/Pt/CHI 37

Adenine and Guanine | Graphene/GC/Nafion 38

Uric acid CHI/Graphene 39

Thrombonodulin Graphene/Nafion/Pt-Pt oxide 40

(related to  tumor

progression or

metastasis)

Cancer cells PTCA/Graphene 41,42
PET/Graphene

Abbreviations: HPCD, hydroxypropyl-b-cyclo-dextrin; ZnO, zinc oxide;
PVDF, poly(vinylidene fluoride); GOD, glucose oxidase; TPP, tetra-phenyl-
porphyrin; PTCA, perylene tetracarboxylic acid
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4.3 Gas Barriers

Graphene and graphene oxide derivaties are utilized as filler materials in
gas barrier of polymer nanocomposites. Cui et al. studied on the usage of
graphene in different polymer matrices by applying solution and melt mixing,
in situ polymerization and layer-by layer techniques [43].

4.4 Photovoltaic cells

Photovoltaic cells can be clean, renewable and enviromentally friendly
alternative for the increasing global energy demand due to the decreasing
resources of highly air pollutant fossil fuels. The nearly %90 of photovoltaic
cells that are currently presented at market are heavily based on silicon (Si)
as semiconductor material as its conversion efficiency around 18-24%. On
the other hand, its drawbacks are being expensive and limitedly available.
Graphene/polymer nanocomposites are used for manufacturing of dye-
sensitized solar cells thanks to its superior electrical conductivity, optical
transparency, and carrier mobility [44,45].

5. Conclusion

Graphene/polymer nanocomposites are promising materials that are used
in many application fields. They provide solutions to enviromental problems
that humankind will face in near future such as green energy, pure water,
fresh air.
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1. Giris

Son yillarda kiiresel anlamda iklimde meydana gelen degisimler, ozon
tabakasindaki yirtigin artmasi ve sel, firtina gibi iklim kaynakli dogal
afetlerin olugmasi dikkatleri iklim degisikligi konusuna dondiirmiistiir.

Iklim, “yeryiiziiniin herhangi bir yerinde uzun yillar boyunca yasanan ya
da gozlenen tiim hava kosullarmin ortalama durumu” olarak ifade
edilmektedir (Tiirkes 1997). iklim sistemi, atmosfer, kara yiizeyleri, kar ve
buz, okyanuslar ve diger su kiitleleri ile canlilar1 kapsayan karmagik ve
etkilesimli bir sistemdir. Giines radyasyonu, iklim sisteminin gii¢ kaynagidir.
Yerkiire’nin radyasyon dengesini etkileyen, dolayisiyla Sekil 1’de de
gorildiigii tizere iklimi degistiren “ii¢ temel neden” bulunmaktadir (MGM
2014a):

1. Gelen giines radyasyonundaki degisiklikler (giinesin kendisindeki ya
da Yerkiire nin yoriingesindeki degisikliklere bagli olarak),

2. Giines radyasyonunun yansitilan kismindaki degisiklikler (bu kisim
albedo olarak adlandirilmaktadir ve bulut Ortiisii, aerosoller denilen
kiigiik parcaciklar ya da arazi ortiisiindeki degisikliklere bagli olarak
degisebilmektedir),

3. Yerkiireden uzaya geri gonderilen uzun dalgali radyasyondaki
degisiklikler (sera gazi salmimlarmm atmosferdeki birikimlerine
bagli olarak). Bunlarm yani sira, riizgarlar ve okyanus akimntilarmin,
Yerkiire yiizeyi iizerindeki 1s1 dagiliminda oynadiklar1 rol nedeniyle
iklim tizerinde 6nemli etkileri bulunmaktadir.
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Bugiin diinya, sanayilesme ve sehirlesmenin yaninda artan niifusun
ihtiyaglarmin karsilanmasi noktasinda, bitkisel ve hayvansal tiretimi artirmak
icin kullanilan teknolojik ve kimyasal uygulamalarin yarattigir kiiresel
1sinmaya bagl iklim degisikligi ile de kars1 karstyadir. IPCC (2007) raporuna
gore 20.yiizyilin ortasindan beri kiiresel sicaklik ortalamalarinda gdzlenen
artisin nedeni; %90°dan fazla oranda sera gazi emisyonlarinda ki artigtan yani
insanlardan kaynaklidir. Diinyay1 tehdit eden bu sorunlarin yaratmis oldugu
olaylar, heniiz tam anlamiyla anlasilamamis olmakla birlikte, ekonomik,
ekolojik ve sosyolojik sorunlar1 da beraberinde getirmesi kagmilmaz
gortiinmektedir (Demir ve Cevger, 2007).

Gelismekte olan {ilkelerdeki yaklasik 2.5 milyar insanmn geg¢imlerini
tarimdan kazandiklar1 diisiiniildiigiinde iklim degisikliginin insan refahi ve
tarimsal iiretimi ne oranda tehdit edecegi agik bir sekilde goriilmektedir.
Tarimsal faaliyetler sonucunda (enerji tiikketimi, bitkisel ve hayvansal iiretim,
giibreleme, ilag¢ kullanimi vb.) meydana gelen CO2, CH4 ve N20O gibi sera
gazlar1 iklim degisikliginin nedenleri arasinda sayilmaktadir (Akalin, 2014).
Ayrica su buhari diizeyinin atmosferde artmasi da kiiresel 1sinmaya neden
olan bir diger faktor olarak goriilmektedir. Dogal olarak iiretilen bu gazlar
atmosfere zararl bir etkisi olmasinin aksine atmosferde diinyadan uzaklasan
bir kisim 1smin tutulmasina ve diinyada hayatin siirdiiriilebilmesine olanak
saglamaktadir.

Iklim degisikligi bolgeden bolgeye degisiklik gdstererek basta tarm
olmak iizere birgok sektorii etkilemektedir. Ornegin tarimda gerekli olan
mevsimsel ongoriilebilirlik azalabilecegi gibi seller kasirgalar ve firtinalarla
tarim alanlar1 zarar gorebilir. Ayrica bolgelerde goriilebilecek uzun siireli
kurakliklar ve su sikitisi ile karsi karsiya kalinmasi halinde mevsimsel hava
desen Ongoriilebilirligi azalir ve sonucunda seller, kasirgalar ve firtinalar gibi
siddetli hava olaylarinin siklig1 ve siddeti artabilir. Bazi bolgelerde uzun
stireli kuraklik ve su sikintisiyla karsgi karsiya kalmmast beklenmektedir.
Bunun yaninda artan sicakliklar sonucu hasere ve salgin hastaliklarm artmasi
da beklenebilir (FAO 2011). Degisen iklim kosullar1 ile beraber bitki
cesitliliginde de %20-30 azalma olmas1 da tahmin edilmektedir.

68



International Studies on Natural and Engineering Sciences Chapter 4

Genel olarak bu etkiler birkag grupta incelenirse (FAO 2011);

a)

b)

d)

e)

Savunmasiz Topluluklar: Tklim degisikligi daglik, kurak ve kiy1
kesimi gibi riskli bolgelerde yasayan insan topluluklarmi daha ¢ok
etkileyecektir. Kronik toprak ve su kithgi olan bolgelerde kuraklik,
aclik ve yoksulluga daha fazla maruz kalinacagi beklenmektedir.
Ayrica CO, gecici olarak giibreleme etkisi gostererek tarim
tiriinlerinin yetistirilmesinde goreli bir iyilesme olsa dahi sonucta
tarim sektdriindekilerini yoksulluk ve aglik beklemektedir.

Bitkisel ve hayvansal iiretim: Artan sicakliklar ve degisen yagislar
yiiziinden daha sik ve yogun yagislar olmas: beklenmektedir. Bu da
bitkiler i¢in beslenme ve su ihtiyaglarinin yani sira toprak verimliligi,
sulama igin su temini, hastalik ve zararhlara karsi direnglerini de
etkileyecektir. Cayir ve meralarin kapasitelerinde olusan degisiklik
sonucu yem ihtiyaci ve yem kalitesi dogrudan etkilenecek dolayisi ile
hayvansal iiriin fiyatlarinda ciddi miktarlarda degisikler ve hayvansal
iiriin kazanglarinda diismeler goriilecektir.

Balik¢ihik ve su iiriinleri yetistiriciligi: Artan su sicakliklari, deniz
seviyesinin yilikselmesi ve deniz suyu pH’nin degismesi sonucu bazi
denizlerde birgok tiiriin yok olmasma sebep oldugu gibi deniz
tirlinlerinin miktarinda ve kalitesinde azalma olacagi beklenmektedir.

Ormanlar ve meralar: Isinan havalar, gece ile giindiiz arasinda
olusacak sicaklik farkliliklari, firtmalar. Bitkilerin vegetatif ve
generatif gelismeleri i¢in gerekli olan aligilmis mevsim desenlerinde
olusacak degisikliklerle, zararlilarin ve hastaliklarin siklig1 ve don gibi
uzun vadeli degisiklikler orman ve meralarda azalma ve bazi yerlerde
ise kuraklik sonucu bu alanlarin yok olmas1 beklenmektedir.

Diger Etkiler: Biyolojik cesitliligin azalmasi, arazilerin bozulmasi
sularm azalmasi sonucu bunlarla ilgili sorunlarin ortaya ¢ikmasi
beraberinde kirsal niifusun azalarak kentlere go¢ ve tiiketim
aliskanliklarinin  degigmesi beklenmektedir. Bu degisim sonrasi
talebin artmasi ve ekonomik biiyiime ile tarim, orman ve balik¢ilik
sektorlerinin iretimlerinin dogrudan etkilenmesi ve netice olarak gida
giivenligi ile ilgili problemlerin ortaya ¢ikmasi goriilebilecektir.

2. iklim Degisikligi ve Goc iliskisi

IPCC 2019 yilinda yaymladigi “1.5°C Kiiresel Isinma Ozel Raporu’nda”
(IPCC 2019) iklim degisikliginin olasi ciddi etkileri {izerinde durarak diinya,
insanlik ve tiim canllarm kars1 karsiya kalacagi olasi risklere dikkat

¢ekmistir. Raporun politikacilar 6zetinde, insan faaliyetleri, sanayi oncesi
doneme gore yaklagik 1.0°C’lik bir kiiresel 1sinmaya sebep oldugu tahmin
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edildigi ifade edilmistir (Sekil 2).
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Sekil 2. Kayitli meteorolojik verilere gore kiiresel yiizey sicakligmin
degisimi, [IPCC 2019

Bu artig hizi aymi sekilde devam ederse, kiiresel 1smmanin biiyiik
ihtimalle 2030 ile 2052 yillar1 arasinda 1.5°C’ye ulasacagi tahmin
edilmektedir. Raporda 1.5°C’lik bir artista, doga ve insanlar iizerindeki iklim
ile iligkin riskler i¢in simdikinden daha yiiksek olacagna vurgu yapilmistir.
Kiiresel 1sinmanin  doga ve insanlar {izerindeki etkileri simdiden
gbzlemlenmeye baslandigina dikkat ¢ekilmistir. Birgok karasal ve okyanus
sistemi ile bu sistemlerin sagladigi hizmetler halihazirda kiiresel 1smma
yiiziinden degistigi soylenmistir. Tklim modellerine gore, giiniimiiz ile 1.5°C
ve 1.5°C ile 2.0 °C artig arasinda, ¢ok kuvvetli degisiklikler olacagi ortaya
konulmaktadrr. Bu degisiklikler: karasal ortalama sicakliklar, insanlarin
yasam alanlarinda goriilen asir1 sicakliklar, bazi bdlgelerde kuraklik ve yagis
azlig1 ihtimallerinde biiyiik artiglar. 2100 yil1 itibari ile 1.5°C’lik senaryoda,
2.0°C’ye gore deniz seviyesinde 0.1 metre daha az yiikselecek, karasal, tatli
su, kiy1 sistemleri lizerinde etkiler daha az olacaktir (IPCC 2019).

Raporda saglik, yasam alanlari, gida glivenligi, su temini, insan giivenligi
ve ekonomik bilyiime tzerindeki iklim riskleri, 1.5°C’de yiikselecegi
sOylenmistir. Emisyon model patikalari, 1.5°C sinrin1 gegmemek igin,
kiiresel net insan kaynakli C02 emisyonlarmmim 2010 yilina gére 2030 yilinda
yiizde 45 azaltilmasi ve 2050 yilinda net sifir emisyona ulagsmasi gerektigini
ortaya koymaktadir. Ayn1 zamanda birgok model 2.0°C sinirin1 gegmemek
icin, 2030°da 2010 yilina gore, en az yiizde 20 azaltilmasi ve 2070 yilinda net
sifir emisyona gerektigini gostermektedir. Kiiresel 1stnmanin 1,5°C dereceyle
sinirlanmasi igin toprak, enerji, sanayi, bina, ulagim ve sehirlerde hizli ve
genis kapsamli doniisiimler gerekmekte, siirdiiriilebilir kalkinma, kiiresel
isinmay1l 1,5°C’de smirlandirmak igin gerekli olan temel toplumsal ve
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sistemsel doniisiimii desteklemekte, genellikle miimkiin kilmaktadir (IPCC
2019 ve https://www.birbucukderece.com/).

Degisen ortamlar veya sel ve firtmalar gibi felaketler yiizyillardir insan
yerlesimlerini ve hareketlerini gesitli sekillerde etkilemektedir. Cevresel
degisim gibi insan hareketliligi de eski bir fenomendir ancak g¢evrenin
kademeli olarak bozulmasi ile baglantilar1 ve iklim degisikligi genellikle tam
olarak anlagilamamistir.

Bu tiir hareketlerin ¢oklu faktorleri, ilgili metodolojik zorluklar ve veri
toplama standartlarmin eksikligi g6z oniine alindiginda ¢evresel gocii 6lgmek
zordur. Kuraklik veya deniz seviyesinin ylikselmesi gibi yavas baslayan
gevresel siirecler nedeniyle gog¢ igin, mevcut verilerin ¢ogu niteldir ve az
sayida kargilagtirmali ¢alisma ile vaka caligmalarma dayanmaktadir. Veri
bosluklar1 devam ederken, arastirma ydntemleri siirekli olarak
gelistirilmektedir.

Gog, cevresel ve iklim degisiklikleri baglaminda {i¢ temel terim onemlidir
(Migration Data Portal, 2020):

Cevresel gogmenler : “Agirlikli olarak ¢evrede yasamlarini veya yasam
kosullarin1 olumsuz etkileyen ani veya ilerici degisikliklerin nedenlerinden
otiirli, gegici evlerini terk etmek veya gegici olarak veya ve kendi {ilkelerinde
veya yurtdiginda hareket edenler.” (IOM 2011, IOM 2014).

Cevresel olarak yerinden olmus kisi: “Ikamet ettikleri iilke icinde
yerinden edilmis veya uluslararasi bir smir1 gegmis ve cevresel bozulma,
bozulma veya yikim, tek basma olmasa da, yerinden edilmelerinin dnemli bir
nedeni olan kisiler” anlamina gelmektedir (IOM 2011, IOM 2014). Bu
kavramla iligkili olan afet deplasman terimi; insanlar arasinda veya dogal
tehlikeler tarafindan tetiklenen afet zararlarini 6nlemek amaciyla bir sonucu
olarak, ozellikle de evlerini veya siirekli yasamakta olduklar1 yerlerden
ayrilmak zorunda ya zorundadirlar durumlara isaret eder. Bu tiir yer
degistirme, kendiliginden ugus veya yetkililer tarafindan emredilen veya
uygulanan bir tahliye seklinde iilke i¢inde veya uluslararas: smirlar 6tesinde
gerceklesebilir. olabilir.“ (The Nansen Initiative 2015).

Planlanan yer degistirme, gecim kaynaklari: Baska bir yerde yeniden
inga edilen kisileri ifade eder (IOM 2014). Digerleri planl yer degistirmeyi
yalnizca bir toplulugun kolektif hareketine, bir toplulugun (ya da onun
onemli bir boliimiinii) bir yerden digerine kalici (ya da uzun vadeli)
hareketine atifta bulunarak tanimladi. Toplumsal yapilari, yasal ve siyasi
sistemleri, kiiltlirel ozellikleri ve diinya goriisleri de dahil olmak {izere
topluluk korunur: topluluk, varis noktasinda, mense topluluguna benzer bir
sosyal formda bir arada kalir ” (Campbell, 2010). iklim ve g¢evresel degisim
baglaminda zorunlu gogle ilgili olarak “iklim miiltecileri” terimi siklikla
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kullanilmasina ragmen, 1951 Miilteci Sozlesmesi gevresel faktorleri bir
miilteciyi tanimlamak igin kriterler olarak kabul etmedigi i¢in bu yasal olarak
gecerli bir terim degildir.

Genel olarak, ¢evre ve iklim degisikligi hakkindaki mevcut veriler de
mevcut go¢ verilerinden ¢ok daha kapsamlidir (Flavell vd. 2020). Veri
bosluklar1 devam ederken arastirma yontemleri son on yilda karsilagtirmali
caligmalar, ajan tabanli modelleme, sicak noktalarin tanimlanmasi ve diger
yenilik¢i yaklagimlar da dahil olmak tizere 6nemli ilerlemeler kaydetmistir.
Deprem gibi afetlerden sonra yerlerinden olan niifuslarin yerlerini izlemek
icin cep telefonu verilerinin kullanilmas: bu yenilik¢i yaklasima bir 6rnektir
(Flavell vd. 2020).

Moda tuza@i: Politika yapicilar “lzerine bir sayr koymayr” ve
tahminlerde bulunmay: severler. Ancak ¢evresel ve iklim degisikligi
baglaminda insan hareketliliginin 6l¢iilmesi zordur. Bu, 6zellikle metodolojik
kusurlar nedeniyle elestirilen ve en iyi ihtimalle tahminler olarak kabul
edilebilecek gelecekteki hareketlerin tahminleri i¢in gegerlidir (Flavell vd.
2020). Gelecegin farkli senaryolarinda 6ngoriilen deniz seviyesindeki artigtan
dolay1 risk altinda olacak popiilasyonlar gibi risk altindaki niifus
projeksiyonlari daha az tartismalidir. Ornegin Diinya Bankasi tarafindan daha
yakin tarihli bir projeksiyon (Rigaud vd. 2018) 2050 yilma kadar ii¢ diinya
bolgesinde i¢ iklim degisikligine bagli niifus hareketlerini tahmin etmek i¢in
bir yer¢ekimi modeli kullanmaktadir (Rigaud vd. 2018).

Olast risklere karsi onleme ve hazirlik, ani baglayan felaketlere karsi
dayaniklilig1 artirabilir ve yerinden edilmenin savunmasiz popiilasyonlar
tizerindeki etkilerini hafifletebilir. Tek felaket olaylarmi iklim degisikligine
atfetmek mimkiin olmasa da, bilim adamlar1 arasinda iklim degisikliginin
zaten daha sik ve yogun olaylara yol agtigi ve bu egilimin artacagina dair
yaygin bir kabul mevcuttur (IPCC 2019). Afet egilimli bolgelerde dngdriilen
niifus artig1 ile birlikte, afetler tarafindan yerinden edilme riski tasidigi
ongoriilen insan sayismin onemli Olgiide artmasi beklenmektedir (IDMC
2015). Ancak, afet riskini azaltma yaklasimlari, bircok durumda afet yer
degistirme riskini azaltabilir. Taski savunma sistemleri gibi fiziksel altyap1
etkili olabilir, ancak tagkin riski planlamasi gibi kentsel alanlarda kalkinmaya
yonelik bolgesel kisitlamalar drnek teskil etmekle birlikte, arazi kullanim
planlamasi gibi fiziksel olmayan onlemler de &nemli olabilir. Tabii ki,
genellikle maliyet kisitlamalar1 veya diizensiz politikalarin uygulanmasi ile
baglantili olan bu yaklagimlarin etkililiginde sinirlamalar vardir ve afetlerin
yerinden edilmeleri devam edecektir. Bununla birlikte, yerinden edilme
hicbir zaman istenen bir sonu¢ olmamakla birlikte, yerinden edilme
sayilarmin kendi baslarina afetlerle ilgili olarak niifus kirilganlig: i¢in ¢ok
acik ve yetersiz bir vekil oldugunu akilda tutmak onemlidir. Tehlikeden
uzaklasabilmek, giivenlik agigindan ziyade esneklige neden olabilir. Bu,
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ozellikle erken uyart sistemlerinin mevcut oldugu ve popiilasyonlarin
hazirlandig1r durumdur. Tahliye - iyi yonetildigi ve yeterince kaynaklandigi
zaman - felaketlerin maruz kalan ve ¢ogu zaman savunmasiz niifus
tizerindeki etkilerini azaltan bir yerinden etme bigimi olabilir.

Afet riskinin azaltilmasi olduk¢a mantikli bir yaklagim gibi goériinse de,
etkili uygulamayi desteklemek igin yeterli finansman hala c¢ok uzaktir.
Yerinden edilmenin azaltilmasi ve topluluklarin dayanikliligmm artirilmast,
sel, tropikal firtina veya kuraklik gibi tehlikelerin &nlenmesinden ve
insanlarin evlerini terk etmeye zorlanmasindan 6nce dnlemlerin almmasini
saglamak i¢in her diizeyde siyasi bagliliga ve liderlige ihtiya¢ duyacaktir.
Kiiltirel &zgiilliikklere ve hassas gruplarin ihtiyaglarma ozellikle dikkat
edilebilmelidir. lgili gruplarin planlama asamalarinin tiim asamalarina
entegre edilmesi, afetlere karsi olumsuz sonuglarmin azaltilmasinda
onemlidir. Ornegin, bazi baglamlarda, acil durumlarda kadmlarm uyarilma
olasilig1 daha diisiik olabilir veya yerinden edilme sonrasi ortamlarda
cinsiyete dayali siddet riskinde artigla karsilasabilir. Benzer sekilde,
goegmenler tahliye planlarinin daha az farkinda olabilir, destege daha az
erigebilir ve arkadaglarin ve aile aglarinin yerel destegine giivenemeyebilir.
Bu tiir gruplarin afet riskini azaltma politikalarina dahil edilmesi, etkilenen
tim niifuslar i¢in insan haklarmm korunmasinda anahtar olacaktir (Flavell
vd. 2020). Insan hareketliligi ve cevreye yavas baslayan degisiklikler
baglaminda kirilganhk arasindaki karmagik iliskinin, iklim degisikligi ve
gevresel bozulma tehdidi altindaki alanlarda artan niifus artiginin insan
hareketliligi lizerinde derin etkileri olmasi beklenmektedir. Deniz
seviyesindeki yiikselme, arazi bozulmasi ve ¢dllesme, hem yagamlar: hem de
gegim kaynaklarint tehdit eden yavas baslangichi siiregler arasindadir.
Asya'daki diisiik seviyeli ancak hizla biiyliyen mega sehirlerin 6ngoriilen
etkileri 6zel bir endise olarak vurgulanmigtir (FAO 2011). Bu artan etkiler
insan hareketliligini nasil etkileyecegi hakkinda ¢ok daha az sey
bilinmektedir, ¢linkii bunlarin ¢ogu ydnetisimin yani sira finansal ve insani
kapasitelere de baghdir (Flavell vd. 2020). Makro diizeyde, Hollanda gibi bir
iilke, insan hareketliligine herhangi bir etkisi olmadan veya birkag Ozel
toplulugun planli olarak taginmasi gibi sinirli etkilerle deniz seviyesindeki
yiikselmenin getirdigi zorluklari karsilayabilir.

Gog, yer degistirme ve planlanan yer degistirme, gelismekte olan
devletler gibi savunmasiz niifusu olan diigiik gelirli iilkelerde daha olasidir.
Bu genis makro diizeyli resim iginde, bazi topluluklarm, gruplarm, hane
halklarinin ve bireylerin ¢evresel degisime kars1 digerlerinden daha
savunmasiz olacagini da akilda tutmak 6nemlidir (Flavell vd. 2020). Bununla
birlikte, tam resim daha karmagiktir, daha iyi durumda olan aileler daha
planlanmis ve goniillii olarak go¢ bigimleriyle daha fazla direng kurabilirken,
daha savunmasiz hane halklar1 i¢in gd¢iin bir gereklilik olmasi daha olasidir
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ve bazi durumlarda olabilir giivenlik agiklarin1 daha da kotiilestirmektedir
(Warner vd., 2012).

Toplumsal huzursuzluk, yoksulluk, igsizlik ve sosyal adaletsizlik gibi
cesitli faktorlerden kaynaklanabilen bir olgudur. Olas1 birgok etkene ragmen,
2011 yilinda Kuzey Afrika ve Orta Dogu'daki siddet protestolarinin
zamanlamast ve 2008'deki onceki ayaklanmalar bu yillarda goriilen bolgesel
kurakliklar sonucu kiiresel gida fiyatlarindaki biiyiik zirvelere denk geldigi
goriilmektedir (Sekil 3).
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Sekil 3. Kiiresel gida fiyatlarindaki ani artislar, ayaklanmalar ve salginlar
sonucu Sliimler

Kaynak: Lagi vd. 2011

2019'un sonunda, sadece 2019'da degil, 6nceki yillarda da meydana gelen
felaketler nedeniyle 95 iilke ve bdlgede yaklagik 5,1 milyon insan go¢ etmek
zorunda kalmistir. (IMDC 2020). Ulke iginde yerinden olmus kisilerin sayist
en fazla olan {ilkeler Afganistan (1,2 milyon); Hindistan (590.000); Etiyopya
(390.000), Filipinler (364.000) ve Sudandir (272.000) (IMDC 2020).

2019'da yaklagik 2.000 felaket 140 iilke ve bdlgede 24,9 milyon kisiyi
iilke icinde gd¢ etmesini tetiklemis, Bu gd¢ olay1 2012'den beri kaydedilen en
yiksek rakamdir ve catisma ve siddet nedeniyle meydana gelen yer
degistirme sayisinin ii¢ katidir (IMDC 2020). Afet yer degistirmelerinin ¢ogu
Giiney Asya ile Dogu Asya ve Pasifik'teki tropikal firtmmalarin ve muson
yagmurlarmin bir sonucu olarak goriilmektedir. Dort tilke felaketten dolay1
17 milyondan fazla yeni iilke i¢inde yerinden olmus kisiyi agiklamistir.
Bunlar, Hindistan (5 milyon), Filipinler (4.1 milyon), Banglades (4.1 milyon)
ve Cin (4 milyon) olarak sdylenebilir (Tablo1).
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Tablo 1. Ulkelere gore 2019 yili iilke iginde yerinden olma rakamlar1 (IDMC

2020)
U?-Y()gll(z!*wer _.'_ropla'm deg?;iilyr:;Ie Ye n_i yer
. (Qaflgma ve U(Hfgtll( elre)r r (th@ma de?ﬂg{gg'”
Ulke siddet) ve siddet)
(O avatk | @TARIK 1 (1 0cak-31 | (1 0cak-31
iibanyla) ibanyla) Aralik 2019) | Aralik 2019)
1 Hindistan 470.000 590.000 19.000 5.018.000
2 Filipinler 182.000 364.000 183000 4.094.000
3 Banglades 427.000 88 520 4.086.000
4 Cin - 220 - 4.034.000
5 Amerika B.Dev. - 37 - 916.000
6 fran Islam Cumhuriyeti - 180.000 - 520.000
7 Mozambik 110.000 132.000 5300 506.000
8 Etiyopya 1.414.000 390.000 1052000 504.000
9 Somali 2.648.000 600 188000 479.000
10 | Endonezya 40.000 104.000 23 463.000

*Ulke icinde yerinden olan kisiler

Cevresel ve iklim degisikligi baglamindaki hareketliligin ¢ogunlugu,
afetlerin yer degistirmesi de dahil olmak iizere, daha fazla iilke smirlari
icinde gergeklesirken, bazi insanlar yurtdigina tagmmmak zorunda
kalmaktadir. Ancak afetler baglaminda sinir 6tesi hareket hakkindaki kiiresel
veriler smirlidir ve su ana kadar sadece birka¢ dikkate deger durum
incelenmistir (The Nansen Initiative 2015). Kuraklik veya deniz seviyesinin
yikkselmesi gibi yavas baglayan siiregler de insanlarin diinyadaki
hareketliligini giderek daha fazla etkilemektedir. Spesifik veriler mevcut
olmasa da, vaka c¢aligmalari mevcut arastirmalarla vurgulanmaktadir
(Foresight 2011, Ionesco vd. 2017). Diinyada ortaya c¢ikan ve farkli
nedensellikler tasiyan gocler tipolojilerine gore siniflandirilabilmektedir.
Ornegin; Ilik Bilben (2019) “Diinyadan Ornekler Isiginda Iklim Degisikligi
Kaynakli Gogleri Anlamak” baslikli makalesinde gogler iki ana baglik
halinde toplamistir. Bu ¢alismada da basliklarin ve bu konuda igeriklerin
olusturulmasinda, Ilik Bilben’in (2019) makalesinden yararlanilarak
smiflandirmaya gidilmistir.

2.1. Diinyadan Orneklerle iklim Degisikligi Kaynakh Gocler

Cin tarihinde, Zhou kabilelerinin ve MO 3550 ile 2200 yillar1 arasinda
Sar1 Nehir'in orta kesimlerinde onlari izleyen hanedanlarmn gelisimi, "Bes Yer
Degistirme" donemi olarak bilinir. Bu yer degistirmelerin ¢ogu, kuzey
bozkirindan gelen gogebe istilalarin ve isgallerin baskisiyla zorlanmis gibi
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goriinmesine ragmen, paleoiklimsel ¢aligmalar, Zhou kabilelerinin ve onlarin
ardil hanedanlarinin, bolgesel iklimin olduk¢a degisken ve istikrarsiz hale
geldigi Holosen iklimsel Optimum'un ¢okiisiinde gelistigini gostermektedir.
Gog ve yer degistirme, bu nedenle, siyasi ve askeri niyetler olmasina ragmen,
iklim olaylar1t Zhou kabilelerinin ve ardistk hanedanlarm  yer
degistirmelerinde dnemli bir rol oynamistir (Huang and Su 2009, p: 297 ve
Ilik Bilben, 2019) .

iklim degisikliginden kaynaklanan gocleri hizli ve ani olaylara bagh
gogler ve yavas ve kademeli olaylara bagli gogler olarak iki grupta incelemek
miimkiindiir. Kisa siirede hizli ve ani olugan olaylar kisa bir siirede ortaya
cikmakta ve kasirgalar, firtinalar, gibi katastrofik olaylardir. Bunlar
neticesinde altyap1 ve mallarda dnemli hasarlara neden olan afetler ve can
kayiplart meydana gelebilmektedir. Kuraklik, toprak bozulmasi, deniz
seviyesinin yiikkselmesi gibi yavas ve kademeli olaylarda hanelerin ilk uyum
adiminimn kalict yer degistirme seklinde ger¢eklesmedigi ve ¢6ziim yollarmin
bulundugu yapilan ¢aligmalarda ifade edilmektedir. (Ilik Bilben 2019). Bu
kapsamda ortaya konulan genel kategori agiklamalar1 yapilirken, daha 6nce
de belirtildigi gibi, [lik Bilben (2019) tarafindan yapilmis olan sistematikten
yararlanilmis ve farkli yorumlar eklenmistir.

2.1.1. Hizh ve ani gelisen iklim degisikligi etkilerine bagh olarak
gerceklesen gocler

2005-2014 yillar1 arasmda EM-DAT (Uluslararas1 Afetler Veritabant)
tarafindan kaydedilen yilda ortalama 335 hava durumu kaynakli felaket;
1995-2004 yillarma kiyasla %14'liik bir artiga tekabiil ederken, 1985-1994
yillar1 arasinda kaydedilen seviyenin neredeyse iki katina denk gelmektedir
(CRED, 2016, aktaran Ilik Bilben, 2019). 2017'de Dogu Asya ve Pasifik'te
kaydedilen yerinden edilmelerin ¢ogunu siddetli hava olaylar1 tetiklemistir.
Bolgenin diinyanin en ¢ok afete egilimli bolgesi oldugu diisiiniildiigiinde, bu
sagirtict degildir. Esasen tehlikelerin dogast ve yogunlugunun 6tesinde, bu
olaylarin artist ve dramatik rakamlara ulagmasmin altinda iki faktor
yatmaktadir. Bunlardan birisi ekonomik gelisme ve digeri ise gelismenin
akabinde kentsel niifusun %70 oraninda artmasidir (IDMC, 2018a 28).

a) Seller ile baglantih go¢ hareketleri

Bazi arastirmalara gore iklim degisikliginin etkisinin artmasi beraberinde
fazla sayida siddetli yagis hareketlerini de ortaya koymaktadir. Hava
olaylarinin dogrudan yikici etkileri yaninda dolayli olarak sel, kolera ve
dizanteri, sitma ve sar1 humma dahil olmak iizere vektor ve su kaynakl
hastaliklar prevalansini artrmaktadir. 2000 yilinda, CDRI Ulusal Meclise
yikict 2000 y1h selinin dolayl sonuglarinin agiklandigi raporda kirdan kente
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g0O¢l arttigina vurgu yapilmis ve bunlarin nedenleri irdelenmistir. Buna gore,
tasarruflarin azalmasi, saglikta diisiis, sermaye varliklarmin bozulmasi, artan
borgluluk, dogal kaynaklara artan bagimlilik, artan arazi satiglar1 ve
topraksizlik, derinlesen yoksullugu gogiin nedenleri arasinda ele almiglardir
(Oudry et al. 2016).

Birlesmis Milletler (BM) uluslararasi gogmen sayilarinin yaklagik 214
milyon insan veya diinya niifusunun %3,1'1 oldugunu tahmin ederken, 2009
Insani Gelisme Raporu 740 milyon insam veya diinya niifusunun yaklasik
%11,0'ini kendi ilkelerinden gb¢ etmis olarak tanimlamaktadir. Bu
goegmenlerden bazilari, sel gibi ani veya yavas baslangighh c¢evresel
degisiklikler nedeniyle yerlerinden olmustur. Bu durum Asya kitasindaki bazi
kiyilarda yer alan biiyiik sehirlerin iklim degisikligi nedeniyle gelecekte
yasanabilecek sel baskinlarina maruz kalacagindan, bu rakamlarm zamanla
artmasi tahmin edilmektedir (ADB 2012).

Yapilan tahminler ne yazik ki dogru sonuglar vermektedir. 2017 yilinda
Cin’de 3.077.800 niifus sellerden dolay1 yerinden olmustur. 2019 yilinda
Hindistan’da sellerden 6tiirii yerinden olan insan sayist 2.647.326 Kkisi
olmustur. Hindistan’da 2017 yilindan itibaren seller dolayisi ile yerinden olan
insan sayis1 5.983.343 kisi olmustur (Tablo 2).

Tablo 2. Ulkelere gore sellerle ilintili gog sayilar1 (IDMC 2020)

Ulke Adi 2017 2018 2019 Toplam

Hindistan 1.345.759 ]1.990.258 |2.647.326 |5.983.343

Cin 3.077.800 | 152.900 1.628.791 |4.859.491

Filipinler 976.305 271.645 966.581 2.214.531

Nijerya 120.000 604.896 155.011 879.907

Myanmar | 330.000 271.074 231.202 832.276

b) Firtinalar ve kasirgalar ile baglantih go¢ hareketleri

Kasirgalarin temel enerji kaynagi su buharidir. Kiiresel 1sinma bu
mekanizmay1 dogrudan etkileyerek kasirgalarin  sayisint  ve siddetini
arttirmaktadir. Yapilan ¢alismalarda sera gazlari ile artan sicakliklar
neticesinde ilave buharlagsmayla atmosfere daha fazla su buhan
eklenmektedir. Boylelikle daha sicak bir okyanusun kasirgalarn giiciinii
arttirabilecegi goriilmektedir (Gautier 2014, 299). 1995 ve 2016 yillart
arasinda, hava durumuyla ilgili en Oliimciil felaket tiirli olan firtnalar
242.000'den fazla insanin Oliimiine neden olmustur. "Bir olaym iklim
degisikligine atfedilebilir olup olmadigini belirlemek i¢in daha uzun bir
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zaman dilimi gerekli olsa da, mevcut olaylar dizisi, IPCC'nin kiiresel 1sinma
nedeniyle daha sik ve daha yogun asir1 hava olaylarinin meydana gelecegini
savunan tahminleriyle ortiigmektedir" (CRED, 2016; aktaran; Ilik Bilben,
2019).

Kasirgalar, fiziki yapilarda ve altyapida biiyiik 6lgekli yikima ve en
Oonemlisi insan yasaminin kaybma neden olma potansiyeline sahiptir.
Karayip havzasinda 1998 yilinda meydana gelen Mitch Kasirgast biiyiik
Oleekli yerinden olmalara ve bir dizi goge verilebilecek iyi bir ornektir. Mitch
Kasirgas1 2 milyon insami yerinden ederken, Mitch'i takip eden aylarda
%60'tan fazla artmistir. 2003 yilma kadar ABD G6¢menlik ve Vatandagliga
Kabul Hizmetleri, 6zel bir program kapsaminda yaklasik 150.000 Nikaragua
veya Honduras kokenli gogmene gegici koruma statiisii vermistir. (McLeman
and Hunter, 2010; aktaran; Ilik Bilben, 2019). Katrina'dan ¢ikan genel tablo,
bolgesel niifus sikinti ve onemli dlglide gegici yerinden edilmeyle karsi
karsiya kalirken, ortaya ¢ikan go¢ sonuglarinin rastgele olmadigidir. Bunun
yerine, ekonomik olarak dezavantajli veya marjinallestirilmis belirli sosyo-
ekonomik ve demografik gruplarin kalict olarak bagka yerlere yerlesme
olasilig1 daha yiiksektir. Bu marjinallestirmenin nedenleri, Orta Amerika'daki
Mitch'in yerinden edilmiglerinden oldugu gibi i¢ ¢atigmay1 igermese de, her
iki kasirga Ornegi de altta yatan sosyo-ekonomik kosullarin gé¢ sonuglari
tizerindeki 6nemli etkisini vurgulamaktadir (McLeman ve Hunter, 2010 -
Faist ve Schade, 2013). 250 kisinin Alaska'daki 2007 firtinast nedeniyle
yerinden edilmesinden sonra, yeniden yerlesim planlama siirecini baglatmak
icin kamu fonlar1 tahsis edilmistir (Afifi ve Jager 2010). 2017 yilinda
Filipinler, Amerika Birlesik Devletleri, Cin basta olmak tizere bir¢ok iilkede
kasirga ve firtina ile ilintili gbglerde rekorlar kirilmistir.2018 ve 2019 yilinda
bu sayilar gittikge artmistir. Filipinler’de 2019 yilinda kasirga ve firtina
nedeniyle 2.705.183 birey yerinden olmustur. (Tablo 3).

Tablo 3. Ulkelere gore firtina ve kasirgalarla baglantili gd¢ miktar1 (IDMC,

2020)

Ulke Ad1 2017 2018 2019 Toplam
Filipinler 1.449.839 | 3.430.721 | 2.705.183 |7.585.743
Cin 1.317.757 | 3.473.883 | 2.276.752 |7.068.392
Banglades 489.786 546 3.778.074 |4.268.406
Hindistan 235 684.926 2.306.823 |2.991.984
Amerika Birlesik

Devletleri 1.053.135 | 843.822 471.779 2.368.736
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2.1.2. Yavas ve kademeli gelisen iklim degisikliginden ortaya c¢ikan
gocler

Cevresel gog, yalnizca ani baslayan afetler tarafindan tetiklenmez, ayni
zamanda yavas baslayan ¢evresel degisikliklerden de kaynaklanir. Aslinda,
¢ollesme, yiikselen deniz seviyeleri, toprak erozyonu, dogal kaynaklarin
bozulmasi ve birgogu insan kaynakli olan giivenli igme veya sulama suyuna
erigim eksikligi gibi ¢evredeki kademeli degisiklikler nedeniyle yerinden
edilenlerin sayisi, ani afetler nedeniyle yerinden edilenlerden daha fazla
olabilir. EM-DAT raporunda (2009) agiklandig1 gibi, 1979'dan 2008'e kadar
ani baglayan afetler sonucunda 718 milyon kisi yerinden olmusken, 1,6
milyar kisi kuraklik nedeniyle yerinden olmustur. Gogiin itici giicleri ve
g0niilli mii yoksa zorunlu mu oldugu konusunda ¢ok fazla tartigma olmasina
ragmen, ¢evresel degisimin eski ¢caglardan beri oldugu gibi go¢ii ¢eken veya
iten faktorler arasinda sayilabilecegi agiktir (Gemenne et al. 2014). Olumsuz
cevresel olaylardan biri etkili olabilecegi gibi birkagi da ayni anda etki
edebilmektedir. MECLEP (Gég, Cevre ve Iklim Degisikligi: Politika igin
Kanit) Projesi kapsaminda incelenen alti {ilkeden besinde (Dominik
Cumhuriyeti, Haiti, Kenya, Papua Yeni Gine ve Vietnam) ortaya ¢ikan
etkiler ve gd¢ arasinda bir baglanti tespit edilmistir (Kelpsaite ve Mach
2015; Ik Bilben, 2019). Bu gocler bazi iilkelerde kirsaldan kente olurken;
bazilarmda ise yer degistirme ve/veya yeniden ikamet seklinde
olabilmektedir (Kelpsaite ve Mach 2015).

a) Deniz seviyesi yiikselmesine dayah gocler

Kuzey Yarimkiirede kendini gdsteren kar ortiisti ve buzullardaki erime ve
hacim kaybetme, buzul takkelerinin ise geri c¢ekilme egilimi devam
etmektedir. Ek olarak Antarktika buz kalkanmin daha fazla yagis nedeniyle
kiitle kazanmast beklenirken, Gronland buz kalkanmin kiitle kaybetmesi
beklenmektedir (Tiirkes 2008). Diisiik rakimli kiyr bolgelerinde yasayan en
fazla sayida insana ev sahipligi yapan diinyanin ilk 10 iilkesinden 8’1 Asya ve
Pasifik'te bulunmaktadir. Wheeler (2011)'in yaptig1 ¢alismada 2050 yilina
kadar Hindistan’da 37,2 milyon, Banglades’te 27 milyon, Cin’de 22,3
milyon, Endonezya’da 20,9 milyon, Filipinler’de 13,6 milyon, deniz seviyesi
yiikselmesi nedeni ile risk altinda goriilmektedir (ADB, 2012 p.25; aktaran
Ik Bilben 2019). Dasgupta (2007) tarafindan yapilan modellemede bu
caligmay1 desteklemektedir. Deniz  seviyesinin 5 metreye kadar
yikselmesinden dolayr Vietnam niifusunun %40’°a yakmmni etkilenecegi
tahmin edilmistir. Tayland, Kambogya, Filipinler, Endonezya gibi iilkelerin
niifuslariin ise en fazla %15 ‘inin bu olaydan etkilenecegi tahmin edilmistir
(ADB 2012, p.29). Oguz (2009) ¢aligmasinda “deniz seviyesi yiikselmesine
buz tabakasmin (permafrost) erimesi eklendiginde Alaska’nin bazi
bolimlerindeki sakinlerin Kuzey Amerika’min ilk iklim g6¢menleri

=9

olabilecegi” tahminini yapmustir.
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b) Artan sicakhiklar, kurakhik ve ¢ollesmeye dayah go¢ hareketliligi

Aragtirmacilarm  iklim degisikliginin kitlesel uluslararasi yerinden
edilmeyi tetikleme potansiyeli hakkinda dursalar da, bazi elde edilen verilerin
cevresel faktorlerin mutlaka sinir 6tesi harekete yol agmadigini gdstermistir.
Beklenilenin aksine, Afrika Boynuzu diye tabir edilen 8 iilkeden elde edilen
veriler, kaynaklarin baskilanmasi neticesinde kurakligin uluslararasi gogii
onemli dl¢iide azalttigni ve bunun yerine topluluklarin iilke i¢inde yerinden
olmaya zorlandigmni ortaya koymustur (IDMC 2017, RMMS 2017).

Kiiresel sicakliklarin yiikselmekte oldugu ve bunun iklim degisikligi
etkilerine iligkin tim degerlendirmeler olmakla birlikte, sicakligin yavas
artmasindan kaynaklanacak kayip ve hasar baglammda dikkate alinmasi
gereken farkli etkileri de s6z konusudur. Bunlar, yasam, gelir ve ge¢im
kaynaklar1 {izerindeki etkilerini igerir. Sicakliklar arttikga ekim ve mera
alanlar1 toprak neminin azalmasi nedeniyle verimsiz hale gelecektir. Ayrica
sicaklarin artmasi disinda yasanacak olan asirt sicakliklar da insan ve hayvan
yasamit i¢in ¢ok tehlikeli olabilecektir. Bu sekilde yillar iginde bu bdlgelerden
gd¢ olmasi kagmilmaz bir sonugtur (Stabinsky ve Hoffmaister, 2012).

Israil, Urdiin ve Suriye gibi Dogu Akdeniz iilkelerinde 2000'li yillarda
uzun siireli kuraklik yagsamustir. Yapilan iklim degisikligi modellerinde, Dogu
Akdeniz'de siddetli kurakliklarin sikligt ve siiresinde daha fazla artis
olacagint dngoriilmektedir (Weinthal et al. 2015, 294; Hoerling et al, 2012;
Evans 2009; Ilik Bilben, 2019). Suriye orneginde goriilecegi gibi, 2008
yilinda iilke i¢i gd¢ hareketleri ciddi sekilde ortaya c¢ikmaya basglamistir.
Gegim kaynaklarmm kaybolmasi ve yiyecek satin almak i¢in yeni gelir
arayist nedeniyle 40.000 ila 60.000 arasinda Suriyeli aile kurakliktan
etkilenen bolgeleri terk etmistir (IOM, 2009; Ilik Bilben, 2019).

Suriye’de bariscil protestolar olarak baglayan ve yozlagarak kanli bir
catismaya doniisen ilk olayin lizerinden yillar ge¢mesine ragmen olaylar
devam etmistir. Birlesmis Milletler Mart 2011- Temmuz 2013 tarihleri
arasinda 100.000'den fazla insanin 6ldiigiini tahmin etmistir. 9 milyondan
fazla insanmin iilke i¢i ve dis1 goge maruz kalmasi Suriye'yi iklim gogi
konusunda Onemli bir 6rnek haline getirmistir (GAR, 2015; Ilik Bilben,
2019). Suriye igerisinde kirsaldan sehirlere meydana gelen go¢ sonrasi
yasanan karigikliklar ve i¢ savas ele alindiginda politik ekonomik
sebeplerden disinda temelde yatan en 6nemli sebeplerden birinin kuraklik
oldugu goriilmektedir. Ayni sekilde Somali’de meydana gelen karigikliklart
da bu sekilde ele almak yanlis olmayacaktir (GAR 2011, GAR 2015, IDMC
2020). IDMC (2020) caligmasma gore 2017 yilinda Somali’de kuraklik
nedeniyle yerlerinden olan insan sayis1 891.857 kisi olmustur. 2019 yilinda
Etiyopya’da sadece kuraklik nedeniyle yerinden olan insan sayis1 130.957,
Hindistan’da bu say1 63.404 diir (Tablo 4).
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Tablo 4. Ulkelere gore kuraklik nedeniyle ilintili go¢ sayilar1 (IDMC 2020)

Ulke Ad1 2017 2018 2019 Toplam
Somali 891.857 248.509 59.645 1.200.011
Etiyopya 380.830 120.320 130.957 632.107
Afganistan - 371.318 4.154 375.472
Hindistan - - 63.404 63.404
Irak - 20.443 - 20.443

3. Sonug¢ Yerine

Birlesmis Milletler tarafindan 6zellikle kuraklik temelli iklim degisikligi
en biiyiik felaket olarak tanimlaniyor. Kuraklik yeryiiziine diisen yagisin
azalmast sonucu olugsmaktadir. Daha az yagis daha az gida, daha az gida ise
aclik demektir. Gliniimiizde diinyada temiz ve giivenilir gidadan mahrum
ciddi bir niifus yasamaktadir. Iklim degisikliginin etkisi ile bunun daha da
artacagi kaygisi herkeste olusmustur.

Iklim degisikliginin etkisi her gegen zamanda daha fazla hissedilmektedir.
Bu etki ¢ogu zaman ani hissedilebilir oldugu gibi, uzun yillar igerisinde de
hissedilmeden farkl1 sosyal boyutlarda ortaya ¢ikabilmektedir. Ulkeler, iklim
degisikliginin insan hareketliligi iizerindeki olumsuz etkilerini yeterince ele
almay1 daha fazla giindemlerine getirebilmelilerdir. Hem insan hareketliligine
dayali uyum saglama hem de firsatlarin kesigsen bir konu olarak diisiiniilmesi
tilkelerin politika {iretmeleri noktasinda 6nem arz etmektedir. Afet yonetimi,
insan haklari, ¢aligma standartlari, egitim, cinsiyet, saglik, siirdiirilebilir
kalkinma ve insani yardim gibi insan hareketliliginin politika planlamasina
entegre edilmesine yonelik pek ¢ok giris noktasi bulunmaktadir. Tiim bu
alanlarda c¢alisan hiikiimet ve diger aktorler, ¢evre ve iklim degisikligine agik
topluluklarin esnekligini artrmaya yardimer olunmasi, yasanilacak olumsuz
durumlar1 bir nebzede olsa engelleyebilecektir. Topluluklarm planlanan
yerlerinin degistirilmesi, ekonomik, sosyal ve kiiltiire] maliyetler nedeniyle
yalnizca son ¢are olarak diistiniilmelidir.

Kiiresel iklim finansmani mekanizmalarinin veya fonlarmm cogunun
insan hareketliligi sorunlarina agik ¢ok az 6zel bileseni veya akist vardir.
Ancak, iklim krizinden ve felaketlerden en fazla etkilenen iilkeler, biiyiik
olasilikla etkileri ele alacak en az kaynaga sahip iilkelerdir. Dolayisiyla
uluslararasi toplum, ilgili programlarin planlanmasi ve uygulanmasinda
destek saglamak i¢in ortak fakat farkli bir sorumluluga sahiptir.

iklim gogii politikalarmi desteklemek icin giivenilir kanitlara ihtiyag
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duyuldugundan, politika yapicilarin dikkati i¢in iklim goci ile ilgili veri
boyutu dikkatle ele alinmalidir. Bundan dolay1 basta go¢ olmak iizere farkli
sosyal boyutlart igerecek sekilde verilerin diizenlenmesi Onemlidir.
Dezavantajli gruplarin iklim degisikligine kars: etkilerinin incelenebilmesi
icin cinsiyet ve yasa gore ayristirtlmis verilerin elde edilmesi i¢in 6zen
gosterilmelidir.

Boylelikle elde edilecek veriler ¢evre ve iklim degisikligi baglaminda
insan hareketliligini ele almak isteyen gercek¢i ve uygulanabilir politikalar
olusturulmasina olanak saglayacaktir. Bu sekilde elde edilecek bilgi, veri ve
politikalar, iklim degisikligine maruz kalmis veya kalacak diger tilkeler i¢in
iyi uygulamalar1 daha da gelistirebilecektir.
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1. Introduction

The first works in metric fixed point theory were given by the
mathematician Banach in 1922 with the theorem called Banach Contraction
Theorem [1]. This theorem not only guarantees the existence and uniqueness
of the fixed points of self-mappings but also gives a procedure to obtain the
fixed points of these mappings. This technique is used as a powerful tool to
solve various problems in different branches of Mathematics such as integral
equations, ordinary differential equations, partial differential equations,
dynamic programming and game theory. So far, much work has been done on
this theorem and interest is still going on. Also, many authors have tried to
generalize this theorem by taking a more general contraction condition.
Moreover, in recent years, some generalized metric spaces such as D-metric
spaces, G-metric spaces, fuzzy metric spaces, modular A-metric spaces and
others have been introduced. Many fixed point theorems have been studied in
these metric spaces. In 2010, Abbas et al. introduced one of the
generalization of metric spaces called A-metric spaces. They gave some
properties of this space. We refer for more details on this space(see [3-6]).

In this chapter, a common fixed point theorem with its results in A-metric
space is given.

Now, we list the basic properties of A-metric spaces.

2. Preliminaries

Definition 2.1: [2] Suppose that M is a nonempty set. If a function
A:M"— [0,00) satisfies the following conditions for each a,x e M.i=1,n,
we call that A is an A-metric on M :

L. A(a,a,,....a,)=0

2. A(a,as...,a,)=0 ifandonlyif 4,=a,=..=a,

3. Forany xeM,

A(a,,a,,...,a,) > A(a,,a,,...,a,,x) + A(a,,a,,....a,,x) +...+ A(a,,a,,...,a,, x)

L ERREERes E

The pair (M, A) is called an A-metric space.
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Example 2.2: Let M = [R. Define a function 4: M" —>[0,00) by

A(a,ay,...a, ,a,) =

n-12"n

a,+a, , +..+a,—(n —I)a,‘
+

a,+a, ,+..+a,—(n —I)a2|

+
+

a}r + an—i + au—2 - 3an—3 ‘

an + an—t‘ - Zan—J

+|a, -a,_,|.

Then, (M, A) is an A-metric space.
Example 2.3: Let M = /R. Define a function 4: M" —[0,«) with

A(a,,a,,....,a,) =la,—a,|+|a, —a, \+...+|a, -a

n

+la,—a;|+.+]a,—a,l|

+| a,,—a, |
=22 la-a,l
i=l i<j
for @, e M,i=1n.
Then, (M, A) is an A-metric space.
Lemma 2.4: [2] Suppose that (M,A4) is an A-metric space. Then,
Ala,,a,,....a,,b))y=Ab,,b,,...b,.a,)
for each a,,b, e M.
Lemma 2.5: [2] Suppose that (M, A) is an A-metric space. Then, we have
the following inequalities:
Ala,.a,,....a,.,b) =z (n—-DNA(a,.a,,....a,,x)+ A(b,. b,.....b,.x)
and
A(a,.,a,,....a,,b) = (n—NA(a,.a,,....a,,x)+ A(x,x,...x,b).

Definition 2.6: [2] Suppose that (M, 4) is an A-metric space. For r > () and

a, € M, the open ball B(aq,,r) is defined with a center a, and a radius 7 as
follow:

B(a,,r)={beM : A(b,b,...b,a,) <r}.
Definition 2.7: [2] Suppose that (A4, 4) is an A-metric space and let{ak}
be a sequence in M and a e M.

keN

1 If Aa,.a,....a,,a)—=>0 as k—>wx, then {ak} is called convergent to
d.

(i1) It A(a,.a,,...a.a,) -0 as k,m—>o0o, then {ak} is called Cauchy
sequence.

(i)  An A-metric space (M, A) is called complete if every Cauchy

sequence in M converges to a point in M,
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(iv)  Definition 2.8: [2] The A-metric function A(a,a,...a.b) is
continuous in all its variables. Namely, if there exist sequences {a,}
and {b,} satisfying lim, . a, =a and lim,_ b, =b, then

lim,  Aa,,a,....a,.,b)=Ala,a,...,a,b).

Definition 2.9: Suppose that (M,A) 1is an A-metric space and
D,E:M — M be two maps. We say that the pair {D, £} is compatible maps, if
lim,_, A(DEa, ,DEa,,...,DEa,, EDa, ) =0,
whenever {a,} is a sequence in M such that /im,  Da, =lim_ Fa, =t for

some t € M.
Definition 2.10: Two self maps D and E of an A-metric space (M, 4) are

called reciprocally continuous on M if [im_ DFEa, =Da and
lim_, EDa, =FEa whenever {q,} is a sequence in M such that
lim,_ Da, =lim__ FEa, =a for some a in M. If D and E are both

continuous, then they are obviously reciprocally continuous but the converse
need to be true.

3. Common Fixed Point Results

Lemma 3.1 :Suppose that (M, A4) is an A-metric space. If there exist two
sequences {a,} and {b,} such that lim,__A(a,,a,,..,a,,b,)=0 whenever is a

sequence in M such that /im_,_a, =t for some t € M, then lim,_ b, =t.

Proof :By the triangle inequality in A-metric space and from Lemma 2.5, we
have A(b,,b,,....b,t1) <(n—DAb,.b,,....b,a,)+ At,1,....1,a;). 1If we take the

upper limit of above inequality for £ — o, we obtain

lim,_, supA(b,.b,,...b,.t) <(n-Dlim,_,_supA(b .b,...b. a,)
+Him,_, supA(t.t,....t,a,)

Hence, lim,_ b, =t.

Theorem 3.2: Suppose that (M,4) is a complete A-metric and let
P,R,S and T be maps from M into itself satisfying following properties:

(1) P(M)cT(M),R(M)cS(M)
(2) P,R,S and T are continuous
(3) Foreach a,beM and O0<g<1,

A(Pa, Pa,...,Pa,Rb) < q.max{A(Sa,Sa,...,Sa, Pa), A(Th,Tb,...,Th, Rb),
A(Sa, Sa,...,Sa, Tb), A(Tb,Tb, .., Th, Pa) }
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(4) {P,S} and {R,T} are compatible maps.
Then, the maps P, R,S and 7 have a unique common fixed point in M.

Proof: Let a, e M. We know that P(M)cT(M) and R(M)c S(M) from
(1), so there exist {Pa,,} and {Ra,,,} such that
by, = Pay =Tay,,
by = Ray,, =Say,,,k=0.

Indeed, such a sequence was first introduced in [7] and [8]. Now, let's take
a=a,, and b=a,,, in (3) of Theorem (3.2). We should show that {b,} isa

Cauchy sequence. For this, we have

A(byyyeeis by byy)) = A(Pay, ..., Pay,, Ray,,))
< q.max{A(SaZk,..., Sa,,,Pa,), A(Ta,,,,,...Ta,, . Ra,.,,),
A(Sayyss Sty Tay, ) A(Tay, e Tay, o Pay,) }
= qmax{A(by 1rsbyy 1sByy) A(Boyssbyysbyy ),
Ay s by 1sB3 ) Al s by, 3) §

= qmax{A(by, 1rrbyy 1By )s AByysensbyy by )}
If A(byse.esbyysbyy, ) > A(by_,,.sbs, . b)), then the above inequality we obtain
A(b}.‘k b bZk > b}kd) < q‘A(b}k E b}k ’b2k+1)
which is a contraction. Because (<g</. In that case, we have

A(by_ by by 2 b,) 2 A(hy, by, by by, ). Thus, we get
A(bﬁk’ ey bZk ’b2k+l) < Q'A(bzk-l ""’bjk-I’bZk)‘ (31)

Similarly, we also have

A(bZk—t‘""’bjk—l’bjk) = A(blk ""’b}k ’bZk—[)
= A(Pa,,,...,Pa,,,Ra,, ;)

< q.max{A(Sazk,...,Saz,{,Pa“, Y, ATa,,.,,....Ta,,,,,Ra,, ),
A(Syy sy Sy Tty ), ATy, oo Ty, ), Payy) |
= gmax{A(by, sesbyy by )y Alhyses by sbyy )
AByy by 3By ) AlBygsnnns by by )

= q.ma_x{A(bZ,(,,,...,bz,(,,,bz,(,g ), A(b, 5"'!b2i(=bjk—f)}
Now, if A(b,;,....0,, . by ) > A(b,, ,.....5, ,.b,, ), then by above inequality we

obtain
A(bzk-l 2ty bzk-l’ bZk ) < qA(bZir L] bZk ? b_’k-l)’

which is a contradiction. Because () < ¢ < /. Hence,
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A(bzk4> R b}k*.” b}k—Z) P A(b2k LR bZk 2 b}k*i )’

therefore by above inequality we have
Abyy s by b2 ) S G A(by 550 byy 0B y). (3.2)
Thus, from inequalities (3.1) and (3.2) we have
A(b,,....b, b)) <qA(b,_,,....5,_,.b ;). k=2
where 0 <g <. For k> 2, it follows that A(b,,....b,,b,_,) < q" " A(b,,....b,.b,).
Using the triangle inequality in A-metric space, for n > m we have
Ab,,...b.b) = (n—=DAGb,,...b,.b, )+ (n-DAb,.,,....b,.,.5,.,)
+..+(n=1)A(b,_,,...b, ,.b, )+ A(b,_,,..b, .b,)
<(n—-D[A(b,....b,.b,.) + ..t Alb, b, b)),
Therefore, from inequality (3.2) and for ) < g </ we obtain
A(b,,..sb, b)) < (n=D[g" +¢™" +..+q" " 4B, b5,
=(n-Dg"[1+q+q" +..4g""" |A(b,.....b,. b,)
1
<(n-Ng" ——A(b,,....b,. b))
I-q
as m —> 0. It follows that { } is a Cauchy sequence and M is a complete A-
metric space, then there exists zeM satisfying
lim_, Pa, =lim_ Ta, , =lim_, Ra,, =lim_ Sa,, =z Since P and S
are continuous maps, they are reciprocally continuous. Hence, we have
PSsa,,,, — Pz and SPa,, — Sz {SPaZM} converges to Sz since {SPaZM} is
subsequence of {SPa_,,( } Also, compatibility of P and S give
lim,_  A(PSa,.,,....PSa,,.,,SPa,.,) =0, that is, A(Pz,...,Pz,5z)=0. Hence,
Pz=5z.
Since P(M)c T(M), there exists a point we M such that Pz =Tw:. Putting
a=z and b=w in (3) of Theorem 3.2, we obtain
A(Pz,Pz,...,Pz,Rw) < q.mwc{A(S:,...,S:, Pz), A(Tw,...,Tw, Rw),
A(Sz, ... S2,Tw), A(Tw, .., Tw, P=) }

We know that Pz = Sz, Pz =Tw.
A(Pz,...,Pz,Rw) <= q.max{A(P:,..., Pz, Pz), A(Pz,..., Pz, Rw)
A(P=,..., Pz, P2), A(P=,..., Pz, Pz) }
=qA(Pz,..., Pz, Rw).
Consequently, A(Pz,..., Pz, Rw) < qA(Pxz,...,Pz,Rw) as O<g<1 it follows

that Pz = Rw. Thus, Pz =Rw=_Sz=Tw. If we take x=Pz and y=w in (3) of
Theorem 3.2, we obtain
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A(PPz,..., PPz, Rw) < q.max{A(SPz,..‘, SPz, PPz), A(Tw,...,Tw, Rw),
A(SPz=, ..., SP=, Tw), A(Tw, ..., Tw, PPz) }
= q.max{A(PP:,...,PPz,PP:),A(Pz, v Pz, Pz) s
A(PPz,..., PPz, Pz), A(Pz, ..., Pz, Pz)}
A (PPz, vees PPz,Pz) < gA(PPz,..., PPz, Pz).
That is, PPz =Pz and PPz =SPz = Pz. Thus, Pz is a common fixed point of

Pand S.
Similarly, by using (3) of Theorem 3.2, we find that Rw(= Pz) 1is a common

fixed point of R and 7. Thus, Pz is a common fixed point of P,R,S and T.
Now, suppose that P,R,S and T have is another common fixed point such that

Pw(+# Pz). Then, using (3), we have
A(PPx,..., PPz, RPw) = A(P=,..., Pz, Pw)

< q.max{A(SPz, ey SPz, PP2), A(TPw,...,TPw, RPw),
A(SP,...,SPz, TPw), A(TPw,...,TPw, PPz) }
= gmax{ A(P=,..., Pz, Pz), A(Pw,..., Pw, Pw),
A(Pz,..., Pz, Pw), A(PW,..., Pw, Pw)}

A(Pz,..., Pz, Pw) < q.A(Pxz,..., Pz, Pw).
Since 0<g <1 it follows that Pz=Pw. Thus, P,R,S and T have a unique
common fixed point.
Example 3.3: Let M=[0./] be -endowed with A-metric

A(a,,a,,..a, ;.a,)= ZZM{ —a,| Also, define P,R,S and T on M by

i=l i<j

P(a):(%] ,R(a):[%J ,S(a):[g) ,T(a):[gj .

Clearly, P(M)cT(M) and R(M)c S(M). Furthermore, {P,S} and {R,T}

are compatible mappings. Also, for each a,,a, € M , we have

-6 6) ) -l (5]
wenf2] )

< iA(Sa, ... Sa, Th)
32

3)+(5)
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8 8 b n 3
A (EJ (EJ (f} <~ max{A(Sa,..., Sa, Pa), A(Tb, ..., Tb, Rb),
2 2)°\2 32

A(Sas..., Sa, Th), A(Tb, .., Tb, Pa) }
where iSq < 1. So, all the main theorem are satisfied and ( is the unique

common fixed point of P,R,S and T.
If we put §=17 =1, (the identity map on M ) in Theorem 3.2, we obtain the

special case of Theorem 3.2 as follows:
Corollary 3.4: Let P,R:M —> M be two continuous maps of a

complete A-metric space (M, A) and for each a,be M , satisfying
A(Pa,..., Pa, Rb) < gmax{ A(a,...,a, Pa), A(b,...,b, Rb), A(@, .., a,b), A(b,....b, Pa) }
with () <g < /. Then, there exists a unique common fixed point of P and R

have a unique common fixed point such that Pbh= Rb,be M.
If we put P=R=1,, (the identity map on M ) in Theorem 3.2, we obtain the

special case of Theorem 3.2 as follows:
Corollary 3.5: Let S.7:M — M be two continuous maps of a

complete A-metric space (M, A4) and for each a,beM, satisfying
A(a,...,a,b) < q.max{A(Sa,...,Sa,a),A(Tb,...,Tb,b),
A(Sa,..., Sa,b), A(Th,...,Th,a) }

with 0 <g < /. Then, § and 7" have a unique common fixed point.
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1. Introduction

Many people are surprised when they first hear that there is a risk of fire
and dust explosion, even when processing seemingly harmless materials such
as powdered sugar, aluminum powder and even paracetamol.

When working with any production process, it is always necessary to
know the hazards for the application. It is generally known that there is a risk
of fire and explosion when using flammable liquids such as methanol and
ethanol or flammable gases such as propane, butane, or hydrogen.

However, it is not known that dust clouds formed when working with
foodstuffs (sugar, flour etc.) or pharmaceutical raw materials (aspirin,
paracetamol, etc.) cause dust explosions and approximately 70% of powder
chemicals used in industry are explosive [1].

Technological emergencies such as dust layer fires, dust explosions, and
thermally unstable dust degradation that occur in industrial processes can
have dramatic and dangerous consequences.

In cases, where the dust explosion hazard cannot be identified and the
risks cannot be assessed effectively, the following severe consequences that
affect business continuity may be faced:

e Death and injuries,
e Property damage, loss or decrease in value,
¢ Negative image on society and official institutions,

e Loss of shareholder trust or decrease in the value of the
company,

o Decline in production capacity and potential loss of market
share

It is of great importance to reduce the damages caused by explosions in a
timely manner and to plan ahead for possible emergency preparedness,
response and recovery processes.
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2. The Nature of Dust Explosion

According to the concept of "fire triangle", three elements must be present
at the same time for a fire to occur (Figure 1). The fuel can be gas, steam, or
dust. Generally, the oxidant substance is oxygen in the air. However, strong
oxidants such as chloride or nitric oxide can also contribute to combustion
effectively. The ignition source can be a spark, fire, or high temperature
[1,2].

Oxidant

Figure 1: Fire triangle

In order to occur a combustion process, the fuel and oxidant in the
environment must be in sufficient quantities and the ignition source must
have enough energy to ignite the fuel-oxidant mixture. The duration of
burning in open air generally depends on the exhaustion of the fuel. When
solids such as coal and wood burn, the rate of burning is determined by the
diffusion process, which limits the rate at which oxygen reaches the
remaining fuel. If the fuel is broken into small pieces, since the contact
surface with oxygen will increase, combustion is facilitated and the burning
rate increases. Depending on the amount of fuel, the combustion process may
take hours to complete. In environment, where fuel and oxidant mix well, the
combustion rate increases greatly and the combustion process can be
completed in as short as 10 milliseconds.

If a well-mixed fuel-oxidant mixture is present in a closed environment
with an effective ignition source, suitable conditions have been created for
the explosion, that is, for the rapid release of the stored energy. Dust particles
with a diameter of 0.1 mm or less, suspended in the air, burn easily in a very
short time and in such cases the energy required for ignition is very low. An
explosion occurring under closed conditions may cause a pressure as high as
10 bar [1,2].

In order to occur a dust-related explosion, each of the conditions listed
below must exist simultaneously in the same space.

e dust cloud formed by mixing of thin, flammable solid with air
within explosion limits

o sufficient amount of powder
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e sufficient oxygen
o  aneffective ignition source.

The mixture of flammable dusts with air is explosive only at certain
concentrations. Below the explosion limit (LEL) there is very little
flammable substance; in this case the mixture is very poor. Too much
flammable substance above the explosion limit (UEL); in this case the
mixture is too rich. The concentration range between the lower and upper
explosive limits are the explosion range. Mixture in this concentration range
is explosive; creates an explosion hazard. Explosion limits are expressed in
g/m>. The values of the explosion limits depend on the substance in question.
If these values are not known, they can be determined experimentally.

According to the rule, dust explosions occur at air concentrations higher
than 20 g/m°. These dust concentrations often occur inside equipment such as
grinders, mixers, and filters [1,2].

These concentrations occur from time to time due to dust emitted around
equipment (eg filling points) where the dust is handled and have open parts
during operation. If there are dust deposits in the room, an explosive dust/air
mixture may form within a short time due to turbulence. Dust explosions are
possible even at concentrations higher than a thousand grams per cubic meter
of air. Normal atmospheric oxygen content is sufficient for an explosion to
occur. Some dusts can be explosive even at low oxygen concentrations
(below 10% vol.). More violent explosions occur if the oxygen content is
greater than the normal amount of oxygen in the air.

3. Sources of Ignition

Among the many possibilities in industrial applications, the following
ignition sources are the most important:

e Hot surfaces

e Flames, hot (smoldering) materials

e  Mechanically induced sparks

e Electrical equipment (sparks from electricity)
e Electrostatic discharge spar

e Domino Effect

Not every ignition source has enough energy to ignite every type of
explosive mixture. Not every ignition source is an effective source of ignition
in all cases.
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An ignition source is called an effective ignition source only if it has the
energy to initiate a combustion that can spread spontaneously in an explosive
atmosphere [3]. Since the possibility of sufficient dust concentrations to
occur outside the process tanks for explosions to occur is quite low, the
majority of severe dust explosions are primarily in process equipment (e.g.
grinders, mixers, dryers, cyclones, silos, ventilation ducts, filters, bucket
elevators, pneumatic conveying systems). Explosions occurring within
process equipment are the primary explosions. Dusts are suspended in the air
inside the process equipment and can explode under the effect of an effective
ignition source. If the design pressure of the container in which the explosion
occurred is low or if the systems that allow the excess pressure in the tank to
escape are insufficient, ruptures may occur in the tank. Although it is
important to take precautions to reduce the probability of the occurrence of
primary dust explosions, prevention of secondary explosions that will occur
with the effect of the primary explosion, ie the domino effect, is critical in
terms of damage reduction. Because secondary explosions that occur cause
much greater damage than primary explosions.

4. Secondary Explosions

With the primary explosion, the dusts in the form of a layer outside the
process equipment where the explosion occurred can take off and turn into a
dust cloud and ignite with the effect of the heat emitted from the first
explosion (Figure 2). Layered dust can take up very little space, but can form
very dangerous clouds when they are ventilated. When a dust layer with a
thickness of 1 mm consisting of dust with a density of 500 kg/m® is vented, it
turns into a dangerous dust cloud of 100 kg/m® density dust and a height of 5
m.

An explosion in a system with dusts creates pressure and/or causes flames
to spread to other tanks through connection pipes [3, 4].
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Pressure in the second explosion Ignition of dust cloud from

the first explosion
Figure 2: Domino effect in dust explosions

5. Industrial Dust Explosion

According to the researches conducted by the US Chemical Safety and
Hazard Investigation Committee (CSB), a total of 281 industrial dust
explosions occurred between 1980 and 2005, and a total of 119 workers lost
their lives and 718 people were injured in these explosions.

Damages, loss of life, and injuries caused by flammable dust explosions
have reached remarkable levels in recent years. Information about the deaths
and injuries caused by the dust explosions that occurred between 1980-2015.

According to the researches made by CSB, between 1980 and 2015, an
average of 10 dust explosions occurred in the USA each year (Figure 3). Dust
explosions that occurred in the past years were not reported to the relevant
institutions, it is thought that the number of cases in the 80s was low, and the
number of incidents increased with the increase in incident reporting in the
90s and 2000s [5].

5.1. Death and Injuries

According to the researches conducted by CSB, 718 people were injured
in 281 incidents in the USA between 1980 and 2015, and 119 people died in
78 separate explosions. 71% of the total 218 explosions resulted in injury and

103



International Studies on Natural and Engineering Sciences Chapter 6

death. According to statistics, as a result of dust explosions, an average of 5
people die and 29 people are injured annually (Figure 3) [5,6].
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Figure 3. Dust explosions, injuries and deaths occurring in the USA between
1980-2015

Properties are also severely damaged in combustible dust fires and
explosions. According to the information obtained by CSB, explosions at
Malden Mills, CTA Acoustic, WEST Pharmaceutical and Rouse Polymer
factories caused hundreds of millions of dollars of damage. According to a
report published by FM Global Insurance Company, as a result of dust
explosions in 22 companies insured by FM Over 1 million $ in material
damage occurred in each company.

6. Industries and Equipments

Dust explosions occur in any industrial facility where flammable dusts are
used. However more than half of explosions occur in the food, wood,
chemical and primary metal industries. 40% of dust explosions occur in dust
collection systems. Other equipment and machinery where explosions occur
are grinders, silos, conveyors/conveying systems, dryers/ovens and mixers

[4].
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Figure 4: Sectoral distribution of flammable dust explosions

7. Types of Dusts

A wide variety of materials can cause flammable dust related incidents.
More than 20% of the dust explosions that occurred in the USA were caused
by wood, food and metal dusts and 14% by plastic dusts [4].

B Wood Industry M Food Industry W Metal Industry W Other

H Coal Industry M Plastic Industry EInorganic

Figure 5. Types of dust
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8. Dust Explosion in the World

In the recent years, the dust explosions listed below have taken their place
among the major industrial accidents with the deaths, injuries and material
damage they cause:

e Organic dust fire and explosion, Massachusetts (3 dead, 9 injured)
e Organic dust fire and explosion, North Carolina (6 dead, 38 injured)
e Organic dust fire and explosion, Kentucky (7 dead, 37 injured)

o Metal dust [5,7]

9. Case Study I: Dust Explosion in Massachusetts

In February 1999, a major fire and explosion occurred in a foundry in
Massachusetts. As a result of the investigation conducted by the US General
Directorate of Occupational Health and Safety (OSHA) and Massachusetts
state officials, it was understood that the fire started in the shell mold
machine for an unknown reason, jumped into the ventilation system and
spread due to the dust of phenol formaldehyde resin in the ducts. A small
explosion in the channel ventilated the dust accumulated on the channels and
caused an atmosphere suitable for explosion. In the strong explosion that
occurred, the roof of the building was displaced and the walls were damaged.

According to the report prepared by CSB after the investigation, the main
reasons for the explosion are [7]:

e There was not enough neatness and housekeeping to prevent dust
accumulation,

e The design of the ventilation system was wrong,
e The maintenance made to the ovens was insufficient and

e  Security measures taken on existing equipment were insufficient

10. Case Study IlI: Dust Explosion in North Carolina- WEST Industrial
Plant

In January 2003, a dust explosion occurred in the syringe-producing
section of the WEST Medical Supplies Factory in Kingston, North Carolina.
Six workers were killed in the explosion, 2 firefighters, and 36 civilians were
injured and the entire facility was destroyed (Figure 6).

The sound of the explosion was heard in an area of 40 kilometers in
diameter. A student at a school located about 800 m from the facility was
injured by broken glass. Flames from the wreckage ignited the trees about 3
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km away.

WEST is one of the world's leading companies in the production of
medical supplies. Founded in 1923, the company has eight facilities in North
America and ten plants in Europe and Asia. The company has a total of 4,000
employees. Plastic materials such as syringes, needle caps, serum connectors,
stoppers, vials and medicine bottle caps are produced in WEST [5-7].

Figure 6: Dust explosion in North Carolina-WEST industrial plant

Dust suction channels were installed at certain points of the mixer, raw
material cutting, and weighing departments in order to prevent the exposure
of employees to the WEST. The dust was collected in a general dust
collection system located outside through pipes. In addition, dust was cleaned
approximately every hour with a vacuum cleaner and wet wiping by the
cleaners to prevent the accumulation of dust layers. Due to the production of
plastic products used in the pharmaceutical industry, it was a big priority that
the facility was always clean. Cleaning was carried out regularly around the
machines, and dryers/filters on the walls contributed to the removal of some
dust from the air. Witness statements and photos provided by WEST indicate
that visible dust build-up in the rolling area is minimal, even around batchoff
machines. Although the cleaning workers constantly cleared the areas around
the equipment, some of the workers told to CSB investigators about the dust
layer above the suspended ceiling above the rolling stock and batchoff
machine area [5-7].

The statements made by individual witnesses were different. Workers
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reported accumulations of 0.64 cm thick dust were quite common, while
other witnesses described heavier deposits of 1.3 cm or more. Someone who
had done maintenance work on the ceiling in the months before the incident
recalled that he had seen dust accumulation over 5 cm thickness in some
areas. The area above the ceiling also had pneumatic conveying lines for
slaked lime and other high volume non-flammable powders used in mixers. It
is possible that some of the dust accumulation on the ceiling consists of non-
combustible dust as it has been reported by employees that there may be dust
leakage from these lines [5-7].

The Batchoff machine was the inevitable emission source of flammable
gas. Fans would blow air over it to cool and dry the rubber strip as it passed
through the machine. Some of the anti-adhesive agent was carried into the
room by air flow and accumulated on the surfaces there. The cleaners would
constantly wipe and vacuum the surfaces so that there was no generally
visible build-up in the area.

The comfort air system created a slight negative pressure on the
suspended ceiling and the room air was drawn into this area where the
conditions were very favorable for dust to settle. WEST has changed most of
the ceiling tiles for aesthetic reasons, primarily due to their color
deterioration.

However, the frequency of change was not sufficient to prevent dust
build-up. There was no regular cleaning schedule for the surfaces of beams,
channels, and other features above the ceiling.

CSB researchers took an anti-adhesive sample from the immersion tank
of one of their batchoff machines. This example was dried to powder under
vacuum in accordance with American Society for Testing and Materials
(ASTM) guidelines and tested for flammability. It has been confirmed that
the dispersion of the dust in the air is flammable.

10.1. Source of ignition

During the interviews, WEST employees did not identify such visible
dust distribution in the air. Therefore, it is not a realistic possibility to find
explosive dust concentrations in the plant's manufacturing areas normally,
including the area around batchoff machines.

It is obvious that the polyethylene dust accumulating on ceiling tiles is the
only fuel source for such a big explosion. CSB researchers were unable to
determine what dispersed the dust into an explosive cloud.

Accumulation of deposited layers of combustible dust is known to be
dangerous. NFPA Standard 654, Standard for the Prevention of Dust
Explosions and Fires from the Use, Processing and Production of
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Combustible Solid Particles (2000), states that the 0.08 cm dust accumulation
in the floor can form a cloud with an optimal explosive concentration of 3 m
in height if suspended in the air. The standard also warns that it may be
dangerous if the dust unit exceeds 5% of the total area [7].

10.2. Fire Acceleration

The sprinkler system, which was designed to alleviate the effect of the
incipient fire within the facility, was ineffective at the very beginning of the
event because the explosion broke the supply line to the system. Before the
explosion, rubber and other raw materials were stored in the southeast of the
compound area.

The thermal effect of the explosion probably reached this area, triggering
the start of the fire. Eventually, the entire tank was completely in flames. The
heat caused by the fire has caused many steel skeletons to flex and collapse.

Mineral oils were stored in two 28.4 liter plastic tanks placed between the
near the tank. Due to the explosion, these tanks toppled, the oils spilled
around and ignited on the ground where they spread. The spread of
flammable liquid around fueled the fire in the tank.

Other small plastic oil tanks located next to the tank also provided
additional fuel for the fire. The concrete partition walls around the tanks
collapsed due to the explosion and could not prevent the burning oil from
spreading around [8].

10.3. Causes to Fire

CSB researchers learned that during a previous maintenance operation
involving the welding process, the polyethylene powder near the batchoff
machine ignited, but the fire extinguished by itself. This incident showed that
the dust is flammable.

There are no information of minor fire occurring during welding.
Extensive investigation, documentation, and sharing of this event with
relevant people could provide a wider awareness of combustible dust
hazards. Considering that WEST has done all areas clean and free from dust,
if the danger posed by sitting dust were understood, WEST would probably
also clean the area above the ceiling [7,8].

The bucket elevator is assembled just below the ceiling. The turbulence
caused by the flare can ignite the polyethylene dust deposited above and
initiate secondary explosions. However, the technical staff of WEST state
that the special grade rubber produced during the explosion did not catch fire
in the past. WEST also points out that the automatic process controls on the
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mixer are set to drip rubber into the bucket at a temperature of 37.8°C below
the general curing temperature.

11. Case Study I11: Dust Explosion in South Carolina- BRIDGESTONE
Industrial Plant

Immediately after the explosion at WEST, a fire occurred in the rolling
mill at the MICHELIN rubber preparation plant in Star, South Carolina. The
equipment used by MICHELIN to prepare the rubber series is similar to the
equipment in WEST. The rubber strip was overheated to the point of
decomposition. When it fell into the rolling mill and was exposed to oxygen
in the air, the steam contained in it ignited and created a fire flame. Although
employees were injured, none of these injuries were life-threatening [6,8,9].

A rubber fire occurred in another incident at the BRIDGESTONE tire
plant in Graniteville, South Carolina. Similar component equipment was also
used in this facility. A strip of rubber fell on the rollers and accumulated on
the floor instead of moving to the batchoff machine's water immersion tank.
After a few minutes, the rubber caught fire, causing a significant fire.
Although a witness reported that a series had crashed just before the
explosion, CSB investigators could not find any rubber residue around the
rolling machine. Since the witness was taken months after the incident and
following a comprehensive burn treatment, the reported observations may not
have been correct, or the rubber may have been burned during the fire. No
one else working in the area of rolling mill and batchoff machine survived
the incident.

It provided lighting with standard type 1-1.2 m fluorescent lamps, which
are generally used in offices in the rolling mill and batch area. The lamps
were not suitable for the class that should be used in areas with flammable
dust. These included metal plates with tubular fluorescent lamps and ballasts
that provided the required voltage. The lamps were mounted so that the
hardware's lens rested against the surface of the suspended ceiling [7].

The dust layers on the top of the lighting equipment were creating an
insulating effect. Dust could have caused heat to accumulate in the lighting
ballasts. As a result, an overheated ballast may have ignited the dust, if the
incident is sufficient, a small dust smoke may have risen, igniting as well as
causing secondary dust explosions. Alternatively, a fire that started above a
lighting fixture could create enough turbulence to initiate a series of dust
explosions ignited by a non-faulty but overheated ballast. The ventilation
system takes some of the air from the top of the ceiling and returns it back to
the room below. This scenario is thought to have progressed quite rapidly, as
none of the employees interviewing CSB remembered any smoke or smell of
smoke before the explosion, and they did not see any fires. The air taken
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from the part close to the ceiling with the ventilation system and turned into
work areas may have retained the smell of smoke. According to the research
reports prepared after the incident, the hardware, electrical cables and fixtures
in the area above the suspended ceiling are not suitable for NFPA 499.

From the interviews made with WEST employees after the incident, it
was understood that the production was continuing as usual on the day the
incident occurred, and that no unusual images, sounds or odors were noticed
that indicate a problem. The explosion caused a fire throughout the facility
and disabled the sprinkler system. Plastic tanks containing 29,000 liters of
mineral oil melted and caught fire due to heat. The biggest fire occurred in
the rubber warehouse and lasted for 2 days. The rubber production facility
and warehouse were demolished and many buildings became unusable. For a
week, some rubbers have been witnessed to smoke, burn inside and suddenly
glow [7].

In the first 2 hours after the explosion, Lenoir County Emergency
Management Center (EMC) received more than 650 radio and telephone
calls. In line with the first reports suggesting that a plane crashed into the
explosion, the emergency response teams passed the alarm at the highest
level. The Kinston Fire Department took action on the misconception that the
explosion occurred at the airport. EMC declared mass death declaration. In
accordance with this declaration, additional rescue equipment was requested
and procedures for the positioning of response trucks, establishment of triage
and treatment centers, and arrangement of reinforcement personnel began.
After it was understood by EMC that the explosion had actually occurred at
the WEST facilities, reinforcements were sent to the North Lenoir Volunteer
Fire Department, which was the first to intervene in the explosion. EMC
established incident command, Kinston Fire Department started work to
contain the fire [7].

All deaths in the blast occurred on the ground floor of the facility, around
the rubber production line. Many workers were trapped under the rubble.
Emergency responders and workers with flashlights helped dispatch those
under debris to triage areas. The wounded were transported to the northwest
of the scene and after their first response was made, they were sent to the
surrounding hospitals. The surrounding green fields were used for air
evacuation of the seriously injured to burn trauma centers.

e 14 people from other Fire Departments with a mutual aid
agreement,

e 10 people from Lenoir County EMC, Emergency Medical
Response team,

e 10 Medevac Helicopters,
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e Lenoir County hospital staff,
¢ Kinston Police Department Staff,
¢ North Carolina State Highway Patrol,

e North Carolina State Forestry Service Units located in
Kinston

According to the statements made by the official institutions of the Lenoir
District after the incident, the financial cost of the consumed materials and
damaged equipment during the fire extinguishing works is more than 250,000
USD. Almost 14 months after the explosion, the WEST facilities were rebuilt
a few kilometers south of the old facility, but the rubber production that
caused the Kinston plant to collapse at the new facilities was discontinued

[6].

12. Conclusion

Dust explosions occurring in industrial facilities cause buildings to be
demolished, machinery, and equipment damaged, raw material and product
losses. Large fires caused by the failure of fire detection and extinguishing
systems to be extinguished with difficulty, and most importantly, workers are
killed and injured. The negative impact on the society and other stakeholders
after the explosion, the money spent for the restoration and re-establishment
of the facility, claims for compensation and stoppage of production are
among the long-term negative financial effects of the event.

For this reason, it is important to prevent dust explosions before they
occur and/or to take engineering and administrative measures to reduce
potential explosion damages on time. By adopting four basic principles of
modern emergency and disaster management in industrial enterprises, it can
be ensured that dust explosions are prevented or possible damages are

minimized.
Reduction g ){/\ Preparation

Improvement Intervention

Figure 7: Basic principles of prevention
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1. Giris

Diinyamizda ortaya c¢ikan cevre sorunlarmin baslica nedeni olarak
diinyadaki var olan ekolojik dengenin ve dogal kaynaklarmn insanlarin
ihtiyaclar1 dogrultusunda bilingsiz olarak kullanimi sdylenebilir. Madencilik
caligmalarinin da i¢inde bulundugu bu siire¢ i¢inde, bu uygulamalarin ¢evre
iizerinde gecici ve/veya kalici diizeyde etkili oldugu ifade edilmektedir.
Amacma uygun olmayan alanlarm kullanimi veya endiistriyel ¢aligmalar
sonucunda bozulmus bir alani sabit hale getirmek ve gelecek nesillere
korunabilir sekilde birakilmasi siirdiiriilebilirlik ilkesi bakimmdan énemli ve
zorunlu olmaktadir. Fakat bu iyilestirme siirecini kendi haline birakildiginda
ekolojik dengenin yeniden tesis edilmesi i¢in uzun bir zaman siirecine ihtiyac¢
duyulmaktadir. Bu uzun ve uygun zaman siireci i¢inde bu bozulan bu
alanlarin restorasyonu i¢in insan kaynagma gerek duyulmaktadir (Simsir ve
ark. 2007).

Madencilik olusum siireci ¢ok uzun yillar boyu olan, hammadde olarak
kullanildiginda ise yenilenmesi miimkiin olmayan dogal kaynaklar olarak
tanimlanabili. Ote yandan kurumsal olarak degerlendirildiginde,
sanayicilikteki geligimlerde ve toplumsal hayatin ekonomik olarak
ilerlemesinde  onemli olan faaliyetlerden biridir. Ama¢ olarak
degerlendirildiginde ise, madencilik iilkenin ekonomik ve sosyal olarak
biiylimesi ve gelisimi igin, gerekli olan enerjiyi ve dogal kaynaklari
endiistriyel kullanima sunmak olarak ifade edilebilir. Fakat madencilik
uygulamalar1 esnasinda ve siirecinde olusan arazilerdeki bozulmalar, artan
gaz emisyonlar,, toz miktarindaki artis ve girilti olusumu ortaya
cikmaktadir (Unver ve Kara, 1994).

Madencilik faaliyetlerine giiniimiiz kosullarinda, ¢evre bilincinin artmasi
sonucunda halk tarafindan zararli oldugu diisiincesi nedeni ile yogun bir
sekilde olumsuz ydnde itiraz edilmekte ve tepki gosterilmektedir. Bunun
sebebi olarak kamuoyunda var olan yanlis bilgilendirme ve bilgi kirliligi bu
baskiin ve tepkinin siddetini artirmaktadir (Karaman, 2010).

Son yillarda sanayide ortaya ¢ikan gelismeler ve niifus miktarindaki artis,
endiistriyel bazli Giriinlere olan talebi artirmakta, bunun sonucunda ¢evredeki
tahribat orani da atmaktadir. Bu tahribat sonucunda ise dogrudan ve dolayl
sekildeki etkiler azalmaktadir (Varol ve Bagpnar, 2011).
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Madencilik uygulamalari, siire¢ olarak maden aramasinin baslangici ve
sahanin terk edilmesi arasindaki biitiin uygulamalar1 kapsamaktadir. Bu
kapsamda yapilan uygulamalar, uygulama alanina, ¢evresine ve dogal ve
kiiltiirel yapiya olan etkileri ¢ikarilan maden ¢esidi ve ¢ikarilma metodundaki
farkliliklara gore degismektedir. Ortaya ¢ikan bu degisiklikler, hangi iiretim
yontemi olursa olsun etkileri, uzun veya kisa vadeli, olumlu ya da olumsuz,
onartlabilir ya da onarilamaz ve az yada ¢ok seklinde
gerceklesmektedir(Aslan 2017).

Acik ocak maden isletmeciligi yapan tesislerin kurulduklari ortama
verdikleri zararm boyutunu, alanin jeolojik durumu, hidrolojik yapisi,
¢alisma alaninin biyiikliigii ve kazi derinligi, ortamda var olan bitki ortiisii
¢esidi ve iklim ozellikleri belirlemektedir. Madencilik kapsaminda yapilan
kazi galigmalart ortamdaki bitki ve hayvan topluluklarini 6nemli diizeyde
etkileyip zarar vermektedir. Aym zamanda kazi sirasinda olusan biiyiik
sevler sonucunda gukurlar olugsmakta ve siddetli yagislar sonucunda ¢ukurlar
dolarak bu alanlarin iyilestirilmesi giiclesmektedir. Bu goriisiin aksine ise
1982 yilinda Stocholm'de 30'dan fazla iilkeden bilim insanlarmm katilimi ile
birlikte yapilan uluslararas: bir toplanti sonucunda agik ocak madencilik
faaliyetlerinin c¢evreye tehlikeli boyutta zarar vermedigi kanaati olustugu
ifade edilmistir (Libicki, 1992).

Maden ¢ikarilmasi sirasinda ortaya ¢ikan cevher atiklarinin usulune
uygun bir bigimde ortamdan uzaklastirilmasi, bozulan sahalarin yeniden
diizenlenmesi, ortaya cikan gorsel kirliligin oniine gegilmesi, ve bozulan
alanlarin verimli ve siirdiiriilebilir sekilde yenilenmesi iilkenin gelismisligi
acisindan dnemli goriilmektedir (Kulaksiz ve ark., 2010).

Genel olarak, madencilik ¢aligmalari sonrasi alanin yeniden restorasyonu
icin madencilik Oncesi alanin kullanim sekli ve verimlilik durumunun
bilinmesi, yapilacak uygulamalar ve g¢aligmalar i¢in 6nemli yol gdsterici
olarak kabul edilebilmektedir (Michaud, 1981).

Bu calisma ile birlikte Artvin ili Murgul ilgesinde ¢ikarilan bakir madeni
sonucu ¢evrede depolama alanlarinda biriktirilen cevher atiklarnin bazi
toprak Ozelliklerinin belirlenmesi, planlanacak agaglandirma faaliyeti
kapsaminda nasil uygulamalar yapilmas1 gerektigi konusunda sonuglar ve
oneriler sunulmasi amaglanmustir.

2. Materyal Ve Yontem
2.1. Cahisma Alammin Tanitim

Bu calismanin gergeklestirildigi saha, Arrvin Orman Bolge Miidiirligi,
Borgka Orman Isletme Miidiirliigii, Goktas Isletme sefligi Smirlar1 i¢inde yer
almaktadir. Calisma alam olarak Eti Bakir Isletmesinin madencilik faaliyetini
gergeklestirdigi cevher atik dokiim alanlart se¢ilmistir (Sekil 1). Caligma
alaninin fizyografik 6zellikleri agagidaki gosterilmistir.
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Mevki : Damar

Yikseltisi 1200 m (1120-1300 m aras1)
Bakist : Kuzey, kuzeydogu

Egimi : % 50 (10-100 arasi)

Aragtrma alant iklim incelemesi Borgka meteoroloji istasyonundaki
(130m) meteorolojik veriler kullanilarak yapilmistir (Anonim 2010). 1987-
2010 yillar1 arasindaki verilere gore Borgka iklim istasyonunda ortalama
sicaklik 13,5 °C, Ortalama yillik yagis ise 1010,2 mmdir. Calisma alanina ait
iklim verilerini belirlemek igin ortalama sicaklik ve yagislar i¢in degisimler
100 m'lik yiikselti degisimine gore hesaplanmistir. Bu hesaplama ile 1200 m
yiikseklikteki arastirma alanina ait ortalama sicaklik ve yagis degerleri

hesaplanmigtir. Yapilan hesaplamaya gore yillik ortalama sicaklik 8,3°C,
ortalama yillik yagis degeri ise 1577,2 mm olarak bulunmustur.

Aragtirma alani jeolojik yapi olarak, eosen, miosen, flis kalkerleri ve
kismen volkanik kayalardan olustugu goriilmiistiir. Topraklar bu minerallerin
ayrismasindan meydana gelmistir (Anonim,1990).

Sekil.1 Caligma alanlarinin uydu lizerinden goriiniimii

2.2. Ornek Alanlarin Se¢imi

Bu caligmay1 gergeklestirmek i¢in maden ¢ikarimmin gergeklestirdigi
alanlarm yakminda bulunan 3 (A=1, B=2 ve C=3) farkli cevher atik dokiim
sahasi se¢ilmistir. Bu alanlardan her birinden 20 adet olmak iizere toplamda
60 drnekleme noktasi segildir. Ornek alan biiyiikliigii olarak 5x10 m=50 m2
olacak sekilde alinmigtir. Alanlar arasinda homojenlik olusturmak igin 20
mlik mesafeler belirlenmistir.

Aragtirma alam1 maden ¢ikarilan bir saha oldugundan dolay1 sorunlu
alanlar sinifinda yer almaktadir. Caligma ile birlikte bu alanlarin bazi toprak
ozelliklerinin belirlenmesi yapilacaktir.
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Atik dokiim alanlarinin biiyiik olmasi, atiklarm farkli noktalara dokiilmesi
Alanin biiyiik olmas1 ve farkli galerilerde nedeni ile alanda homojen bir
Olgtim gerceklestirmek igin atik dokiimlerinin tamamlandigi 3 farkli nokta
tercih edilmistir.  Ornekleme alanlarinda toprak o&rneklemesi yapimi ise
yagmur ve rizgarin Ozellikle st toprakta taginmalara neden olma
olasiligindan dolayr farkli derinlik kademesinden toprak alinmasi
gerekliligini de ortaya ¢ikarmustir.

2.3. Toprak Orneklerinin Alinmasi

Secilen 3 farkli dokiim alanindan her birinden 20 farkli noktadan iki
derinlik kademesinden (0-15 cm ve 15-30 cm) olmak iizere 40 adet toplamda
ise 120 poset bozulmus toprak drnegi almmustir (Sekil 1). Ornekleme alimi
2018 yili Temmuz ayinda gerceklestirilmistir. Alinan 6rnekler analize hazir
hale getirilmek lizere Alinan toprak ornekleri etiketlenerek naylon posetler
ile hava kurusu hale getirilmek iizere ACU Orman Fakiiltesi Toprak IImi ve
Ekoloji Laboratuvarina getirilmistir.

2.4. Topraklarmn Analiz Edilmesi

Laboratuara getirilen toprak ornekleri dnce hava kurusu hale gelinceye
kadar serilmis ve kurutulmustur. Daha sonra porselen havanda 6giitiilerek
2mm lik elekten gecirilmistir. Hazirlanan toprak orneklerinde ise tekstiir, pH,
Ec, azot, C/N ve agregat stabilitesi analizleri yapilmistir.

Analiz yontemleri asagida basliklar halinde siralanmustir.

2.4.1. Mekanik (Tekstiir) Analizi

Tekstiir analizi 6rneklerinin Bouyoucos’un hidrometre yontemine gore
yapilmistir. Hesaplanan kum, toz ve kil yiizdeleri kullanilarak uluslararasi
tekstiir siniflamasi esasina gore toprak tiirleri belirlenmistir (Giilgur, 1974).
Elde edilen sonuglar kil igeriklerine goére tekstiir smiflamasina tabi
tutulmustur (Tablo 1).

Tablo 1. Kil igerigine gore topraklarin tekstiir smifi araliklar

Kil Kaba Orta Ince
% 18 den az 18-35 arasi 35 den fazla

2.4.2. Toprak Reaksiyonu (pH) ve Elektriksel Iletkenlik Analizi
Toprak pH 6l¢iimleriHach-Lange HQ40D marka pH metre ile yapilmistir.

Aktiiel asitligi belirlemek ig¢in 1/2,5 oraninda toprak-saf su karigimi
kullanilmistir (Giilgur, 1974). Bulunan sonuglar asagidaki pH smif araligina
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gore degerlendirilmistir (Tablo 2).

Tablo 2. Toprak pH degerlerine gore toprak pH siiflar

Ph (L1:2.5 Kuvvetli | Orta Hafif Notr Hafif Kuvvetli

su) Asit Asit Asit Alkali Alkali

<4.5 4555 ] 5565 | 65-75| 7.5-85 >8.5

Ec 6l¢iimii yine yine Hach-Lange HQ40D marka cihaz ile yapilmistir. Ec
Olgtimii 1/2.5 oraninda ar1 suda yapilmis ve mikrosimens/cm olarak
belirlenmistir (Giilgur, 1974). Olgiilen degerler tablo 3 teki smiflamaya gére
degerlendirilmistir (Tablo 3).

Tablo 3. Topraklarda Elektriksel iletkenlik degerine gore tuzluluk siniflari

Cok Hafif Orta Pek

Tuzsuz Cok Tuzlu

Tuzlu | Tuzlu-tuzlu Cok tuzlu

Ec (uS/cm) | 0-2000 | 2000-4000 | 4000-8000 | 8000-16000 >16000

2.4.3. Organik Madde Analizi

Organik madde belirlemesi, Walkley-Black yas yakma metoduna gore
yapilip hesaplanmistir (Giilcur 1974, Kagar, 2009). Bulunan sonuglar
tizerinde Tablo 4 daki siniflamaya gére degerlendirilme yapilmistir.

Tablo 4. Organik madde degerlerine gore simif araliklari

Smif Araligi Cok Az Az Orta Iyi Yiiksek

OM % 0-1 1--2 2--5 5--10 >10

2.4.4. Agregat Stabilitesi(AS) Analizi

Agregat  stabilitesi  Ol¢limii, Yoder 1slak eleme cihazi ile
gerceklestirilmistir (Kemper ve Rosenau, 1986). Olgiimler 1 mm lik iizerinde
kalan toprak orneklerinden 2-4 gram aliarak yapilmigtir. Bulunan degerler
tablo 5.. deki smiflamaya gore degerlendirilmistir (Dilkova ve ark. 2002)
(Tablo 5).

Tablo 5. Agregat stabilitesi degerlerine gore agregatlagsma siniflari

Sinif araligi Zayif Orta Iyi Cok iyi

Agregat Stabilitesi % 0-25 26-50 51-75 | 76-100
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2.4.5. Azot Analizi

Toplam azot 6lgiimii, Kjeldahl yag yakma yontemi ile (Steubing, 1965,
Kagar, 2009) gerceklestirilmistir. Olgiilen bulgular tablo 6 daki smiflamaya
gore degerlendirmeye tabi tutulmustur.

Tablo 6. Toplam azot degerlerine gore toplam azot siniflamasi

Smuf Araligi Cok Az Az Yeterli Fazla | Cok Fazla

N (%) <0.045 | 0.045-0.09 | 0.09-0.17|0.17-0.32| >0.32

2.4.6. C/N Oram Belirlenmesi

C/N orami topraktaki olglilen karbon degerinin, toplam azot verisine
oranlanmasi ile belirlenmistir. C/N oram siniflamasi olarak 20den biiyiik
olursa alanin ayrigma bakimindan sorunlu kiigiikk olursa sorunsuz uygun
oldugu sonucu ortaya ¢ikmustir.

2.5. Istatistik Degerlendirme

Elde edilen verilerin degerlendirilmesi igin SPSS 16.0 istatistik paket
programi kullanilmigtir. Cevher atik dokiim sahalari arasindaki farkliligt
ortaya koymak i¢in tek yonlii anova yapilmigtir. Derinlikler arasindaki
farklilig1 belirlemek i¢in de bagimsiz t testi (Independent t test) yapilmustir.

3. Bulgular Ve Tartisma
3.1. Toprak Tane Boyutu (Tekstiir)

Tekstiir analizi sonuglarma goére elde edilen kum, toz ve kil degerleri
tablo 7 de verilmistir. Bu verilere gore genel degerlendirme yapildiginda 0-15
cm derinlik kademesinde kum miktar1 % 21,8 ile 92,6 arasinda, kil miktar1 %
5,1 ile 55,3 arasinda, toz miktar1 %2,2 ile 60,2 arasinda degisim gostermistir.
15-30 cm derinlik kademesinde ise bu degisim sirast ile kum (%15,3 ile
82,3), kil (%9,0 ile 61,1) ve toz (%5,1 ile 40,4) olarak hesaplanmustir.

Ortalama kum degerleri bakimmdan atik dokiim sahalarinda en yiiksek
deger 1. Bolgede, kil miktarlar1 bakimindan 3. Bolgede, toz miktarlari
bakimindan ise yine 3. Bolgede tespit edilmistir. Atik dokiim sahalar
arasinda kum ve toz miktar1 bakimmdan farklhilik istatistik diizeyde anlamli
diizeyde ¢ikarken (P<0,05) kil miktarinda ise sadece 15-30 cm derinlik
kademesinde anlamli diizeyde ¢ikmustur.

Yine derinlik ile birlikte kum miktarina azalma kil miktarinda artma toz
miktarinda ise artis ya da azalis olmustur. Fakat derinlik kademesi ile birlikte
olan bu degisimler istatistik bakimdan anlamli diizeyde ¢ikmamustir.
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Caligma sonucunda elde edilen bulgulara gore, galisma alani topraklarinin
ince orta ve kaba tekstiirlii toprak smiflarina dahil oldugu goriilmiistiir.
Ortalama kum kil ve toz degerlerine gore irdelendiginde Srneklemenin
yapildig1 1. Bolge kaba tekstiirlii, 2. ve 3. Bolgeler ise orta tekstiirlii sinifinda
degerlendirilebilecegi sonucu ortaya ¢ikmistir.

Yapilan literatiir ¢alismalarinda maden cevher atik sahalarinda bulunan
kum kil ve toz degerleri bu ¢aligmadaki degerlerle benzerlik géstermektedir.
Kolodziej ve ark. (2020), yapmis olduklari ¢aligmada, terk edilmis maden
sahalarinda kum degerini, % 63, kil degerini %13 ve toz degerini ise % 24
olarak bulmustur. Stefanowicz ve ark. (2020) terk edilmis ¢inko kursun
madenleri yiginlarinda yaptiklari analizlerde kum degerini % 66 toz degerini
% 21 ve kil degerini ise % 14 olarak bulmuglardir. Conesa ve ark.(2011) ise,
atik yigmlarindaki kum degerini % 78 Toz tegerini %14 ve kil degerini ise %
8 olarak bulmuslardir.

Tablo 7. Pasa dokiim sahalarina ait kum, kil silt (toz) degerleri.

°S | &8 | BT | B | B | § [E3
kum | 015 m (22?5&)2?6) (32?1’?2?2) (2‘;?8’(-)258) (21?;-’23,6) 0,000

0,
(%) 15-30 cm (3623?:;;3) (12?3&237) (2?,,51‘?;5;,9) 15,53?-’;: 3) 0,001
il 0-15 cm (; 21523%) (721 2’_13?,1) (52, i,g;a;) (5,21%15%3) 0,135

0,
*) | 1530 em (gl, 2_54?3;) (15?2’%:51) (1??;;?7) (9,201211) 0,006
sitt (Toz) 0-15cm (21;'_;'2517) (9113’_53?&11) (122?;)?2) (2,222.’600a,2) 0,000

0,
(%) 15-30 cm (; (i_ZZ;;\al) (123;2? z;) (12732’?554) (5,21(?’4?0?4) 0,005

Elde edilen sonuglar 1s181inda alana yapilacak veya yapilmasi planlanan
agaclandirma c¢aligmalarinda alanin genel degerlendirilmesi yapildiginda
agaclandirma i¢in uygun oldugu fakat bdlgesel degerlendirme yapildiginda
ise 1. Bolgede tekstiirel bakimdan alanin diizenlemeye ihtiya¢ duyuldugu
goriilmektedir. Bu diizenlemelere 6rnek olarak bu bolgede dncelikle egimin
etkisi diisliniilerek teraslama yapilmasi, su tutma kapasitesini artirmak amaci
ile organik madde ilavesi yapilmas1 gerekliligi ortaya ¢ikmistir. Bu sekilde
dikimden sonra alanda meydana gelecek olan siddetli yagiglarla beraber hem
egim derecesinin diigmesi hem de organik madde takviyesinin yapilmasi
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alandaki  erozyon ince maddenin

engelleyecektir.

olusumunu  veya tagimmasini

3.2. Toprak pH ve Ec

Atik sahalarindaki toprak orneklerine ait pH ve Ec 6lgiimlerine iliskin
bulgular tablo 8 de sunulmustur. Bu verilere gore pH degerleri tist toprakta(0-
15 cm) 3,20 ile 8,95 arasinda, alt toprakta(15-30 cm) ise 3,37 ile 9,25
arasinda degisim gostermistir. En yliksek ortalama pH degeri her iki derinlik
kademesinde de 3. 6rnekleme bolgesinde belirlenmistir.

Ornekleme bolgeleri pH verileri arasindaki farklilik, her iki derinlik
kademesinde de istatistiksel bakimdan anlamli diizeyde oldugu tespit
edilmistir (P<0,05). Ayn1 zamanda derinlik ile birlikte pH artis gdsterirken bu
artigin dnemli diizeyde olmadig1 belirlenmistir (Tablo 8).

Ornekleme noktalarinda dlgiilen pH degerleri, iki derinlik kademesinde de
biitin pH smifinda yer aldigi belirlenmistir. Ortalamalar {izerinden
degerlendirildiginde alanin topraklarinin genel anlamda hafif asit 6zelliklte
(5,5-6,5) oldugu belirlenmistir. Ornekleme bélgeleri olarak incelendiginde 1.
bdlge nétr, 2. bdlge orta kuvvetli asitli, 3. bolge ise hafif asit grubu
siniflamasina dahil olmaktadir. Yapilan bazi arastrmalarda terk edilmis
maden sahalarinda bulunan pH degerleri ¢alisjmamizdaki pH degerleri ile
ayni deger araliginda goriilmektedir( Stefanowicz ve ark. 2020, Kolodziej ve
ark., 2020 Canesa ve ark. 2011).

Caligma alaninin agaglandirma uygulamalari agisindan degerlendirilmesi
yapildiginda genel olarak agaglandirma i¢in uygun asit smifinda bulundugu
belirlenmistir. Fakat asir1 siddetli asit veya alkalen topraklarda ise kiregli
veya nitratli giibreleme tercih edilerek toprak 1slahi yapilabilir.

Tablo 8. Bolgelere gore ortalama pH ve Ec degerleri

% | = - _ o S £ § =
5% | £ 5 < = & 5 g S 3
O a @ M al o e A
0-15 6,79AX 5,68Ba 6,43ABa 6,30a 0.037

pH cm | (3,20-8,95) | (4,77-7,63) | (4,92-7,87) | (3,20-8,95) '
15-30 7,39Aa 5,59Ba 6,06Ba 6,35a 0.000

cm | (3,37-9,25) | (4,61-7,79) | (4,74-8,09) | (3,37-9,25) '
0-15 100Aa 84Aa 32Aa 72a 0137

Ec cm | (0,8-792,6) | (1,3-232,8) | (14,8-82,5) | (0,8-792,6) '
(uS/em) | 15-30 97Aa 256Bb 47Aa 133b 0.001

cm | (17,8-512,6) | (27,3-1002,0) | (20,5-165,5) | (17,8-1002,0)| '

Elektriksel iletkenlik degerleri tist toprakta (0-15 cm) 0,8 ile 792,6 uS/cm
arasinda, alt toprakta (15-30 cm) 17,8 ile 1002,0 uS/cm arasinda degisim
gostermistir. En yiiksek Ec degeri, st toprakta 3. 6rnekleme bolgesinde alt
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toprakta ise 2. Ornekleme bolgesinde ¢ikmustir. Ec degerleri bakimimdan
cevher atik dokiim alanlar1 arasinda ki farklilik her iki derinlik kademesinde
de istatistiksel olarak anlamli diizeyde bulunmustur (P<0,05). Ayn1 zamanda
derinlik kademesi ile birlikte Ec degerlerinde artis tespit edilmis, bu artim
hem genel ortalamada ve 2. bolgedeki Ec degerlerinde anlami diizeyde
¢ikmustir. (Tablo 8). Canesa ve ark, yaptiklar1 ¢alismada maden sahasi
topraklarindaki Ec degerini 300 puS/cm olarak bulmuslardir. Bu bulgu bizim
calismadaki Ec degeri i¢in dl¢tiigiimiiz degerler araliginda kalmustir.

Calisma alaninda analiz edilen topraklar Ec degerleri bakimmdan yapilan
smiflamada tuzsuz smifina girmektedir. Bu baglamda yapilacak agaclandirma
¢aligmalarinda herhangi bir miidahaleye gerek duyulmadigi, ayni zamanda
agaclandirma faaliyetleri igin elektriksel iletkenlik bakimindan kisitlamanin
s6z konusu olmayacag ifade edilebilir.

3.3. Organik Madde (OM)

Arastirma alanindan alinan topraklara ait organik madde degerleri tablo 9
da verilmistir. Buna gore organik madde iceriginin iist toprakta % 0,97 ile %
3,56 arasinda, alt toprakta % 0,85 ile % 2,79 arasinda degistigi tespit
edilmigtir. Atik dokiim alanlar1 arasinda en fazla organik madde icerigi her
iki derinlik kademesinde de 3. bdlgede oldugu bulunmustur. Atik dékiim
alanlar1 arasinda organik madde igerigi agisindan ortaya ¢ikan farklilik, her
iki derinlik kademesinde de istatistiksel olarak anlamli diizeyde oldugu
belirlenmistir (P<0,05). Ayn1 zamanda derinlik kademesi ile organik madde
arasinda ters bir orant1 bulunmustur. Bu azalma durumu istatistik bakimdan
onemli diizeyde ¢ikmamustir.

Aragtrma alanindan elde edilen bulgulara gore organik madde
bakimindan alanlarin  organik maddece yetersiz sinifinda oldugu
belirlenmistir. Bolgesel olarak degerlendirildiginde 1 ve 2. bolge yetersiz 3.
Bolge ise organik maddece az smifinda degerlendirilmistir. Bolge i¢in ilerde
planlanmasi diisliniilecek bir agaglandirma ¢alismasinda bu bolgenin mutlaka
organik madde bakimindan takviye edilmesi gerekliligi ortaya g¢ikmustir.
Bolgenin maden sahasi olmasi diisiiniilerek hem agir metalleri tutucu hem de
topragi besin maddece zenginlestirici otsu bitkilendirme yapilmasi dncelikli
tercihlerden olabilir. Ikinci bir alternatif yontem olarak bolgeye yakin
alanlardan alana organik madde ilavesi yapilarak alanm iyilestirilmesi
gerekliligin olusmasidir.
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Tablo 9. Bolgelere gore ortalama organik madde degerleri

x| = " N < £ ~
2 2 | a2 | s8 | 35| s |E%
O N I3 o >~ He) ~ Heo N + fe) &])
= O 0O [aa [aa m o = 3
A A
| 0-15 | 146Aa | 1,40Aa | 201Ba | L62a
Oh;gzzgk om  |(0,97-2,77)| (0.88-2,36) | (1,07-3,56)| (0,97-3.56) | 002
o | 5% | L28Aa | 143ABa | 168Ba | ldba |,
cm | 0,07-1,85 | 0,85-2,25 | 0,85-2,79 | 0,85-2,79 |’

3.4. Toplam Azot ve Karbon Azot Orani

Caliyma alanindan alman topraklara ait toplam azot ve C/N orani
degerleri tablo10 da verilmistir.

Toplam azot igerigi ¢aligma alanlarinda, {ist toprakta, % 0,05 ile 0,20
arasinda degisim gosterirken, alt toprakta ise % 0,05 ile 0,15 arasinda
olmustur. Cevher atik dokiim alanlar1 arasinda en fazla deger, {ist toprakta 3.
Bolgede, alt toprakta ise 2. Bolgede ¢ikmustir. Istatistik olarak irdelendiginde
atik dokiim sahalar1 arasinda toplam azot yiizdesi olarak farklilik her iki
derinlik katmaninda da anlamli diizeyde (P<0,05) bulunmustur ( Tablo 10).

Calisma sonucunda bulunan bulgulara gore cevher atik topraklari
ortalama degerler bakimindan toplam azot igerigi olarak az sinifinda yer
almistir. Atik dokiim bdlgeleri arasinda degerlendirilme yapildiginda ise 2.
Bolge yeterli sinifinda, 1. ve 3. Bolge ise azot¢a az smifi iginde yer aldigi
belirlenmistir.

Alanda restorasyon c¢alismasi planlanmasi durumunda caligma alam
topraklarini azot igerigince zengin duruma getirmek i¢in, ek takviyelere
ihtiyag duyulmaktadir. Bu takviyeler azot baglayict otsu bitkiler, organik
madde takviyesi veya yapay azotlu gilibreler olabilir. Mevcut haliyle bir
agaclandirma ¢aligma planlanirsa, alanin azot igerigince fakir oldugu igin
agaclandirma  basar1 oranmin ¢ok diisik seviyelerde kalacagi
diistiniilmektedir.

Yapilan ol¢timlerle birlikte, cevher atik dokiim alanlari irdelendiginde,
C/N orani iist toprakta, 4,8 ile 34,2 arasinda degisim gosterirken, alt toprakta
ise bu degisim 4,2 ile 26,8 arasinda gergeklesmistir. Cevher atik dokiim
alanlar1 arasinda en yiiksek C/N orani her iki derinlik katmaninda da 3.
bolgede tespit edilmistir. Dokiim alanlar1 arasinda C/N miktar1 bakimindan
her iki derinlik kademesinde de istatistiksel olarak anlamli farklilik
¢tkmustir(P<0,05). Yine derinlik kademesi arttikca C/N miktarinda azalma
olmus, degisim istatistik bakimdan anlamli seviyede ¢ikmamistir. Sadece 1.
bolgede farklilik istatistiksel olarak anlamli diizeyde ¢ikmistir (Tablo 10).
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Alanda C/N orami bakimindan topraklarin istenilen diizeyde oldugu
gOrilmiistiir.

Tablo 10. Bolgelere gore ortalama toplam azot ve C/N orani degerleri

£3 | £ | 3. |9~ | 3~ | E |i3
S 73 5 5 < =2 | L E C 3
e a @ @ a o e A
0-15 0,09Aa | 0,11Ba | 0,08Aa 009 [ oo

Toplam cm | 0,06-0,12 | 0,07-0,20 | 0,05-0,18 | 0,05-0,20 |
Azot (%) 15-30 | 0,10Aa | 0,10Aa | 0,08Aa 009% | a0

cm | 0,07-0,14 | 0,07-0,15 | 0,05-0,15 | 0,05-0,15 | '
0-15 9,4Aa 7,7Aa 15,8Ba 109 | oo

oIN cm 6,5-15-7 | 4,8-133 | 6,5-34,2 | 4,8-342 |
15-30 7,5Ab 8,5Aa 13,4Ba 9,8a 0023

cm 50-11,4 | 4,2-165 | 7,0-26,8 | 4,2-26,8 '

3.5. Agregat Stabilitesi (AS)

Aragtirma alanindaki topraklarin agregat stabilitesi analiz sonuglarina ait
verier tabl 11 de verilmistir. Bu verilere gore agregat stabilitesi degeri st
toprakta %8,4 ile 73,7 arasinda, alt toprakta ise % 6,3 ile 71,5 arasinda
degisim gostermistir. Ornekleme alanlar1 arasinda en yiiksek deger iist
toprakta 2. bolgede, alt toprakta ise 0-15 cm derinlikte 2. bolgede tespit
edilmigtir. Cevher atik dokiim alanlar1 arasindaki farklilik agregat stabilitesi
bakimindan 0-15 cm derinlik kademesinde de istatistiksel olarak anlamli
diizeyde oldugu belirlenmistir (P<0,05). Yine derinlik kademesinin atmasi ile
birlikte agregat stabilitesinde bir azalma egilimi goriilmiistiir. Fakat bu egilim
istatistik bakimdan anlamli seviyede bulunamamistir (Tablo 11).

Agregat stabilitesi verileri degerlendirme yapildiginda ¢aligma alani
topraklarinin zayif, orta ve iyi smifinda yer aldigi belirlenmistir. Genel
degerlendirme yapildiginda genel olarak alanin agregat stabilitesi degerleri
bakimmdan orta smifta oldugu belirtilmistir. Atik depolama bolgeleri
degerlendirildiginde iist toprakta biitiin bolgelerin orta diizeyde agregatlagsma
siifinda oldugu tespit edilirken, alt toprak katmaninda ise 1 bolge zayif, 2 ve
3. bolgenin ise orta derece agregatlasma sinifina dahil oldugu tespit
edilmistir.

Bulunan bu sonuglara gore alanda olas1 bir agaglandirma veya restorasyon
faaliyeti kapsaminda depolama alanlarinin hem erozyonla toprak kaybini
engellemek hemde verimli hale getirmek icin alann organik madde
takviyesine ihtiyaci vardir. Zaten ¢alisma bolgesinin organik maddece diisiik
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oldugu s6z konusu olugu i¢in organik madde takviyesi agregat diizenleyici
olarak ¢ok elzem goriilmektedir.

Tablo 11. Bolgelere gore ortalama agregat stabilitesi degerleri

<= = g | %@ | %C S £ g
g3 5 5 | 5= | 5= I O 5
) a) a) M A o A

26.0Aa | 435Ba | 33.6ABa | 34.7a
Agregat | 0-15¢m | o ) 193 | 154737 | 10,8726 | 84737 | 0%
Stabilitesi

150Ab | 323Bb | 275Ba | 252b
1 ) , , , ,
(%) |15-30em| 2028 | 145530 | 63715 | 63715 00

4. Sonuc ve Oneriler

Atik dokiim depolama sahalarma ait toprak o6zellikleri icin elde edilen
sonuglar agagida 6zet olarak ¢ikarilmistir.

Cevher atik depolama alanlarinda tekstiirel yap1 olarak daha ¢ok kaba
tekstiirlii toprak sinifi ortaya ¢ikmistir. Toprak tane boyutlari arasindaki
degisimler bakimmdan 3. Bolgedeki degisimler daha belirgin sekilde ortaya
¢ikmistir. Dokiim alanlarindaki topraklara ait pH degerleri cesitlilik arz
etmektedir. Kuvvetli asit sinifindan alkali sinifina kadar toprak asit gruplarina
ait topraklar bulunmaktadir. Genel ortalama degerler {izerinden bakildigindan
alanin hafif asit ve notr toprak sinifinda oldugu goriilmektedir. Anakaya
¢esidi ve cevher isleme metotlar1 toprak asitliligi iizerinde degisimlere sebep
olmustur. Diger yandan Ec degerleri bakimindan alandaki topraklar igin
tuzluluk acismndan bir problemi olmadigi gorilmistir. Atik dokim
alanlarindaki topraklarin organik madde icerigi biitiin alanlarda yetersiz
diizeyde oldugu goriilmiistiir. Toplam azot igerigi bakimindan topraklarin
azotca fakir smifinda oldugu kismende yeterli diizeyde oldugu goriilmiistiir.
C/N orani atik dokiim depolama alanlarinda 4,8 ile 34,2 arasinda degisim
gostermistir. Genel olarak C/N orani 15in altinda bulunmustur. Ormancilik
acisindan 15-25 arast bir degerin olmasi tercih edilmektedir. Agregat
stabilitesi icin Ol¢lilen degerler siniflandirma olarak zayif ve iyi toprak sinifi
arasinda degisim gostermigtir. Ortalama verileri degerlendirildiginde ise
topraklarin agregat stabilitesi sinifi olarak orta sinifinda oldugu belirlenmistir

Atik dokiim depolama bolgelerindeki topraklara ait yapilan bazi analizler
sonucunda alanin verimlilik acisindan olumsuz 6zelliklerinin oldugu ve
erozyona egiliminin yiiksek oldugu bulgular1 ortaya ¢ikmaktadir.

Bu sonuglar 1g18indan madencilik uygulamalarinin toprak ozelliklerinin
degisiminde onemli derecede etkili oldugu, bdylelikle alanin bozulmasi ve
zarar gdrme durumu daha belirgin sekilde agiklanabilmektedir. Bu sebepten
dolayr madencilik uygulamalarinin bitmesinin ardindan bu alanlarin acilen

128



International Studies on Natural and Engineering Sciences Chapter 7

restorasyon kapsamina alinmasi gerekliligi belirgin sekilde ortaya ¢ikmustir.
Hem toprak verimliligi hem erozyon engelleme durumu hem de iyilestirme
acisindan bu alanlarm tekrar dogaya kazandirilmasi gerekmektedir. Ozellikle
atik depol alanlarnin yesil ortii ile bulusturulmamasi durumunda siddetli
yagiglarla birlikte alanin erozyona maruz kalma olasiligi ¢ok yiiksek
olacaktir. Diger taraftan topraklarin agir metal analizlerinin yapilmasi ile
birlikte tiir segiminde agirm metalleri tutucu bitkilerin tercih edilmesi alanin
amaca uygun sekilde restorasyonunun yapilmasini saglayacaktr. Hem
otlandirma hemde agaglandirma faaliyetlerinin yapilmast sonucunda toprak
kayb1 6nlenmis olacaktir.

Tesekkiir ve Bilgilendirme: Bu ¢alisma, Orman Miihendisligi Anabilim
Dalinda yiiksek lisans dgrencisi olan Sami ATA’nin yiiksek lisans tezindeki
veriler kullanilarak hazirlanmistir. Ayrica bu ¢aligma bildiri olarak , “MAS
9th International European Conference On Mathematics, Engineering,
Natural & Medical Sciences” adli konferansta sunulmus ve bildiri kitabinda
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1. Giris

Kurutma, 1s1 ve kiitle transferine bagli nem azaltma islemidir. Basta gida
sektorii olmak lizere sanayide bir¢cok sektdrde depolama islemleri igin tercih
edilen yontemdir. Gida sektoriinde kurutma yonteminin kullanimi ile
malzemenin su miktar1 ve boyutlar1 azaltilmaktadir. Bu sayede hem uzun

Omiirlii hem de kolay depolama yapilabilmektedir. (Kilig ve Tabanligil
Calam, 2020; Dagli vd., 2020).

Kurutma sicakligi, kurutulacak {iriiniin kurutulmus urunun renk, aroma,
tat, su tutma kapasitesi, rehidrasyon hiz1 gibi rehidrasyon 6zelliklerini etkiler.
Rehidrasyon seviyesi, kullanilig amacina gore degismektedir. Absorbe edilen
su miktar1 gida iiriinlerde &nemli kalite kriterlerinden birisidir (Intepe ve Tiirk
Tugrul, 2010).

Enerji fiyatlarinin artmasi, iiriin kalite kriterlerinin artmasi, sera gazlarinin
artmasi kurutma teknolojilerinin gelistirilmesini etkin bir sekilde devam
ettirecektir. Enerjiyi olduk¢a yogun olarak kullanan kurutma iglemlerinin
daha iyi tasarlanmis ve boyutlar1 kigiltilmiis  kurutucular ile
gerceklestirilmesi  sayesinde islem  maliyetinde tasarruf —miimkiin
olabilmektedir. Kurutma isleminde yapilacak yenilikler 1s1, kiitle ve
momentum transferinin temel ilkelerinin yani sira biyolojik malzeme
bilgisinin uygulanmasiyla da ger¢eklesmesi miimkiindiir (Celen, 2010).

Kurutma egrilerini agiklayan teorik, kismi-teorik ve ampirik modeller
ince tabaka matematiksel modeller ile incelenmektedir (Daghi ve Celen,
2020). Bu c¢aligmada kullanilan model de bu modellerden bir tanesi olan
Verma et al modelidir.

Mikrodalgalar, elektrik alandaki elektronlarin titresmesi sonucu olusan
yiiksek frekansli dalgalardir. Mikrodalga ile kurutma elektromanyetik 1s1ma
ile gerceklesmektedir. Mikrodalga 1sima bir manyetik alan ile bir elektrik
alandan olugmaktadir. Ornegin mikrodalga firinlar, suyun en fazla emebildigi
enerji frekanst olan 2,45 GHz frekansta calisir. Mikrodalga firmin iginde
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kurutulan iiriiniin molekiilleri enerji emilimi ile kisa siire i¢inde milyarlarca
defa titresir ve iiriin kinetik enerji ile 1sinir (Celen, 2019). Elektromanyetik
spektrum iginde oOzelliklerine goére birbirinden ayrilan ¢esitli 1gnlar yer
almaktadir. Dalga boylar1 1 milimetreden 1 metreye ve frekanslar1 300 MHz
‘den 300 GHz’e kadar degismekte olan dalgalar, mikrodalga adini
almaktadir (Celen vd., 2018).

itfaiye hortumlarm mevcut kurutma sistemleri dogal kurutmadir. Agik
hava sartlarinda yapilan dogal kurutma islemleri sonucunda kuru {iriine
ulagilmasi i¢in uzun zaman dilimleri gerekmektedir. Bu durum acil kullanim
durumu s6z konusu oldugunda sikintilar dogurmaktadir (Dagl vd., 2020). Bu
dezavantajdan yola ¢ikarak hortumun kisa zamanda ve seri sekilde kurutulup
kullanilabilmesi i¢in mikrodalga ile hortum kurutma konusunda bu ¢alisma
yapilmistir.

Kurutma oncesi gergek kosullar dikkate alinarak 30 ve 60 dakika boyunca
yangin hortumuna su banyosu iglemi uygulanmistir. Denemeler mikrodalga
kurutucuda 120 W, 350 W ve 460 W kurutma giicii degerlerinde yapilmistir.
Kullanilan hortumlar, miidahale esnasinda da siirekli su ile temasta
oldugundan, ¢alismanm ger¢ege yakinligini saglamak amaciyla hortumlar 30
ve 60 dakika suda bekletilmis ve su emdirme islemi yapilmistir. Mikrodalga
kurutucuda yapilan kurutma deneylerinden elde edilen veriler ile
matematiksel modellerden Verma et al. modelinin kullanilabilirligi
aragtirtlmustir.

Verma et al modeli birgok literatiirde kullanildig1 goriilmiistiir. Yapilan
bu c¢alismalardan bazilar1 thlamur yapragi (Selvi, 2020), ayva (Karaaslan vd.,
2016), kakao (Hii vd., 2009), prina (Celen vd., 2015) ve yesil fasiilyedir
(Doymaz vd., 2015).

2. Materyal ve Metot

itfaiye istasyonlarda yangma miidahale hortumlar1 kullanilmakta olup dis
kismi kumas, i¢ kismu kauguktan olusmaktadir (Sekil 2.1). Bu caligmada
piyasada satilan 20 m uzunlugunda kirmizi renkte B tipi yangin miidahale
hortumundan 20 cm wuzunlugunda numuneler kesilip deneylerde
kullanilmistir (Dagli, 2020). Deney oOncesinde hortumlarin basinda ve
sonunda bulunan lanslar sokiilmiis ve sadece hortum kismi iizerinde
caligmalar gerceklestirilmistir. Numunelerin agirliklart 0,001 g hassasiyete
sahip hassas terazi (Presica XB 620 M) ile ol¢iilmistiir. Kurutma
denemelerinde Sekil 2.2 de gosterilen maksimum 800 W, 2450 MHz giiciinde
Argelik MD 554 marka mikrodalga kurutucu kullanildi. Denemeler 120 W,
350 W ve 460 W gii¢ degerlerinde gergeklestirilmistir.
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Sekil 2.1: Yangima miidahale hortumu numunesi

Sekil 2.2: Mikrodalga Kurutma Sistemi (Celen vd., 2015)

Denemelere baslamadan 6nce, hortumlarin kullanim kosullar1 dikkate
alindiginda (miidahale islemi esnasinda ve sonrasinda yas durumda olduklar1
i¢in) hortum numuneleri 30 ve 60 dakika siire suya maruz birakilmiglardir.
Deneylerde derin bir kap igerisinde su emmesi saglanan numunelerin yas
agirliklart tartilmis, denklem 2.1 yardimiyla yas nem degeri denklem 2.2 ile
boyutsuz nem orani belirlenmistir.

My — M
mETy, 2.1)
my = mi (2.2)

Bu denklemlerde; m: yas baza gore nem igerigi, my: ilk nem igerigi, My:
tirliniin kuru kiitlesi (g) ve My: liriiniin yas kiitlesini (g) temsil eder (Celen ve
Kus, 2016; Celen vd., 2015).

Transport mekanizmalarinin karmagikligindan dolayr gida maddelerinin
kuruma davraniglar1 genellikle deneysel ve yari-deneyse modeller ile
gosterilir. Verma et al denklemi de bu modellerden biridir. Elde edilen
deneysel veriler bu formiillerde denklem 2.3 de verilen Verma et al. model
icin yerine konup deneysel ve model verileri arasinda grafiksel
kargilastirilmasi yapilmustir. Analiz XLSTAT programu yardimu ile non-lineer
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regresyon yontemi ile nem degerlerindeki diisiis incelenmis ve uygun
modellemesi yapilmistir (Moralar ve Celen, 2020). Verma et al denkleminde
t zamani, a, g ve k kuruma sabiti gostermektedir (Verma ve ark. 1985; Celen
vd., 2017).

mg= a.exp(-kt) + (1-a)exp(-gt) (2.3)

3. Arastirma ve Bulgular

30 ve 60 dakika su da bekletilip mikrodalga kurutucuda kurutulan hortum
numunelerinin su emme miktarlart Tablo 3.1 de gosterilmistir. H1 ve H2
olarak gosterilen iki farkli numune igin denemeler yapilmigtir. Her iki
numunenin de 30 dakikalik siirede yaklasik olarak ayni miktarda su emdikleri
goriilmiistiir. Fakat 60 dakika icin biraz daha fark goriilmektedir. Bunun
sebebi 20 m hortumun her bir pargasmmimn homojen olmamasidir. Bu iki
agirligin ortalamasi almarak analiz hesaplamalar1 yapilmistir.
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Tablo 3.1: Horturm nmurmunelennin su absorbsiyvon miktararn

Suda bekleme siiresi
30 dakika 60 dakika
Gilig 50 dakika Su 60 dakika Su
il 2k sonraki Son |abserbsivon | Nemlenme | ik agulk sonraki Son zbzsorbsiyon | Nemlemme
(z) aguhk nem miltan %, (g) 2fulik nem miktan %,

W) ® ® ® ®
120 HI1:125674 | H1:142.435 0.0557 HI:16,761 |HI1:13336 | HI:125468 | HI1:141980 0.0604 H1:16,512

H2:123.713 | H2: 142813 S0 H2:A7.102 | H2:13,604 | H2:123783 | H2: 141623 | H2:15,34
350 HiI:128.148 | HI:144.168 0.0604 HI:1602 |[HIA2S HI:126.802 | H1:144 043 0.055 H1:17243 H1:13.598

H2: 128374 | H2: 144510 : H2:15963 |H2:12415 |H2:1270534 |H2: 143600 | H2:16.656 H2-13.111
160 HI1:123933 | H1:140.813 0.0554 H1:16.38 HI1:13,620 | H1:128,032 | H1:144.411 0.0632 HI1:16,379 H1:12.792

H2:123.795 | H2: 140236 : H2:16.441 | H2: 13280 | H2: 126271 | H2:141,593 S H21532 H2:12.134
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Denklem 2.2 yardimi ile boyutsuz nem orani hesaplandiktan sonra
denklem 2.3 uygulanarak yapilan analiz sonuglar1 Tablo 3.2 ve 3.3 de
verilmistir. 120 W, 350 W ve 460 W mikrodalga kurutma gii¢lerinde yapilan
kurutma denemelerinin nem degerlerinin Verma et al denklemine uygunlugu
r, es ve x2 degerlerinden goriilmiigtir. Tablo 3.2 de, r : korelasyon
katsayisin1 , es : standart sapma degerini, %2 : ki-kare degerini
gostermektedir. Tablo 3.2 ve Tablo 3.3 de goriildiigii gibi korelasyon
katsayisiin bire yakinlastigi, standart sapma ve y2 degerlerinin sifira ¢ok
yaklastig1 goriilmektedir. Bunun sonucunda Sekil 3.1 - 3.4° den de teorik ve
deneysel verilerin uygunlugu goriilmektedir.

Tablo 3.2: 30 dakika su banyosunda bekletilen hortumun analiz sonuglar1

MODEL Mikrodalga Giicii  Sabitler  r r e

a=-0,38
120 W k=0,03 0,967 0,037 0,0014
g= 0,025

a= -0,359
VERMA ET AL. 350 W k=0,060 0,962 0,041 0,0017
g= 0,070

a=0,128
460 W k=0,015 0,98 0,027 0,00073
0g=0,119

Tablo 3.3: 60 dakika su banyosunda bekletilen hortumun analiz sonuglar1

Mikrodalga

MODEL Giicii

Sabitler  r r e

a=-0,171
120 W k= 0,027 0,980 0,0008 0,028
g= 0,022

a=-0,102
VERMA ET AL. 350 W k=0,0006 0,991 0,0004 0,0203
g= 0,073

a=-0,109
460 W k=0,028 0,994 0,00025 0,016
g= 0,086
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Denklem 3.3’ de verilen kuruma sabitleri kullanilan yazilim sayesinde
hesaplanmistir. Denklem 3.3’¢ gdre kurutma sonuglarini hortum numuneleri
icin Verma et al denklemini Tablo 3.3’ deki gibi yazabiliriz.

Tablo 3.3: Kuruma denklemleri

Mlkrf)d:alga Kuruma denklemi
giicii
120 W mg=-0,38.exp(-0,03t) + (1+0,38)exp(-0,025t)

30 dakika 350 W

mg= -0,359.exp(-0,069%) + (1+0,59)exp(-0,071)

460 W

mg= 0,128.exp(-0,015t) + (1-0,128)exp(-0,119%)

120 W

mg= -0,171.exp(-0,0271) + (1+0,171)exp(0,022)

60 dakika 350 W

mg=-0,102.exp(-0,0006t) + (1+0,102)exp(0,073t)

460 W

mg= -0,109.exp(0,0281) + (1+0,109)exp(0,0861)

08

H 120 W Deney
A 350 W Deney
® 460 W Deney

06 |
o -
E L
e

0,4 -

EEEN
0,2 -
O i T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70

Zaman (dk)

Sekil 3.1: 30 dakika suda bekletilen hortum numunesinin Verma et.al modeli
ile deneysel sonuc¢larmin karsilastirilmasi
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H 120 W Deney
A 350 W Deney
® 460 W Deney

08 1

I —— Model

0,6 T
o [
£
e

04

[ § |
02+
(I T e T e
0 10 20 30 40 50 60 70
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Sekil 3.2: 60 dakika suda bekletilen hortum numunesinin Verma et.al modeli
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Sekil 3.3: 30 dakika suda bekletilen hortum numunesinin model ile deney
sonuglarmm uyumlulugu
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Sekil 3.4: 30 dakika suda bekletilen hortum numunesinin model ile deney
sonuglarmm uyumlulugu

4. Sonuclar

30 ve 60 dakika su banyosunda bekletilen hortumlarin mikrodalga enerjisi
ile kurutulmasmdan sonra sonuglarin Verma et al. modeline uygunlugu igin
hesaplanan korelasyon sayist 0,96-0,99 araliginda, standart sapma 0,00073-
0.028 araliginda ve 2 degeri 0,00025-0,041 araliginda bulunmustur. En
uygun degerlerin her iki kurutma i¢in de 450 W giicte oldugu goriilmektedir.
Ayrica mikrodalga giiciiniin artmasi ile kuruma zamaninin da azaldigi
grafiklerden gorilmiistir. Bu kurutma modelinin hortumu olusturan
malzemelerin kurutulmasinda da uygulanabilecegi 6n goriilmektedir.
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Abstract

It is known very well that hydropower energy is a type of the most important
renewable energy in the world, and of course its positive impacts on the
environment should not be ignored.

However large dams provide great and reliable power supply and benefits for
irrigation and flood protection, but they require high cost and can cause some
environmental problems. In this case, small hydro energy capacity is
considered that to be an important role on Turkish economy and
environmental issues.

Hydroelectric energy has an important place in energy sector is generated
from 26 main Basins in Turkey. Sakarya Basin is one of the most important
water resource in Turkey. However, hydroelectric energy production by
utilizing these rivers has not reached the desired level yet in the basin.

In this study, hydro energy potential has been determined in the Sakarya
Basin by using trend analysis. While it is applied trend analysis Mann
Kendall Test, Spearman’s Rho Test, Sen’s Slope formulas are used with
Delphi 7.0 programming in this study also.

Keywords: Hydro energy, small hydropower, trend analysis, Sakarya
Basin, Turkey

1. Introduction

Water is one of the most valuable natural resources in human life, in all
living things and shortly in the nature. Throughout history, civilizations have
found life in places near water. While excessive water causes floods, less
water, however, negatively affects people's lives and can even cause mass
migrations.

A development analysis policy of Turkey's electricity system has been
provided in the "Medium and Long-Term Generation Investment Plan”
issued by the Turkish Electricity Transmission Company (TEIAS). The plan
prepared by TEIAS (TEIAS, 2006) represents electricity generation
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investment proposals up to the year 2020. In the TEIAS study, the data
required for hydroelectric power plants was provided by State Hydraulic
Works (DSI) and Electrical Power Resources Survey and Development
Administration (EIE). The scenarios cast in the study are based on the policy
that domestic and renewable sources should be considered for hydroelectric
power plants.

The gross hydroelectric energy potential of Turkey is at the level of 433
billion kWh. It is estimated that the technically feasible part of this potential
is around 216 billion kWh. The economic hydroelectric potential of the
country for the year 1999 was 123 billion kWh. This potential is currently in
use, with 30% of its 37 billion kWh production capacity, and 11% of its 13.6
billion kWh production capacity presently under construction DSI, 2004;
(Yuksel, 2009; Yuksel, 2010).

The remaining 59%, with production potential of 72.4 billion kWh, is at the
project level, consisting of preliminary inspection, master plan, feasibility
and final project phases. Of the 485 hydroelectric power plants (total
production capacity of 123 billion kwWh), 104 are operational, 37 are under
construction, and the remaining 344 are at the project level awaiting
development. The natural energy resources in Turkey are limited, the
country’s national energy sources are on average around 246 billion kWh per
year, with about 125 billion kWh hydro power, 105 billion kWh lignite and
16 billion kWh coal (DSI, 2004).

Water resources of Turkey have been presented in Table 1 (DSI, 2004; DSI,
2005). Considering the criteria accepted in the world, if the annual amount of
water per capita in a country is 10,000 m* or more, this country is among rich
countries category in terms of water potential. According to these criteria,
which are accepted in Turkey as well, Turkey is not a rich country in water
potential and at the same time, it will enter into the category that will suffer
from water shortages after a certain period when the annual population
increase is considered (Yuksel and Demirel, 2018).

Table 1: Water Resources in Turkey (DSI, 2004; DSI, 2005)

Water Resources Amount
Mean annual precipitation 642.6 mm
Volume of the mean annual precipitation 501 km®
Surface Water

Annual flow 186.05 km?
Annual run-off coefficient % 0.37
Present annual consumption 27.5 km?
Groundwater

Annual safe yield 12.2 km®
Allocated amount 7.6 km®
Present annual consumption 6.0 km®
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View point of hydrological condition there are 26 basins in Turkey. Meric,
Coruh, Aras Tigris and Euphrates basins enter transboundary waters group.
The average annual water potentials of these basins originating from Turkey
are 1.33, 6.30, 4.63, 21.33 and 31.61 billion m® respectively. This total value
of 65.2 billion m® is of great importance when the geopolitical situation of
Turkey is considered (Yuksel and Demirel, 2018).

2. Hydropower Potential and Energy Demand in Turkey

Turkey’s annual total gross, technically feasible and economically feasible
hydropower potentials calculated by General Directorate of State Hydraulics
Works (DSI) are 433, 216 and 158 TWh (this will be increase 180 in the
future), respectively (Yuksel, Arman and Demirel, 2020).

The electric energy demand varies according to various parameters. The main
parameters to affect the energy demand are: Gross National Product (GNP);
population and demographic variations; development in housing, industry,
agriculture and transportation sectors; income per capita; climatic conditions;
employment, technological development, etc.

In a study (Bakir, 2005), according to DSI and Bakir Turkey's annual
hydropower capacity was compared. The results of this study have been
presented in the Table 2.

Turkey’s annual electric energy demand values were estimated for 2020 by
using the MAED MODEL scenarios. According to these scenarios Turkey’s
annual electric energy demand is predicted between 407-571 TWh in 2020
(RTLED, 2004; Yuksel, Arman and Demirel, 2020).
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Table 2: Turkey’s Annual Hydropower Potential According to DSI and Bakir
(Bakir, 2005)

Potential According to Potential According to
Name of The Gross DSI Bakir
Basin Pot. Econ. Installed Econ. Installed
(GWh) Feasib. Power Feasib. Power
Pot. (MW) Pot. (MW)
(GWh) (GWh)
Firat 84 122 39375 10 345 46 267 12176
(Euphrates)
Dicle (Tigris) 48 706 17 375 5416 24 353 7610
Eastern Black 48478 11474 3257 24 239 6 925
Sea
Eastern Meditt. 27 445 5216 1490 10978 3137
Antalya 23079 5355 1537 9232 2638
Coruh 22 601 10933 3361 12 431 3825
Ceyhan 22163 4825 1515 8 865 2 860
Seyhan 20 875 7853 2146 9394 2609
Kizilirmak 19552 6 555 2 245 7821 2 697
Yesilirmak 18 685 5494 1350 8 408 2213
Western Black 17 914 2 257 669 7 166 2108
Sea
Western 13595 2628 723 5438 1511
Meditt.
Aras 13114 2372 631 5246 1418
Sakarya 11335 2 461 1175 3967 1984
Susurluk 10573 1662 544 2 643 881
Others (Total) 30744 1788 546 1721 507
Total 432 981 127 623 36 950 188 169 55 099

According to design level and classification distribution capacities of hydro
power in Turkey (DSI, 2007; EIE, 2004) are given in the Table 3 and Table 4

respectively.

Table 3: According to Design Level Capacities of Hydro Power in Turkey

(DS, 2007)
Number of Total Installed Proven Total Annual
Design Level Power Capacity Production  Production
Stations (MW) (GWhlyear)  (GWhlyear)

In operated > 10 MW 74 193 287 722
In Operated < 10 MW 68 12.595 33.273 45.208
Under construction > 10 MW 8 45 151 228
Under construction < 10 MW 32 3.152 6.207 10.290

Present total 182 15.985 39.918 56.448
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Table 4: According to Classification Distribution of Hydro Power Capacities

(EIE, 2004)
Classification Number of Total Capacity Total Annual Percentage of
HEPP (MW) Energy (GWh) Total Annual Energy (%)
<5mW 139 312 1.568 217
5-10 mW 79 548 2.135 295
10-50 mW 186 4.595 18.244 25.22
50-100 mW 54 3.824 13.524 18.70
100-250 mW 36 5.527 18.179 2513
250-500 mW 1 3.500 11.657 16.11
500-1000 mW 3 1.791 3.199 442
>1000 mW 1 1.200 3.833 5.30
Total 509 21.297 72.339 100

On the other hand, however, the remaining economically feasible potential is
nearly 22.000 GWh/year there is about 80 installed SHP with 177 MW
capacity, in Turkey 5 % of which with medium head and 95 % with high
head (DSI, 2007; Punys, 2004).

3. Sakarya Basin and Water Resources for Hydro Energy

Sakarya Basin is one of the 26 main basins in Turkey and called number is
12. With 58.160 km® area and 31.057 billion m* average perception the
Sakarya Basin is the one of the most important basin in Turkey. The Sakarya
Basin (study area) is presented in the Figure 1 (DSI, 2004).

Figure 1: Study Area (Sakarya Basin) (DSI, 2004).

In this study, 7 streams which are observed their water discharge and the
others hydraulics and hydrological characteristic were selected in the Sakarya
Basin. Trend analysis was applied in these streams. These streams and their
characteristics are given in the Table 5 (EIE, 2008; Yuksel and Demirel,
2018).
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Table 5: Some Characteristics of The Selected Streams for Trend Analysis in
The Sakarya Basin (EIE, 2008; Yuksel and Demirel, 2018).
Observation ~ Water Discharge Water Drop

Stream and Station Name Period Q) (Head of Water) (H),
(year) (m%s) (m)

Dinsiz Stream - Yagbasan 53 6.99 25

Sakarya River - Dogancay 53 121 41

Kocasu - Rustumkoy 53 17.9 198

Sakarya River - Aktas 43 719 837

Ankara Stream - Mesecik 52 12.3 635

Aladag Stream - Karakoy 52 13.3 505

Mudurnu Stream - Dokurcun 50 7.75 286

4. Materials and Methods

4.1. Determining and Applications of Trend Analysis in The Sakarya
Basin

In this study, Mann-Kendall Test and Spearman’s Rho Test were applied to
the annual mean trends of the selected streams by using the "Trend Analysis
for Windows" program. Slopes of trend have been calculated by using Sen's
Slope method.

4.2. Mann-Kendall Test

In generally Man-Kendall test begins by estimating the S statistic. Man-
Kendall Test formulas (Gilbert, 1987; Kendall, 1975; Mann, 1945) are given
as follows:

551 55 j>i Q)

§=3 ngn(xJ _x_;}...fur

ial j=itl

Which is the number of positive differences minus the number of negative
differences. If S is a positive number, observations obtained later in time tend
to be larger than observations made earlier. If S is a negative number, then
observations made later in time tend to be smaller than observations made
earlier.

Equation:
o $5(sS-1)25 +5)-Y." ifm-1)2m-+S)m @)
) 18
where:
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S: Statistic

V(S): Variance and t; is the number of ties of length (m).

The statistic S is then standardized (Z; equation 3), and its significance can be
estimated from the normal cumulative distribution function (Blain, 2013).
Equation:

JI(s) 3

The Man-Kendall Test is conducted as follows (Gilbert, 1987).

* List the data in the order in which they were collected over time, X;, X,
...Xn, which denote the measurements obtained at times 1,2, ...n,
respectively.

* Determine the sign of all n (n-1)/2 possible differences x;-x;, where j>i,
these differences are X,-X1, Xz-X1, ....Xn"X1, X3-X2, X4-X2, ....Xn=Xn-2, Xn-Xn-1

* Let sgn (x-x;) be an indicator function that takes on the values 1, 0, or -1
according to the sign of x;-x;, that is, If xi-x>0, sgn(xj-xi)= 1, if x-%=0,
sgn(x;-x)=0 and if xj-xi<1, sgn(xj-x;)= -1. For example, if xj-x; > O, that
means that the observation at time j, denoted by x;, is greater than the
observation at time i, denoted by X;.

4.3. Spearman's Rho Test

In the literature, Spearman's Rho Test is formulated and explained as follows
(Barcelona 2017; SSS, 2017; Yuksel and Demirel, 2018):

Spearman's Rho is a non-parametric test used to measure the strength of
association between two variables, where the value R = 1 means a perfect
positive correlation and the value R = -1 means a perfect negative correlation.
Requirements

-Scale of measurement must be ordinal (or interval, ratio)

-Data must be in the form of matched pairs

-The association must be monotonic (i.e., variables increase in value together,
or one increases while the other decreases)

Equation:

S W
(R) =1 -2
ne - n (4)

Where,
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d = Difference between ranks

n = Number of Data

R = Rank Value

Mann-Kendall and Spearman's Rho Tests were applied to the annual mean
trends of the selected stations with the "Trend Analysis for Windows"
program. The results are given in Table 6.

Table 6: Trend Analysis Results for Selected Streams in Sakarya Basin

Stream and Station Name Status of Trend (Yes/No)
Mann-Kendall Spearman's Rho

Dinsiz Stream — Yagbasan No No+)
Sakaya River — Dogancay Yes Yes
Kocasu — Riistimkoy Yes Yes
Sakaya River — Aktas Yes Yes
Ankara Stream — Mesecik No No
Aladag Stream — Karakoy Yes Yes
Mudurnu Stream — Dokurcun Yes Yes

4.4. Sen's Slope Test

This test computes both the slope (i.e. linear rate of change) and intercept
according to Sen's method. First, a set of linear slopes is calculated as follows
(Pohlert, 2017; Sen, 1968; Yuksel and Demirel, 2018):

Sk = (x-x) / (j-1) (5)
for (1 <i<j<n), where:

S is the slope, x denotes the variable, n is the number of data, and i, j are
indices. Sen's slope is then calculated as the median from all slopes:

b = median S;.

The intercepts are computed for each timestep t as given by

ar = X¢— b*t (6)

The corresponding intercept is as well the median of all intercepts. This
function also computes the upper and lower confidence limits for Sen’s slope.
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According to status of trend for the selected streams tendency of the trends
have been calculated by using the Sen’s Slope Formulas and the result of the
slopes are presented in the Table 7 (Kirdrmir, 2009).

Table 7: Slopes of Trend for The Selected Streams Which Have Trend
(Kirdrmir, 2009).

River and Station Name Slope of Trend (%)
Sakaya River — Dogancay 2,254
Kocasu — Riistimkoy 0,203
Sakaya River — Aktas 0,113
Aladag Stream — Karakoy 0,207
Mudurnu Stream - Dokurcun 0,074

5. Calculation of Small Hydro Energy Potential and Demand

Small hydroelectric power and small hydroelectric energy were calculated in
a study [7,25], taking account of the hydraulics and hydrological
characteristics of the Sakarya Basin, using the hydropower and hydroenergy
equations (Agiralioglu, 1993; Akdogar, 2006; Yuksel, Arman and Demirel,
2020) given below.

Ep=v*Q*H*t ()
En=n*y*Q* Hn*t (8)
N=n*y*Q*H 9)

where Ej is potential energy, E, is net energy, y is specific weight, Q is water
discharge, H is head of water drop, H,, is net head of water drop, t is time, 1) is
eefficiency factor of turbine, (in generally 0,85 for hydraulics turbines) and N
is power.

6. Results and Discussion

Hydropower potential of the rivers is determined according to the water drop
(head of water) and the water discharge which are provided by geological,
hydraulics and hydrological characteristics. There are three types of potential
which are gross (theoretical) potential, technical potential and economical
potential (ESHA, 2005; Yuksel, 2007,).

The gross potential is calculated according to the total flows and water drops
of rivers and this potential indicates the maximum theoretical level. Gross
potential refers to the annual energy potential assumed to be achievable with
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100% turbine efficiency of all natural flows until the boundaries of waters
crossing the borders at the level of sea. But, turbines cause about 10-15%15
fraction loss (energy loss). In other words, in generally these mechanics
machines usually work with about 82-92% efficiency. In this reason, n is
accepted as 0, 85 in this study.

Technical potential, which represents the maximum value of the production
to be achieved as a result of the realization of all projects that are technically
feasible, is a function of the gross potential as an energy value and is
expressed as a percentage. The technically feasible water power potential
showing the top level of the hydro electric energy production is calculated by
excluding potential losses, decrease of water drop and energy transformation,
which may occur depending on the technology used.

In this study, the small hydropower potential was calculated by using the
equations 7, 8 and 9 for the selected small streams in the Sakarya Basin. The
results of the calculated potential are presented in the Table 8.

Table 8: Some Characteristics of The Selected Streams for Trend Analysis in
The Sakarya Basin
Water ~ Water Drop Hydroelectric Hydroelectric
Stream and Station Name Discharge  (Head of  Power, (kW) Energy

Q) Water) (m) (GWh)

md/s
Sakarya River - Dogancay 121 41 4217 364
Kocasu - Rustumkoy 17.9 198 3013 260
Sakarya River - Aktas 719 837 5115 442
Aladag Stream - Karakoy 13.3 505 5709 493
Mudurnu Stream - Dokurcun 7.75 286 1884 163
Total 19938 1722

In another literature (Yuksel, 2007,) it is mentioned that hydroelectric
facilities are very valuable resources in Sakarya Basin, which has a great
potential due to meteorological, topographic, hydraulics and hydrological
conditions.

7. Conclusions

This study concludes that there is very considerable small hydropower
potential in the country. Because, Turkey, is not rich enough in coal and natural
gas resources, however, it is blessed with significant hydropower potential.

It is essential that renewable and sustainable energy sources that can be
properly utilized in Turkey should be included into energy production as
soon as possible.

The small hydropower potential plants are superior to other larger plants, not
only in terms of cost, but also through advantageous operational features and
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environmental effects. The greatest technical advantage of hydroelectric
power plants is their ability to be very quickly activated, especially at peak
hours, compared to other power plants.

In this study, trend analysis was performed with the help of nonparametric
Mann-Kendall and Spearman's Rho Tests using the annual mean flow values
of selected streams in the Sakarya Basin.

In order to determine the relationship with annual total rainfall flow values,
the Mann-Kendall Test and the Spearman's Rho Test were applied to the
trend analysis of the total rainfall data of Sakarya Basin. The end of this
application it was found that there is a significant trend most of the streams
which are selected for this study.

As can be understood from this study, it can be concluded that there is great
hydroelectric energy potentials on the streams in the Sakarya Basin. For this
purpose, hydroelectric potential should be evaluated to the highest level in
the Sakarya Basin.

Because river type power plants are superior than the other plants, this type
plants have not only cost and operational features but also good
environmental effects.

Many of the SHP projects are under investigation and the preliminary reports
of some of them are either under preparation or ready.
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8. List of Symbols and Abbreviations

List of acronyms : Main and (Measurement units)
E : Energy value (kgm)

N : Power (kgm/s)

y : Specific weight (kg/m®)

Q : Water discharge (m®/s)

H : Head of water drop (m)

n : Efficiency factor of turbine (%)
S : Statistic

V : Variance

ti : The number of ties of length (m).
Z : The statistic S is then standardized
d : Difference between ranks

n : Number of Data

R : Rank Value

S : Sen’s Slope

X : Denotes the variable,

iand j : Indices.

b : Median Sy.

TWh : Terra Watt Hour

GWh : Giga Watt Hour

MWh : Mega Watt Hour

kw : Kilo Watt
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1. Introduction

Regression models analyze the relationship between an explanatory
variable and an outcome variable while controlling the effects of other
variables. The linear regression model (LRM) is probably the most widely
used statistical method. In the LRM model, the dependent variable is
assumed to be continuous and normally distributed. However, more
dependent variables may not be continuous or normally distributed (Long,
1997). Normality assumption is inappropriate where the dependent variable
takes binary values such as 0 and 1 or is a discrete variable (polychotomous)
containing more than two levels. Using LRM in such cases produces biased
and inconsistent coefficients so it causes the results to be misinterpreted.

Binary dependent variables have two values; they are usually coded 0 for
a negative result (i.e. the event did not occur) and 1 as a positive result (i.e.
the event occurred). Regression models for binary outcomes allow a
researcher to discover how each explanatory variable affects the probability
of the event occurring. There are studies in many fields with two-level
dependent variables. The most commonly used methods for such dependent
variables are logistic and probit models. Logistics and probit regression
models are quite similar and the obtained probability estimates are close to
each other. While logistic distribution is used in Logistic Model, the normal
distribution function is used in probit model. Cox (1970) developed the
logistic model, made various applications. Halpering et al. (1971) argued
that logistic regression can be shown as an alternative to discriminant
analysis in cases where the normal distribution assumption of independent
variables is not satisfied. Finney proposed logistic regression as an alternative
to probit analysis in 1972.

Bayesian perspective on logit and probit regression models has taken an
important place in recent years. Hsu and Leonard (1995) studied the
processes of obtaining Bayes estimates in logistic regression functions.
Tektas and Giinay (2008) used the Bayes method proposed by Albert and
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Chib (1993) to analyze binary logit and probit models and compared this
method with other classical methods. Yuan et al. (2020) used data on the
accident that occurred in Beijing in 2009--2012. They proposed the Bayesian
bivariate probit model to include the correlation between the crash severity
levels of the Crash and crashed vehicles. Zeng et al. (2019) proposed a
Bayesian spatial generalized ordered logit model with "CAR" a priori to
analyze key factors affecting the severity of highway accidents. Nikita and
Nikitas (2020) compared seven different models including binary logistic,
probit, cumulative probit regression and Bayesian approaches to predict
gender using skeletons.

In this study, logit, probit Bayesian logit and Bayesian probit models were
applied to the traffic accidents data that occurred in Turkey in May 2020 and
the model parameters were estimated. Then, the best model was determined
by using the model performance criteria. The remainder of the study is
organized as follows. In section 2, the logit, probit, Bayesian paradigm and
some performance metric measurement is defined. In section 3 explains the
application of the models with traffic accident data. Finally, the results are
summarized and discussed in Section 4.

2. Material and Metot
2.1. Logit Model

In logistic regression, parameter estimation is obtained with the maximum
likelihood method by using generalized linear models. In this method, the
probability function of the binomial distribution is defined as exponential and
the linear combination of the expected value is used instead of the direct
expected value of the data. Generalized linear models use a link function that
links the linear structure of the independent variables to the expected value of
the dependent variable. In logistic regression, the mentioned connection
function is given by the logit transformation (Stokes et al. 2000).

The general form of the logistic regression model is as follows,

yvi=E) +¢

!
Where y; are Bernoulli random variable andE (y;) = %,
i

each observation has Bernoulli distribution, so the probability distribution
of each sample observation is as given,

fi(y) = n(x)”i[1 — m(x;)]* Yiwhere i=1,2,3...n and each vy,
observation takes the 0 and 1 values. Since the observations are independent,
the likelihood function is as given:
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n

1) = | [0 = | [rein —reor

i=1

and the log likelihood function is,

logl(®) = tn] [£0) = Y 100 8)

Z{ylln [wCe] + (1 = ydln[1 = 7))

M:

v Infr ()] + 2(1 — y) In[1 — m(x)]

i=1

Zn:yl (1_ l)l)> ZIH —1(x;)]

i=

To find the value of B that maximizes logL(p), derivative of logL(B) with
respect to B is taken and the obtained expressions are set to zero.

n
ﬁMLE = méixz logL(B)
i=1

Parameter estimation values for Byand B, respectively, are obtained by
solving the following equations (Hosmer and Lemeshow 2000).

D= ] =0
le[ yi —m(x)] =0

2.2. Probit Model

The probit model is a model used to find the effect of one or more
explanatory variables on a categorical response variable, developed as an
alternative to the logistic model. Logistics and probit regression models are
very similar and the obtained probability estimates are close to each other.
The difference between them is the link functions used. While the logit
model uses the logit link function, the probit model uses the inverse normal
link function (Aldrich et al. 1984). In addition, the results obtained in the
calculations for the same data are more consistent in the probit model than
the logit model. This difference can also be seen from the density plot
(Gujarati, 1988).
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Figure 1: Comparison of probit and logit models as cumulative distribution
The general form of the probit model is as given:

yi = E(yi) + &

where y; are Bernoulli random variable, g; is a random error term having
a standard normal distribution and

E(yi) = x;'Bdur.
Similar to the logit model,
fi(y) = m(x)Yi[1 — w(x)]*™¥i  i=1,2,3...,n is written.

The log likelihood function of the model,

logl(®) = In] [ £
i=1

= Z{yiln[ﬂ(xi)] + (1 =y)In[1 —m(x)]}

n

aloglé(ﬁ) _ ; (%‘:i +(1-y) 1__—@%) X =0

is obtained as in the above equation. Where «; the probability density is
function for the standard normal distribution, and @; is the cumulative
distribution function (Greene, 1993).

Various iterative methods (algorithms) are available for solving this
equation (Aldrich et al. 1984). One of the most used algorithms in probit
model is the Newton-Raphson algorithm. In this study, we used Newton-
Raphson algorithm to obtain parameter estimates for the probit model.
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2.3. Bayesian Framework

Estimation of 6 parameter is desired by using statistical model
defined with probability density function p(y|6) depending on y =
(v4, ., yx) data. According to the Bayesian approach, when information on
distribution and probability is insufficient, © cannot be exactly determined.
The fundamental of the Bayesian inference is given below:

e Ford, a probability distribution, represented as f(8), is formulized.
This distribution is called a prior distribution.

e For observed y dataset and when 6 is given, a likelihood function
L(6;y) is determined to define the distribution of y givena.

f(8y)is the posterior distribution which is defined using the prior and the
likelihood function (Kog¢ and Cengiz, 2020).

Then, all statistical inferences about 6 are obtained through the
posterior distribution.

One of the problems encountered in application (applying) in the
Bayesian approach is that there are no analytical solutions in solving the
integrals required for statistical inferences from posterior distributions. In this
case, the use of simulation methods is required for calculations. The most
commonly used methods are Markov Chain Monte Carlo (MCMC) and Gibs
Sampling method. In this study, we used MCMC.

2.4. Model Performance Metrics for Classification

In classification models, it is very important to decide which model is the
most suitable. It is necessary to determine the performance of models and its
accuracy in predicting parameters. There are many performance criteria that
can be used to evaluate the model performance of a classification model. In
this study, we used accuracy, precision, recall, F-score criteria.

The formulas for the criteria are as follows:

TP+TN

Accuracy = ——— (€D)]
TP+TN+FN+FP
. TP
Precision = )
TP+FP
TP
Recall = ?3)
TP+FN
2TP
F — measure = ——— 4
2TP+FP+FN

In these equations, TP (True positive): correct positive prediction, FP

167



International Studies on Natural and Engineering Sciences Chapter 10

(False positive): incorrect positive prediction, TN (True negative): correct
negative prediction, FN (False negative): incorrect negative prediction.

3. Application

In this study, traffic accident data were used for Turkey's 81 provinces for
(in) the year May 2020. The data obtained are available URL1-2-3.

The features of the variables are given in Table 1. Analyzes were
performed using the version (3.6.1.) of R software. By using "Rchoice" and
"zelig" package programs together in R software, factors affecting traffic
accidents were determined with logit, probit and Bayesian logit, probit
approaches. Performance criteria of the models were calculated after the
parameter estimates.

Table 1: Description of the variables

Variable Description
y (response variable) Fatal traffic accident situation (Yes/No)
X, Traffic volume
X Path length
X3 Total number of registered road motor vehicles
X4 Gross domestic product (GDP-per capita)
Xs Province population

Table 1 shows the description of the response variable and explanatory
variables. The explanatory variables were chosen among several indicators
that may have potential influence on the traffic accidents.
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Table 2: Estimations of Parameter

Maximum Likelihood [ Bayesian Approach
Model | Parameter | Estimate Std. p-value | Mean | SD HPD
Error

Intercept | 5.59 3.1361 |0.075 |-4.038 |2.286 |-5.801 |8.247
x1 0.0144 |0.01246 |0.246 |-0.0133|0.0012 |-0.025 |0.087
o= -0.0111 | 0.00433 |0.01 0.0117 | 0.0061 |0.0127 | 0.342
odt x3 0.0097 |0.09238 |0.916 |-0.0526|0.0398 |-0.079 |0.474
x4 -0,0116 | 0.01455 |0.0422 |0.0976 | 0.0096 |0.0895 |0.102
x5 -0.0027 |0.00497 |0.582 |0.0117 |0.0223 |-0.804 |0.293
Intercept | 3.147 16551 |0.057 |-2.728 |1.146 |-3.102 |6.162
x1 0.0843 | 0.00942 |0.256 |-0.0091|0.0073 |-0.011 |0.248
o |x2 -0.0665 |0.00249 |0.008 |0.0079 |0.0025 |0.0056 |0.127
Probi x3 0.0080 |0.0514 |0.875 |-0.031 |0.0398 |-0.047 |0.692
x4 -0.0063 |0.00824 |0.044 |0.0099 |0.0096 |0.0082 |0.204
x5 -0.0013 |0.00271 |0.619 |-0.0031|0.0223 |-0.005 |0.188

When Table 2 is examined, it is seen that "Path length" and "GDP"
variables affect the traffic accident with death status in all models. Both
explanatory variables contribute negatively to the model. HDP (highest
posterior density) values were calculated using the "coda" package program
from the R software in the models estimated using the Bayesian method. The
fact that HDP range covers zero indicates that that variable is not statistically
significant. When HDP ranges of "Path length" and "GDP" variables are
examined, it is seen that they do not include zero.

169



International Studies on Natural and Engineering Sciences Chapter 10

Table 3: The performance measures for the classification models

Model

Performance _ _ _ _

measure Logit Probit Bayesian Baye_3|an
. Probit

Logit

Accuracy 0.9135 0.9136 0.9259 0.9135

Precision 0.9491 0.9322 0.9152 0.9352

Recall 0.9333 0.9482 0.9818 0.9642

F-measure 0.9410 0.9401 0.9473 0.9491

Logit, probit and Bayesian approaches have been applied to our traffic
accidents binary data. Model performance measures are as given in Table 3.
When performance measurements are examined, it is seen that the
performances of logit and probit models are very close. In addition, it is seen
that Bayesian model performance measures are generally better than classical
methods. For Bayesian models, it can be said that the Bayesian probit model
is the most suitable model for data.

4. Conclusions

In cases where the dependent variable takes binary value, logit and probit
regression models are appropriate statistical methods. In this study, all fatal
traffic accident data is considered that occurred in May in 81 provinces in
Turkey. In order to determine the factors affecting the fatal traffic accident
status that occurred in Turkey, classic logit, probit models and Bayesian logit
and Bayesian probit models were used. It is clear that when the parameter
estimates are examined, "Path length" and "GDP" explanatory variables are
meaningful for all models. It has been observed that the explanatory
variables of “Traffic volume”, “Total number of registered road motor
vehicles” and “Province population” do not make a significant contribution to
any model. Classic logit and probit models and Bayesian approaches gave
similar results in parameter estimation. This is in line with the literature
(Kliestik and Misankova, 2015). When some model performance metrics
measures are calculated to determine the best model, it is clear that Bayesian
approaches generally give better results than classical approaches.
Accordingly, it is seen that Bayesian probit approach is the most suitable
model for data among Bayesian approaches.
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1. Introduction

Rapid progress and economy are of great importance in excavating
underground and aboveground structures in the mining and construction
sectors. The design phase of excavation systems is the most important step in
determining the operation's time and cost components. The analysis to be
made is critical for all projects (Bilgin 1989, Fowell and Johnson 1991).

Although many test methods have been proposed to determine rocks'
abrasiveness, the accepted test method is very few. Cerchar abrasivity index
has emerged as the most reliable method to determine rock abrasiveness in
mechanized excavations. There are many parameters that rock abrasiveness is
directly or indirectly related to. The main ones are the mechanical and
mineralogical composition of the rock.

The Cerchar Abrasivity Index test was first found in France at the Cerchar
Research Institute in 1971. The results were published by Valantin (1973).
This test method is used to determine the cutter wear and consumption.

The purpose of this study is to introduce the Cerchar wear index (CAIl)
test method used in determining the estimated consumption of cutters used in
mechanized excavation machines and to reveal the Relationships between
Cerchar Abrasiveness Index and Excavation Parameters in two different
Tunnel projects.

2. Study Area
2.1. Akfirat Wastewater Tunnel

Akfirat Wastewater tunnel is located in Istanbul/Turkey. The location
map of the work site is presented in Figure 1. The geological units crossed in
the Tunnel line are Kurtkdy Formation (Kf) G6zdag Formation (Ky), Aydos
Formation (Af), Basin Fill (QHd) (Kalayci, 2017).

Herrenknecht brand erath pressure balanced tunnel boring machine (EPB-
TBM) is used in the Tunnel excavation. The length of the 2.2 m inner
diameter Tunnel is 8.125 m. There are 15 cutter discs with 12 inch (305 mm)
diameter on the cutter head.
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2.2. Mahmutbey-Mecidiyekoy Metro Tunnel

Mecidiyekdy-Mahmutbey Metro Line is Located in Istanbul-Turkey and
18 km in length main line. The geological unit crossed in the Tunnel line
during this study was determined as the Thrace Formation (Ct). The location
map of the study area is presented in Figure 2. The inner diameter of the
tunnel is 6.59 m. Excavation is conducted with a Terratec brand TBM, and
there are 43 disk cutters with 19 inch (482 mm) diameter on the cutter head.

Mechanical properties of two different Tunnel projects are given in Table
1 (Kalayci, 2017).

Figure 2: Loacation Map of Mahmutbey Mecidiyekdy Metro Tunnel and
Stations (Kalayci, 2017).
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Table 1: The physico—mechanical parameters of the rock units (Kalayci,
2017).

c ) Em

Project Formation ~ (t/m°) MPa) () (MPa) RMR

Kurtkoy  2.61 0.109 29.77 992.55 35-40
Gozdag  2.52 NA NA 100 NA
Basin Fill  2.82 0.242 47.86 2506.4  45-65

Wﬁg&fm Kurtkoy 288 0392 5439 6658.01 35-55
Basin Fill 287 0270 49.88 33397 NA
Aydos 25 0340 5337 622433 55-77
Kurtkdy 2.88 0392 5439 6658  48-76
Mahmutbey 1 va 20 0347 4974 580313 33-53
Metro

v:Density-c:Cohesion-¢:Fraction angel-Em :Elasticity Modulus-RMR:Rock Mass Ratiting

3. Cerchar Abrasivity Test

In the abrasion tests performed on freshly broken rock surfaces for six
different types of samples obtained from the tunnel route, five measurements
were performed on the free surface of a rock for each test, and ten readings
were obtained. Cerchar abrasivity tests were conducted and CAI values were
calculated by using Eq. 1. (ASTM, 2010). Test results are shown in Table 2.

CAI = 10 (1n) £ di ni 1)

4. Mineralogical Analyses

In the study's scope, conducted mineralogical analyses are the
determination of Mineral grain size and percentage. The fine samples'
microscopic view is presented in Figure 3 for Akfirat Wastewater Tunnel and
Figure 4 for Mahmutbey-Mecidiyekoy Metro Tunnel. Average quartz grain
sizes of minerals examined under microscope are presented in Table 3
(Kalayci, 2017).

Mineral grain size irregularities, under the influence of the quartz
percentage, cause a higher rate of surface roughness after breaking, causing
more abrasions. In this study, the Kurtkdy Formation samples with the most
irregular distribution were determined.The quartz content of the gray calcite
sample in the basin fill and the claystone in the Kurtkdy outlet Formation
could not be determined by microscopic examination of the Akfirat Waste
tunnel, therefore the samples were ground below 125 microns and sent to
mineralogical analysis (XRD). As a result of XRD examinations, 60-65%
calcite and manganocalcite 10% albite and quartz content were determined in
the QHdg sample (Kalayci, 2017).
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Table 2: Cerchar abrasivity test results

Formation Std Abresivity Peak measure
(%) class
Extremely
R A
1,"‘,’“
5.71 CAI
OBfo | 511 |051 Extremely
' ! Abrasive
7.66 CAl
Extremely
- B . A
1 mm
2.01 CAI
Slightly
QBfg 1,57 0.23 Abrasive ‘ .
3.84 CAI
Medium “ \
K 2,99 0.41 Abrasive
1.03 CAI
Slightly E
Kc 0.76 013 Abrasive
1.67 CAI
Slightly .
ct 1.3 0.3 Abrasive
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@ e . ®
Figure 3: Microscopic Images of Akfirat Wastewater Tunnel Samples
(a: Af, b: QHdk, c: QHdbd: QHdg, e: Kf, f: Ky).

Figure 4: Microscopic mée Mahmutbey Mecidiyekdy Metro Tunnel
Sample (Ct).

Table 3: Quartz Dimensions of Akfirat Wastewater and Mahmutbey
Mecidiyekdy Tunnel Samples.

Formation Mean Size P20 P50 P80 Max.
(pm) (pm) (pm) (pm) (pm)

Af 245 239 366 537 849
QHdb 342 320 535 936 1362
QHdk 281 200 296 429 725
Kf 941 1100 2208 3002 3891

Ct 57 31 44 60 98

5. Evaluation of TBM Data

Power (P), specific energy (SE), instantant cutting rate (ICR) values were
calculated from TBM data obtained for Akfirat Wastewater Tunnel and
Mahmutbey-Mecidiyekoy Metro tunnel. A representative part of the
calculated data is presented in the Akfirat Wastewater Tunnel and the
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Mahmutbey-Mecidiyekdy Metro tunnel in Table 4 and 5, respectively
(Kalayci, 2017).

Table 4. Akfirat Wastewater Tunnel Specific Excavation Parameters.

RS Torque (kNm) (kCV) ICR (m¥h) (kv\ff/mg)
2625 99,2 38,4 35 111
2625 2108 106,0 45 23,6
2625 210,8 103,7 44 23,6
2625 204,6 102,8 45 22,9
2625 198,4 95,6 43 22,2
2625 204,6 1007 44 22,9
2625 2108 106,0 22 47,2
2625 2232 109,9 22 50,0

Table 5: Mahmutbey-Mecidiyekdy Tunnel Specific Excavation Parameters.

Ring Torque P ICR SE
No (kNm) (kw) (m®/h) (kWh/m®)
817,0 622,0 138,7 26,4 53
818,0 594,0 132,5 24,3 5,4
819,0 572,0 127,6 38,5 3,3
820,0 648,0 144,5 38,5 3,8
821,0 588,0 131,2 38,5 3,4
822,0 568,0 126,7 44,6 2,8

6. Cutter Consumption

The summary of Akfirat Wastewater tunnel and Mahmutbey
Mecidiyekoy Metro Tunnel cutter performances are presented in Table 6.
Data are obtained from shift reports.

Table 6: Cutter Performances

Cutter Consumption According to Formations (m/cutter)

Kf Af  QHdb KFf Qbfg Kc Ct

7,7 1,8 1,7 4 1,2 33,8 241

Pie chart presentation of the consumption reasons summarized in Figure 5
for each formation (Kalayci, 2017).
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Figure 5: The Reasons of Cutter Consumption According to Formations
(Kalayci, 2017).
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In the study, Mahmutbey-Mecidiyekoy Tunnel’s cutter consumption was
monitored between the rings numbered 805 and 1126. Cutter head checks
were made five times between the relevant rings, and cutter consumption was
monitored from the wear values recorded in these controls. The amount of
wear required for a ring replacement is 25 mm. Discs numbered 33-43
reached this value. Among the relevant rings, all of the cutter consumption
consists of wear. All cutter consumption origin during the study is wear
(Kalayci, 2017).

7. Relationship Between Cerchar Abrasiveness Index and Excavation
Parameters

In this study, the relationship between Cerchar Abrasiveness Index with
cutter consumption, mineralogical content, and excavation parameters was
investigated. Cerchar Abrasivity Index, Mineralogical content, and the
porosity relation is given in Eq. 2. Cerchar Abrasivity Index, Mineralogical
content, and the wear-based cutter consumption relation given in Eq. 3. And
specific energy, wear-based cutter consumption relationship is shown in Eq.

CAI =-4,995-28,714*p+0,116*Q+0,004*Qm (2)

Here, CAl is cerchar abrasiveness index, p, porosity, Q, percentage of
guartz, Qm, quartz mineral grain size (mm).

It was determined by evaluating the significance coefficient that the
relationship obtained was highly correlated (R? = 0.93) and a significant
relationship at 95% significance level.

181



International Studies on Natural and Engineering Sciences Chapter 11

CAI = 0,603+0,247*In(Qm)-0,225(In (kt)) 3)

Based on the prediction that the conditions that make up the cutter
consumption will adversely affect the machine performance, the statistical
relationship between machine performance data and cutter consumption
values was sought. As machine performance data, the energy required to
perform unit excavation was used.

While calculating the specific energy (kWh / m®) values, the ratio of
calculated power (kW) and instantaneous excavation speed (m® / h) data for
each formation was used. While calculating the cutter consumption data, the
number of cutters changed in each Formation, and the cross-sectional area
ratio of that Formation (m?* / cutter) was used.

The relationship between specific energy and cutter consumption data is
presented in Figure 6. The regression analysis equation made between cutter
consumption and SE data is given in Equation 4.

SE = 188,208* kt *** @)

Where, SE, spesifik energy (kWh/m?), kt, cutter consumption (m*/cutter).

As a result of the analysis, a significant relationship was found between
wear-based cutter consumption data and specific energy (R? = 0.86). It has
been observed that the conditions that increase the amount of energy required
for excavation will also increase cutter consumption. By evaluating the
significance coefficient, it was determined that there is a significant
relationship between the associated data at the 95% significance level.
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Figure 6: The Relationship between Cutter Consumption and Specific
Energy.
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8. Results and Discussion

The study reveals a high correlation (R = 0.964) and a significant
relationship between the Cerchar Abrasivity Index and porosity, quartz
percentage, and quartz grain size. Besides, the result of the regression
analysis performed to determine the relationship between cerchar and cutter
consumption was found to be highly correlated and significant.

Mineral grain size irregularities, under the influence of the quartz
percentage, cause a higher rate of surface roughness after breaking, causing
more abrasions. In this study, the Kurtkdy Formation samples with the most
irregular distribution were determined. However, in light of the studies, it
was understood that the quartz percentage and grain size alone were not
effective in abrasions. In the study, lower cutter consumption was determined
in Formations with high quartz percentage and uniformity.

The prediction that the conditions constituting the cutter consumption will
adversely affect the machine performance, the statistical analysis between the
machine performance data and the cutter consumption values revealed a
significant relationship between wear-based cutter consumption data and
specific energy (R = 0.9). It has been observed that the conditions that
increase the amount of energy required for excavation will also increase
cutter consumption.
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1. Giris

Mikrodalgalar, frekansi 300 MHz ile 300 GHz arasinda degisen
elektromanyetik dalgalardir (Ahmed ve Ramaswamy, 2007). Mikrodalgalarin
maddelerle etkilesimi sogurma, yansitma ve gecirgenlik olmak tizere ti¢ farkli
sekilde gerceklesir. Mikrodalgalarin yiizeyden yansidigi elektriksel iletken
malzemelerde ve igerisinden sogurulmadan gegtikleri yalitkan malzemelerde
1sinma gerceklesmez. Ancak sogurulduklart malzemeleri igeren ¢ozeltilerde
1smnma s6z konusudur (Giimiisderelioglu ve Kaynak, 2012).

Mikrodalgalar, maddeler tarafindan absorbe edilerek 1s1 enerjisine
doniistiiriiliirler. Gidalarin yapisinda yer alan polar molekiiller 1s1 olusumuna
neden olmaktadir. Gidalarin yapisinda yer alan en énemli polar molekiil olan
su, mikrodalga uygulamasi sonucunda olusan manyetik alana goére hareket
ederek pozisyon alir. Polar molekiillerdeki hareket sonucu 1s1 agiga ¢ikar.
Olusan 1s1 iletim ya da tasimim yolu ile gidada yer alan diger bilesenlerin
1sinmasina yol agar (Chandrasekaran et al, 2013).. Mikrodalga 1sitma, yiiksek
hizda isitma saglayarak gidalarm pigsme siirelerinde 6nemli bir azalmaya
neden olmasi, giivenli ve kolay kullanim olanag1 sunmasi dolayisiyla gida
islemede popiilerlik kazanmistir. Gida endiistrisinde pisirme, kurutma,
¢oziindiirme, haglama, kavurma, pastorizasyon ve sterilizasyon iglemlerinde
kullanilmaktadir (Konak et al., 2009).

Pastorizasyon ve sterilizasyon, mikroorganizmalar1 yok etmeyi ya da
inaktif hale getirmeyi esas alarak gida giivenligini saglamak, raf omriini
arttirmak amaciyla uygulanan islemlerdir. Pastdrizasyon islemi ile vejetatif
formdaki patojen mikroorganizmalarin yok edilmesi ve enzimlerin inaktif
hale getirilmesi saglanir. Pastorizasyon islemi, 1s1l (infrared ve ohmik) ya da
1s1l olmayan (yiiksek hidrostatik basing, UV, vurgulu elektrik alan, ultrases,
iyonize radyasyon, salimimli manyetik alan) teknikler kullanilarak
uygulanabilir (Baysal et al., 2011).

Bu ¢alismada mikrodalga teknolojisinin temel prensiplerine ve gidalarda
mikrodalga teknolojisi ile yapilan pastorizasyon ve sterilizasyon
uygulamalarina yer verilmistir.
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2.Mikrodalga Teknolojisi

Dalga boylar1 1 mm-1 m ve frekanslar1 300 MHz - 300 GHz arasinda
degismekte olan iyonize olmamis ismimlar, mikrodalga admi almaktadir
(Decareau 1985; Schiffman, 1986). Mikrodalgalarin 1sitma frekanslar
endiistriyel, bilimsel ve tibbi kullanimlar i¢in belirlenmistir (Kemahlioglu ve
Baysal, 2002). Mikrodalga uygulamalar1 i¢in genellikle ev tipi firinlarda
2450 MHz, birgok endiistriyel mikrodalga sisteminde ise yiikksek penetrasyon
derinligi nedeniyle 915 MHz frekansinda g¢alisilmaktadir (Ohlsson, 2002;
Coronel ve ark., 2008).

Mikrodalga ekipmani baglica magnetron adi verilen mikrodalga
jeneratorii, dalga yonlendirici aliiminyum tiipler ve metal hazneden
olugmaktadir (Baysal et al, 2011). Sekil 1’de mikrodalga firin ve diger
pargalar1 gosterilmektedir.

Déner tabla Termal
baglantist sigorta Dalga Magnetron
Ince metal
Orgil pencere —

S Mikrodalga
- yayici

Fan motoru

Cam tepsi
P Fan magnetrona

soguk hava tifler

Yiksek
gerilim

Déner tabla motoru Kondansatora

Kaps giivenlik | Ik
kilidi sistemi Zamanlayict G Yiiksek

kadram Kapa.k“ Kontrol  gerilim
agma paneli  trafosu

digmest

Sekil 1. Mikrodalga ekipmani ve kisimlar1 (Anon, 2020)

Mikrodalgalar, bir elektrik giicline bagli magnetron tarafindan firetilir.
Magnetron etkinlestirildiginde, mikrodalgalar firin boslugu isitilmadan iiriin
icinde hareket ederek iiretilir (Matsui et al., 2018). Mikrodalgalar materyaller
tarafindan absorblanmakta ve absorblanan enerji 1siya doniigmektedir. Bu
doniisimii saglayan mekanizma oryantasyon polarizasyonu ve ara yilizey
dagilimidir (Baysal ve ark., 2011). Mikrodalga uygulamasi esnasinda, gida
icerisinde gelisiglizel bulunan polar maddeler uygulanan elektrik alanin
siddetine gore donmeye baglamakta ve iyonlar da elektrik alana zit bir sekilde
hizlanmaktadir (Cagdas ve ark., 2011). Gidalarin su igermesi mikrodalga ile
isitilabilmesi acgisindan 6nem tasimaktadir. Gidalardaki donen dipolar su
molekiilleri, mikrodalga enerjisini emer ve salmimli bir elektrik alaninda
yeniden hizalanma sirasinda g¢evredeki molekiiller arasinda siirtiinmeye
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neden olur. Siirtiinme ile enerji 1siya doniistiiriiliir, yani gidada hacimsel
1sitma saglanir. Ayrica, mikrodalga isitma, yiiksek frekansli salmimli bir
elektrik alami saglandiginda gidalardaki iyonlarin gogiinden kaynaklanir
(Datta and Davidson, 2000; Ohlsson and Bengtsson, 2001; Sung and Kang,
2014). Mikrodalga 1sitma teknolojisinde dipol donmesi ve iyonik
polarizasyon mekanizmalar1 6nem tagimaktadir.

Uygulanan elektriksel alanin etkisi ile gida igerisinde asimetrik ve polar
molekiiler frekansa bagl olarak polaritesi hizla degisen bir elektrik alan
olusur. Bu elektriksel alanin donme egilimi gostermesi ise dipol donmesi
olarak tamimlanir. Ornek olarak 2450 MHz frekansa sahip ev tipi bir
mikrodalga firinda elektrik alanin yonii saniyede 2.45 milyar kez
degismektedir. Bunun sonucunda elektrik alanmin polaritesine uyum
saglamak i¢in donen polar molekiillerin, birbirleri ile ve ortamdaki diger
molekiillerle —siirtiinmelerinden dolayr 11 agiga ¢ikmaktadir. Iyonik
Polarizasyon ise gida igerisinde ¢oziilmiis tuzlarin iyonik bilesenlerinin,
iizerlerindeki elektriksel yilk nedeniyle uygulanan elektrik alaninin
polaritesine zit istikamette hizlanarak harcket etmeye baglamasiyla
gerceklesmektedir. Tyonlar arasindaki carpisma sonucunda iyonlarin kinetik
enerjileri termal enerjiye doniismektedir (Matsui et al., 2018). Sekil 2 ‘de
iyonlarm hareketi gosterilmistir.

Sekil 2. Mikrodalgalarm su molekiiliine etkisi (Kus, 2016)

3.Gidalarin Mikrodalga ile Isitilmasin1 Etki Eden Faktorler

Gidalarin mikrodalga ile 1sitilmasina etki eden en Onemli faktorler
dielektrik gidalarin mikrodalga ile 1sitilmasini etki eden birgok faktor
bulunaktadir. Bunlardan en onemlisi dielektrik o6zellikler ve penetrasyon
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giiclidiir. Bir malzemenin mikrodalga enerjisini 1siya doniistiirme yetenegi
dielektrik 6zelliklerinin bilinmesi ile iliskilendirilir. (Chandrasekaran et al.,
2013). Dielektrik 6zelliklerde bazi temel tanimlar asagida belirtilmistir.

Dielektrik sabiti: Bir maddenin mikrodalga enerjiyi depolama yetenegi

Dielektrik kayip faktorii: Mikrodalga absorblamay1 dlgen bir deger olup,
gidaya giren mikrodalga enerjini igeride 1s1 olarak tiiketilmesiyle kaybolan
miktar olarak da tanimlanabilmektedir. Bu degerin yiiksek oldugu
materyallerde, 1sitma hizi hizla diiser ve mikrodalga enerjinin derinlere
penetre olmasi zorlagir. Materyalin dielektrik kayip faktoriiniin dielektrik
sabitine orani (¢’’/ €”) ise kayip tanjant (tan &) dir. Elektromanyetik alanda
materyale sizan mikrodalga enerjisinin 1s1 olarak tiiketilme miktarini ifade
etmektedir (George and Burnett, 1991).

Gii¢ penetrasyon derinligi: Mikrodalgalarin materyal i¢inde penetre
oldugu uzakligi belirler. Dielektrik sabiti ve kayip faktdriine bagli olarak
degisir (Smith et al., 2007). Bir materyal elektromanyetik dalgalara maruz
kaldiginda, materyal dalgalarin bir kismini yansitir, bir kisim dalgalar ise
materyal igerisine penetre olur. Penetrasyon giicii mesafe ile azalma egilimi
gostermektedir.

Mikrodalga 1sitmaya ve dielektrik &zellikler iizerine etkili olan faktorleri
Matsui et al. (2018), (1) ekipmanla ilgili degiskenler (sistemin giicii, frekansi,
geometrisi), (2) dielektrik o6zellikler ve ekipman degiskenleri arasindaki
iliski, (3) dielektrik 6zellikler arasindaki iliski ve gidanin bilesimi (nem
icerigi, tuz igerigi, termofiziksel 6zellikler gibi termal iletkenlik, 6zgiil 1s1 ve
termal yayilma) ve (4) dielektrik &zellikler iizerine iiriin parametreleri (kiitle,
boyut, yapi, geometri) seklinde siniflandirmastur.

Birgok mikrodalga sistemi sanayide 5-100 kW arasindaki mikrodalga
giiciinde ¢aliymaktadir. Mikrodalga enerjinin frekansi ve buna bagh olarak
degisen dalga boyu isitilacak materyale isleme derinligini direkt olarak
etkilemektedir. Besin maddeleri su icerdiginden 2450 MHz frekansta yari-
gii¢ derinligi 2,3 cm; 915 MHz frekansta ise 20 cm’dir. Bu nedenle 1sitilacak
maddenin boyutlarina gore secilecek frekans da 6nem tasimaktadir (Konak et
al, 2009).

Mikrodalga enerjinin absorblanmasinda gidanin su igerigi onemli bir
faktordiir. Su iceriginin fazla olmasi, dielektrik kayip faktoriiniin daha fazla
olmasma, dolayistyla gidanin daha iyi isinmasi gergeklesir. Ama su igerigi
diisik olan gidalar da spesifik 1sidaki azalma sayesinde mikrodalga
ortaminda iyi isitilabilmektedirler. Gidanin kiitlesi arttik¢a, sabit giicteki bir
mikrodalga ekipmaninda isitmak igin gerekli slire de artmaktadir. Ancak
isitmanim  etkinligi genellikle kiitledeki artigla artmaktadir (Schiffmann,
1986). Gidanin yogunlugu da gidanin dielektrik sabitini etkileyen bir diger
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faktordiir. Havanin dielektrik sabiti birdir ve endiistride 1sitma i¢in kullanilan
frekanslarda tamamen gegirgendir. Bu nedenle gidanin yapisinda bulunan
hava miktarii, o gidanin dielektrik sabiti le ters orantilidir. Ayrica; materyalin
yogunlugu arttik¢a, dielektrik sabiti de genellikle dogrusal olarak artmaktadir
(Konak et al, 2009). Uriiniin fiziksel geometrisi de mikrodalga 1sitma iizerine
etki etmektedir. Homojen bir 1sitma saglamak i¢in materyalin boyutu
mikrodalga enerjinin dalga boyuna ve penetrasyon derinligine gore fazla
olmamalidir. Isitilacak gidanin sekli ne kadar diizenli ise 1s1 dagilimi da bir o
kadar diizenli olmaktadir (Chandrasekaran et al., 2013).

Spesifik 1s1 degeri gidanin nem igerigini dogrudan etkiledigi i¢in, bu
degerin gidalarin mikrodalga ile 1sitma islemi tizerine 6nemli etkileri vardir
(Giese, 1992). Ayrica termal iletkenlik, kiitlesi biiyiik olan gidalarin 1sitilmast
sirasinda 6nemli bir etkendir. Ciinkii penetrasyon derinligi {iriiniin homojen
bir sekilde merkeze kadar ismmasimi saglayacak kadar fazla degilse veya
mikrodalga ile 1sitma siiresinin uzun oldugu durumlarda 1sitma direkt olarak
etkilenmektedir. Ayrica gidanin igerigi ornegin tuz miktar1 da etkili olup,
riine tuz ilave edilmesinin iriiniin 1sitma hizim arttirdigr bildirilmistir.
Ciinkii tuz ilavesi penetrasyon derinligine dogrudan etki etmekte ve yiizeyde
asir1 1sinmaya neden olabilmektedir (Schiffmann, 1986).

Uriinlerin boyutu, sekli ve homojenligi dielektrik ozellikler iizerinde
biiyiik etkiye sahiptir: diizenli formlara sahip gidalar daha diizgiin bir 1sitma
sunar. Ancak, eger boyutu gida dalga boyundan ¢ok daha biiyiiktiir,
dalgalarin etkisi tehlikeye girer; bu durumda, gida merkezi iletim
mekanizmasi ile 1sitilir ve bu nedenle 1sil iletkenlik, proses tasariminda
dikkate alinmasi gereken baska bir parametredir (Matsui et al.,2018).

Mikrodalga uygulamasinin diger 1sitma islemlerinden farki is1 liretiminin
molekiiler diizeyde baglamasidir. Sicaklik dagiliminin daha homojen olmasi
ve yiizeyin asiri isinmasinin engellenmesi igten i1sinma islemine baglidir.
Mikrodalga isleminde materyalin i¢ine penetrasyon ile kisa baslangig¢ siiresi
ve i¢ 1sinma, iglemin verimini arttirmakta ve iglem siiresini kisaltmaktadir.
Boylelikle hem zamandan hem de enerjiden tasarruf saglanmaktadir
(Giimiisderelioglu, 2012; Konak et al, 2009). Termal igslemlerde geleneksel
1s1 degistiricilere alternatif olarak mikrodalga isitmanin kullanilmasi, hizli
hacimsel 1sitma, daha diigiik ekipman yiizey sicakligi ve gida Kalitesinin
korunmast gibi bazi avantajlar da sunmaktadir (Chandrasekaran et al., 2013;
Siguemoto et al., 2018). Bu avantajlari ile birlikte mikrodalga 1sitma, pisirme,
kurutma, pastorizasyon ve gida maddelerinin korunmasi gibi gida isleme
alaninda genis uygulamalara sahiptir (Chandrasekaran et al, 2013).
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4. Mikrodalga Pastorizasyon ve Sterilizasyon

Mikrodalga uygulamasinda 1s1 iiretimi molekiiler diizeyde baslamaktadir.
I¢ten 1s1nma saglandigindan dolay1 homojen sicaklik dagilimi gergeklesmekte
ve yiizeyin asir1 1sinmasi engellenmektedir. Mikrodalgalarin materyalin i¢ine
penetrasyonu sonucu randiman arttrmakta ve proses siiresi kisaltmaktadir.
Bu durum zamandan ve enerjiden tasarruf saglamaktadir (Giimiisderelioglu
ve Kaynak, 2012; Konak et al, 2009). Termal islemlerde geleneksel 1s1
degistiricilere alternatif olarak mikrodalga 1sitmanm kullanilmasi, hizli
hacimsel 1sitma, daha diisik ekipman yilizey sicakligi ve gida kalitesinin
korunmast gibi bazi avantajlar da sunmaktadir (Chandrasekaran et al., 2013;
Siguemoto et al., 2018). Bu avantajlari ile birlikte mikrodalga 1sitma, pigirme,
kurutma, pastorizasyon ve gida maddelerinin korunmasi gibi gida isleme
alaninda genis uygulamalara sahiptir (Chandrasekaran et al, 2013).

Fratianni et al. (2010) tarafindan yapilan ve portakal suyuna farkli
sicakliklarda (60, 70, 75 ve 85 °C), degisen siirelerde (1, 2.5, 5 ve 10 dk)
uygulanan mikrodalga pastorizasyon igleminin karotenoidler {izerine
etkilerinin incelendigi bir ¢aligmada 60 ve 70 C°’lerde 10 dakika uygulana
mikrodalga 1sitma isleminin karotenoidlerin stabilitesi agisindan en uygun
oldugu tespit edilmistir. Portakal suyunun mikrodalga pastérizasyonunun
incelendigi bir diger ¢alismada meyve suyu 6rnekleri pilot 6lgekli mikrodalga
firmda 60, 70, 75 ve 85 °C’de sitilmistir. Toplam 7 karotenoid bilesiginin
Ol¢iilmiis, 70 ¢’de 1 dk siire ile yapilan 1sitma isleminde zeaksantin ve beta-
karoten igeriklerinin yaklastk % 26 oraninda azaldigi, beta-kriptoksantin
iceriginin degismedigi tespit edilmistir. Mikrodalga pastérizasyon sonunda
portakal sularinin C vitamini igeriginde hafif bir azalma goézlendigini
belirtilmistir.

Nikdel et al. (1993), tarafindan yapilan calismada portakal suyu 6rnekleri
geleneksel yontem ve mikrodalga enerjisiyle isitilarak pastorize edilmistir.
geleneksel yontemle yapilan pastorizasyon isleminin meyve sularinda tat
degisimi ve aroma bilesenlerinin kaybina neden oldugu belirlenmistir.
Mikrodalga pastorizasyon islemi ile portakal sularinda bulunan bakterilerin
ve pektin metilesteraz enziminin inaktive edildigi, uygulamanin tat ve aroma
iizerine herhangi olumsuz bir etkisinin olmadigi ortaya konulmustur.

Kivi piirelerinin geleneksel yontemle (97 °C - 30s) ve mikrodalga enerjisi
(1000 W - 340 s) ile pastorize edildigi bir ¢aligmada depolanma sicakligi ve
stiresinin (4, 10, 22 °C, 7, 14, 21, 35 ve 63 giin) karotenoidler ve klorofiller
iizerindeki etkisi incelenmistir (Tinoco et al., 2015). Mikrodalgada 1sitilan
kivi piirelerinin klorofil igeriklerinde %42, karotenoid iceriklerinde %62,
geleneksel yontemle isitilan kivi piirelerinin klorofil igeriklerinde %100,
karotenoid igeriklerinde ise %91 kayip gdzlenmistir. Pastdrizasyon kosullar1
ve depolama siiresinin Orneklerin pigment kompozisyonuna etki ettigi,

192



International Studies on Natural and Engineering Sciences Chapter 12

klorofillerin karotenoidlere kiyasla pastorizasyon kosullari ve depolama
siiresinden daha fazla etkilendigi tespit edilmistir. Ayni arastirmacilarmn
yaptig1 bir diger ¢alismada kivi piireleri mikrodalga firinda (1000 W-340 s)
ve konvansiyonel yontemle (84 °C-300 s) pastorize edilerek pastdrizasyon
yontemlerinin duyusal Ozellikler, enzimler ve mikroorganizmalar iizerine
etkileri karsilastirilmistir (Tinoco et al., 2014). Mikrodalga pastorizasyon
isleminin  konvansiyonel yonteme kiyasla mikroorganizmalar (L.
monocytogenes, toplam kiif, toplam maya) ve enzimler (polifenol oksidaz,
peroksidaz ve pektin metil esteraz) iizerinde daha etkili oldugu saptanmustur.
Mikrodalga pastorizasyon uygulanan orneklerin tiiketiciler tarafindan daha
¢ok begenildigi (tat, koku, genel goriiniig) tespit edilmistir.

Igual et al. (2010) geleneksel ve mikrodalga pastérizasyonunun greyfurt
suyunun temel biyoaktif bilesikleri tizerine etkilerini degerlendirmislerdir.
Pastorize edilmis meyve sulari iki ay siiresince buzdolabinda ve dondurularak
depolanmis, depolama siiresi boyunca orneklerdeki askorbik asit, C vitamini,
organik asitler, toplam fenoller ve antioksidan kapasite degisimi
incelenmistir. Geleneksel yontemle pastorize edilen 6rneklerin sitrik asit ve
askorbik  asit igeriginin  O6nemli  Ol¢iide  azaldigi, mikrodalga
pastérizasyonunun ise bu bilesikleri korudugunu tespit edilmistir. Geleneksel
yontemle pastorize edildikten sonra dondurularak muhafaza edilen
orneklerdeki fenolik bilesenlerin %75’inin antioksidan kapasitelerinin ise
%20’ sinin korundugu saptanirken mikrodalga pastorizasyon uygulanarak
dondurulmus meyve sularinda bu oranlarin sirasiyla %82 ve %33 oldugu
belirlenmistir.

Monroy et al. (2018) tarafindan yapilan bir ¢aligmada demirhindi suyu ve
yesil igecek olarak adlandirilan farkli meyve sulari (ananas, nopal, guava ve
limon) kullanilarak formiile edilmis i¢eceklere mikrodalga pastdrizasyon
islemi uygulanmistir. Hedef enzim olarak secilen pektin metil esterazin
inaktive edilmesi amaciyla icecekler 490 Watt giicte sicakliklart 90°C’ye
ulagincaya kadar isitilmiglardir. Yesil icecek ve demirhindi suyunda
pastorizasyon i¢in belirlenmis sicakliga ulagsma siiresi sirastyla 255 s ve 280 s
olarak belirlenmis. Mikrodalga pastorizasyon uygulanan 6rnekler 21 giin
boyunca depolanarak 7 giin araliklarla driinlerin  fizikokimyasal,
mikrobiyolojik ve duyusal &zellikleri incelenmistir. Depolama siiresince
demirhindi suyunun incelenen ozellikler agisindan degisim gostermedigi
ancak yesil igecegin renk degerlerinin degistigi saptanmistir. Siguemoto et al.
(2018), siirekli akisli mikrodalga destekli pastorizasyonda bulanik elma
suyunun enzimatik inaktivasyonunu incelemislerdir. Bulanik elma sular1 ¢
islem sicakliginda (70, 80 ve 90 °C), iki akis hiz1 seviyesinde ve iki 1sitma
sisteminde (konvansiyonel ve mikrodalga) pastorize edilmistir. Polifenol
oksidaz, pektin metil esteraz enzimlerinin inaktivasyon Kinetikleri
incelendiginde 1. derece kinetik model ile uyumlu oldugu belirlenmistir.
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Konvansiyonel ve mikrodalga pastérizasyon yoOntemleri arasinda enzim
inaktivasyon oranlar1 arasindaki farkin 6nemsiz oldugu saptanmustir.

Saikia et al. (2015), konvansiyonel termal pastdrizasyon, mikrodalga ve
ultrases uygulamalarmin bes farkli meyve suyunun (karambola, siyah jamun,
karpuz, ananas ve ligi) antioksidan aktivitesi iizerine etkilerini
incelemislerdir. Konvansiyonel yontemde meyve sularina 75 °C'de 3 dakika
1s1l islem uygulanmistir. Mikrodalga pastorizasyon uygulamasinda meyve
sulart1 600 W ve 900 W gii¢ seviyelerinde 30 saniye boyunca isitilmistir.
Ultrases cihazi 100 W giigte ve 30.3 KHz frekansta calistirilarak meyve
sularma 50 °C'de 30 dakika siire ile ultrases uygulanmistir. Ultrases
uygulanan meyve suyu Orneklerinin tamaminin toplam flavonoid
iceriklerinde artig gozlenmistir. 600 W giicte mikrodalga pastorizasyon
uygulanan karambola sularmin fenolik asit miktarinda azalma saptanirken
konvansiyonel termal pastdrizasyon uygulanan oOrneklerin fenolik asit
miktarlarinda artig goriilmiistiir. Ultrases uygulamasi 6rneklerin fenolik igerik
ve antioksidan aktivitelerinde artiga neden olmustur. Caligma sonuglari
incelendiginde ultrases islemi ve mikrodalga pastdrizasyon uygulamalarmin
konvansiyonel pastdrizasyona kiyasla fitokimyasallari daha az etkiledigi
belirlenmistir.

Umudee et al. (2013) tarafindan yapilan ¢alismada hurma meyvelerine
uygulanan mikrodalga sterilizasyon igleminin enzimatik lipoliz reaksiyonunu
onledigi ortaya konulmustur.

Piasek et al. (2011) tarafindan yapilan bir ¢calismada mavi hanimeli bitkisi
konvansiyonel yontem ile 100 °C’de degisen siirelerde (1, 2, 3, 4 ve 5 saat)
ve mikrodalga enerjisi ile sterilize edilerek yontemlerin antosiyaninler,
fenolik bilesenler ve antioksidan aktivite tizerine etkileri kargilastirilmistir.
Mikrodalga sterilizasyon uygulanan meyve suyu orneklerinin fitokimyasal
bilesenlerinin konvansiyonel sterilizasyon uygulanan 6rneklere kiyasla daha
iyi korundugu tespit edilmistir.

Lau ve Tang (2002), tarafindan yapilan ¢alismada kuskonmaz tursusuna
konvansiyonel pastorizasyon (88 °C-30 dk) ve farkli gii¢ seviyelerinde
degisen siirelerde (1 kW-9 dk, 2 kW-15 dk) mikrodalga pastorizasyon islemi
uygulanmistir. Yapilan ¢aliymada mikrodalga pastdrizasyon uygulamasi ile
orneklerde goriilen tekstiirel degradasyon azalmistir. Konvasiyonel
pastdrizasyon uygulanmig tursu Orneklerinin C degeri 8.66 dk olarak
bulunmustur. Bu degerin 1 kW ve 2 kW gii¢c degerlerinde pastorize edilmis
ornekler i¢in sirastyla 3.16 dk ve 2.64 dk olarak tespit edilmistir.

Kuskonmaz kremasi tizerine Alicyclobacillus acidoterrestris sporlarinin
inokiile edilerek farkli gii¢ seviyelerinde (540, 630, 720, 810 ve 900 W) ve
degisen siirelerde (3, 4, 5, 6 ve 7 dk) mikrodalga pastérizasyon islemi
uygulanmigtir (Giuliani et al., 2010). Pastérize edilmis ornekler 25 °C, 37 °C

194



International Studies on Natural and Engineering Sciences Chapter 12

ve 50 °C sicakliklarda sirasiyla 27, 18 ve 9 giin siiresince depolanarak
mikrobiyal 6zellikleri incelenmistir. Yiiksek gii¢ seviyelerinde uzun siireli
mikrodalga pastorizasyon uygulamasmm Alicyclobacillus acidoterrestris
sporlarmin yok edilmesi iizerinde daha etkili oldugu saptanmustir.

ABD Gida ve Ilag Idaresi, patates piiresi ve torbalanmis soslu somon
fileto i¢in mikrodalga sterilizasyon iglemini onaylamistir. Washington Eyalet
Universitesi tarafindan gelistirilen bu islem, ambalajli yiyecegin basingl
sicak suya batirilmasmi ve ayni anda 915 MHz frekansta mikrodalga enerjisi
ile 1sitilmasini esas almaktadir. Patates pliresi ve soslu somon fileto
orneklerine 5-8 dakika uygulanan mikrodalga sterilizasyon islemi ile
patojenler ile bozulmaya yol agan mikroorganizmalar yok edilmistir
(Chandrasekaran et al, 2013).

Mikrodalga destekli termal sterilizasyon (MATS) uygulanan patates
piireleri lizerinde yapilan bir ¢caligmada, sterilizasyon sicakligi ve paketleme
kosullarindaki degisimin raf omrii ve kalite Ozellikleri tizerine etkileri
incelenmistir (Zhang et al. ,2016). Farkli oksijen ve su buhari iletim hizina
sahip materyallerde paketlenmis patates piirlerine 10 kW gii¢ seviyesinde 915
MHz frekansta mikrodalga uygulanarak sterilize edilmistir. Fy degeri 9
dakika olarak belirlenmisti. MATS uygulanan patates piirelerine
hizlandirilmis raf 6mrii testi uygulanmistir. Bu amagla 6rnekler farkli oksijen
ve su buhari iletim hizina sahip materyallerde paketlenmis ve 23°C, 37 °C ve
50°C sicakliklarda 1, 2 ve 6 ay siiresince depolanmistir. MATS uygulanan
patates piirelerinin renk degisimleri, lipit oksidasyonu ve nem degerleri
degisimi modellenmistir. Paketleme materyallerinin oksijen ve su buhari
iletim hizlarinin gidalarin renk degisimi {izerine etki ettigi saptanmustir.

Koskiniemi et al. (2013) yapilan bir ¢alismada brokoli, kirmizi dolmalik
biber ve tath patates Ornekleri asitlendirilerek paketlenmis ve mikrodalga
pastérizasyon islemi uygulanmistir. Mikrodalga firinda pastorize edilen
paketler 30°C'de depolanarak 60 giin siiresince mikrobiyal stabilite, renk ve
tekstiirel 6zelliklerdeki degisimler incelenmistir. Depolama sirasinda, dokusal
ozellikler tiim sebzeler i¢in dnemli 6l¢iide azalmigtir. Kirmizi dolmalik biber
ve tath patatesin parlak rengi korunurken brokolide feofitin-b agiga ¢ikmis ve
renk koyulagsmistir. Depolama sonunda Orneklerde mikrobiyal bozulma
saptanmamistir.

Stratakos et al. (2016), endiistriyel 6lgekli siirekli akisli bir mikrodalga
hacimsel 1sitma sisteminde ve konvansiyonel yontemle domates suyunu
pastdrize ederek farkli pastorizasyon tekniklerinin {irlinlerin fizikokimyasal,
mikrobiyal ozellikleri ile antioksidan kapasiteleri {izerine etkilerini
incelemislerdir. Konvansiyonel yontemle pastorize edilen domates sularina
85 °C’de 20 dakika 1sil islem uygulanmistir. Endistriyel olgekli siirekli
mikrodalga sisteminde 6 adet magnetron (3 kW) kullanilmigtir. Mikrodalga
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sistemine besleme pompasi yardimiyla saatte 100 L domates suyu akigi
saglamistir. Meyve suyunun sistemde kalig siiresi 81.8 £ 1.1 sn olarak
belirlenmistir. Pastorize edilen domates sular1 +4 °C’de 56 giin siiresince
depolanmistir. ki farkli teknikle pastdrize edilen domates sularmin benzer
fizikokimyasal ve mikrobiyal 6zelliklere sahip oldugu tespit edilmistir.
Mikrodalga pastérizasyon uygulanan oOrneklerin antioksidan kapasiteleri
konvasiyonel pastdrizasyon uygulanan Orneklere kiyasla daha yiiksek
bulunmustur. Depolama sonrasinda mikrodalga pastérizasyon uygulanmis
domates sularmin antioksidan kapasiteleri daha az degisiklik gdstermistir.
Konvansiyonel ve mikrodalga pastdrizasyon teknikleri ile pastorize edilen
domates sularinin organoleptik ozellikleri arasinda anlamli bir farklilik
goriilmemistir. Caligmadan elde edilen bulgular, tasarlanan siirekli
mikrodalga hacimsel 1sitma sisteminin kullaniommin domates suyu
pastdrizasyonu i¢in uygun bir alternatif oldugunu ortaya koymaktadir.

Pastorize kara havu¢ suyu iiretiminde konvansiyonel ve mikrodalga
tekniklerinin kullanildig1 bir ¢alismada elektroplazmoliz 6n isleminin ve
farkli pastorizasyon tekniklerinin tiriin kalitesi {izerine etkileri incelenmistir
(Baysal ve ark., 2013). Kara havu¢ suyu iretiminde konvansiyonel ve
mikrodalga pastorizasyon islemleri dncesinde iriinlere 22.22 V/cm’de 60 s
elektroplazmoliz uygulanmistir. Mikrodalga pastorize edilecek meyve sulari
sisteme 90 mL/dak akig hizinda gonderilerek 900 W gii¢ diizeyinde 2 dakika
stire ile 1sitilmigtir. Kara havug sularmin sistemden ¢ikis sicakliklar: 87+3°C
olarak olgiilmiistiir. Konvansiyonel pastérizasyon islemi i¢in meyve suyu
ornekleri 90 °C’ye isitilarak bu sicaklikta 10 dakika tutulmustur. Caligma
sonuglarma gore elektroplazmoliz uygulamasi ile meyve suyu verimi %4.4
artig gostermistir. Pektin metil esteraz enziminin inaktivasyonu, mikrodalga
pastorizasyon iglemi ile konvasiyonel pastorizasyona kiyasla daha kisa siirede
gerceklesmistir. Elektroplazmoliz 6n islemi sonrast mikrodalga pastorizasyon
uygulanan kara havu¢ sularmin antioksidan aktiviteleri, toplam fenolik
madde ve antosiyanin igerikleri ile pektin miktarlar1 konvansiyonel
pastorizasyon uygulanan gruptaki Orneklere kiyasla f-daha yiiksek
bulunmustur.

Jalapeno biber ve kisnis yapraklarinin mikrodalga pastorize edildigi bir
caligmada Ornekler lizerine Salmonella Typhimurium inokiile edilmistir (De
La Vega-Miranda et al, 2012). Sebze oOrnekleri 950 W gii¢ diizeyinde
sicakliklar1 63° C’ye ulasincaya dek isitilmiglardir. Jalapeno biber ve kisnis
yapraklar1 i¢in 1sitma siireleri sirastyla 25 s ve 10 s olarak belirlenmistir.
Mikrodalga pastorizasyon sonrasinda jalapeno biberlerde yer alan Salmonella
typhimurium sayisinda 5.12 log, kisnis yapraklarinda ise 4.45 log azalma
saptanmigtir. Mikrodalga pastorizasyon isleminin sebzelerin duyusal
kalitesini korudugu ortaya konulmustur.
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Arjmandi et al. (2016) tarafindan yapilan domates, havug, kabak ve limon
suyu kullanilarak hazirlanan smoothielerin farkli tekniklerle pastorize
edildigi bir ¢aligmada Ornekler fizikokimyasal, duyusal 6zellikler, toplam
fenolik madde, C vitamini ve karotenoid igerigi acisindan incelenmistir.
Konvansiyonel pastdrizasyon isleminde oOrnekler 90 °C’ye 1sitilarak bu
sicaklikta 35 saniye tutulmustur. Mikrodalga pastorizasyon islemi degisen
giic seviyeleri ve farkl siirelerde (210 W-646 s, 260 W-608 s, 1600 W-206s,
3600 W-93 s) gerceklestirilmistir. Pastorize edilen 6rnekler 5 °C'de 45 giin
stiresince depolanmistir. Mikrodalga pastorizasyon islemi uygulanan
smoothie oOrneklerinin viskoziteleri konvansiyonel pastorizasyon islemi
uygulanan oOrneklere kiyasla daha fazla artis gostermistir. Yiiksek giic
seviyelerinde kisa siireli mikrodalga pastorizasyon isleminin diigiik gii¢
seviyelerinde uzun siireli mikrodalga pastorizasyon iglemine kiyasla
peroksidaz, pektin metil esteraz ve poligalakturonaz enzimlerinin
inaktivasyonunda daha etkili oldugu belirlenmistir. Mikrodalga pastdrizasyon
uygulanan Orneklerin renk degerlerinin konvansiyonel pastorizasyon
uygulanan 6rneklere kiyasla daha iyi korundugu tespit edilmistir. Mikrodalga
pastorizasyon islemi, ozellikle en yiiksek giic seviyesinde en kisa siirede
uygulandiginda, iirlinlerin antioksidan kapasitesi ve C vitamini diizeylerinin
daha iyi korundugu saptanmistir.

5. Sonuc ve Oneriler

Mikrodalgalar gida endiistrisinde pastorizasyon ve  sterilizasyon
islemlerinde basariyla kullanilmaktadir. Gidalarin iyonik madde igerikleri,
1s1l iletkenlikleri, boyut ve sekilleri mikrodalga pastdrizasyon ve sterilizasyon
islemleri iizerine etki eden parametrelerdir. Mikrodalga pastdrizasyon
uygulamasi gidalarin besleyici degerlerini konvansiyonel pastdrizasyon
uygulamasina kiyasla daha iyi korumakta olup patojen mikroorganizmalarin
yok edilmesi ve enzim inaktivasyonunda daha etkili bulunmugtur.
Mikrodalga ile yapilan pastorizasyon ve sterilizasyon uygulamalarinin
etkinliginin bazi 6n islem kombinasyonlar1 ile arttirilmast miimkiindiir.
Mikrodalga enerjisi ¢esitli gida proseslerinde genis uygulama ve kullanim
alanlarina sahiptir. Gida maddelerinin mikrodalgayla islenmesi, sonuglarin
endiistriyel uygulamalar i¢in yararli olabilmesi amaciyla laboratuvar
kosullarindan pilot &lgekte caligmalara ihtiyag duyulmaktadir. Duyusal
ozellikleri ve besleyici degerleri daha iyi olan iiriinlerin iiretilmesi agisindan
mikrodalga enerjisinin farkli gidalar iizerinde kullanimi ile ilgili yapilan
aragtirmalarin arttirilmasi gerekmektedir.
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1. Giris

Tiim diinyada oldugu gibi Tiirkiye’de de kanatli eti tiiketiminde {iretime
paralel olarak her gecen yil artis yasanmaktadir. Kanath etleri biitiin karkas
seklinde pazarlanabildigi gibi tiiketicilerin  tercihlerinde  yasanan
degisikliklerden dolay1 son yillarda islenmis ve pisirilmeye hazir bir sekilde
tiikketiciye sunulmaktadir. Bundan dolay1 gégiis fileto, biitiin but ve baget gibi
tiriinlerin; renk, oksidasyon seviyesi, tekstiir (besinlerin yapisal, mekanik ve
yizey Ozelliklerinin, gbérme, igitme, dokunma ve kinestetik yollarla
belirlenme islemi) pH seviyesi gibi kalite O6zelliklerinin 6nemi giderek
artmaktadir (Lagin ve ark., 2013). Tam bu noktada kanatl endiistrisini
yakindan ilgilendiren bir sorun karsimizda durmaktadir. Solgun kanath eti
sendromu olarak bilinen, etin diisik su tutma kapasiteli olmasi, yumusak
tekstiirlii ve acgik renkli yapisi ile karakterize olan bu problem iiriinlerin
pazarlanabilmesinde bilyiikk sorunlara neden olmaktadir. (Barbut ve ark.,
2005).

Fast-food tiiketim aligkanliklarinda artis yasanmasindan dolay1 6zellikle
is1l islem gormiis kanath eti iiriinlerine talep her gecen giin artmaktadir.
Tiiketiciler tarafindan bir gida tiriiniiniin tercih edilmesinde en 6nemli kriter
dig goriiniigtiir. Dis goriinilis, bir iriiniin tercih edilmesinde etkili oldugu
kadar o iiriiniin duyusal olarak kalitesinin degerlendirilmesinde de 6nemli bir
Ozelliktir. Bu nedenle bir {iriine ait renk, tat ve tekstiir en Onemli kalite
ozelliklerini olusturmaktadir. Bir¢ok gida iiriiniinde dis goriiniisii etkileyen
ana faktor renk olup, en kritik olamidir. Tiiketiciler etin rengi ile tazeligi
arasinda bir iligki kurarak, o eti alip almama noktasinda karar vermektedirler.
Nitekim o gida iiriiniiniin rengi tiiketiciler igin kabul edilebilir degerlerde
degilse tercih edilmeyecektir (Celen ve ark, 2005).

Kanath iiriinlerinde renk (et rengi, yumurta sarisi, kabuk rengi) diinyanin
farkli bolgelerinde tiiketicilerin tercihlerine gore degiskenlik gostermektedir.
Genel olarak tiiketiciler broylerde deri renginin sari1 olmasimi isterken,
Avrupa’nmn birgok iilkesinde beyaz derili olmasi arzu edilir (Tirkoglu ve
Sarica, 2009; Anonim, 2020). Ulkemizde ise beyaz-sar1 deri rengine sahip
tavuklarmn tercih edildigini gormekteyiz. Tiiketicilerin, tercihlerine uygun
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deri rengine sahip kanatl etlerine daha fazla {icret 6demeyi kabul ettikleri
goriilmektedir (Celen ve ark, 2005). Bu nedenle fireticiler tiiketicilerin
tercihleri dogrultusunda {iriin iiretmelidir.

Kanath etlerinin renkleri gogiis, but, bacak vb. kisimlarinda farklilik
gostermektedir. Kaliteli bir kanatl etinde ¢ig iken go6glis kismmm solgun
pembe, but ve bacak bdlgesinin kirmizimsi renkte olmalidir (Northcutt,
1997). Pismis kanatli {irinlerinde ise kirmizi veya pembe goriiniim kusurlu
olarak kabul edildiginden, bu hususlara dikkat edilmesi gerekmektedir. Bu
nedenle kanath hayvanlarin deri ve dokularmdaki pigment diizeylerini
etkileyen faktdrlerin, son {iriin rengini etkileyen islemlerle ilgili kriterlerin ve
renk kusurlarina sebep olan kaynaklarn iyi bilinmelidir (Celen ve ark, 2005).

2. Deri Ve Et Rengi

Kanatli etlerini kasaplik hayvan etleri ile karsilastirdigimizda daha ince
lifli yapida oldugu goriilmektedir. Kanath etinin bag dokusu ve yag orani
diger etlere gore daha diisiiktiir. Kanath hayvanlarin etlerinde tiirler arasinda
oldugu gibi aym tiire ait wrklar arasinda da farkliliklar g6zlenebilmektedir.
Bunun yaninda yas, cinsiyet, besleme yontemleri, ¢evresel kosullar gibi
birgok faktoriin  interaksiyonlar1 ile farkli et renkleri meydana
gelebilmektedir. Genel olarak tavuk ve hindi etleri daha agik renkli iken, kaz
ve ordek etleri daha koyu renkli olmaktadir. Hayvanlarin yaslari ilerledikge
etlerinin renginde de koyulagsma orani artmaktadir. Belirtilen sebepten dolay1
broyler kisa siirede kesime alindigindan etleri daha agik renkte iken, daha
ileri yaglarda kesilmek zorunda kalman yumurtaci tavuk etlerinin daha koyu
renge sahip oldugu goriilmiistiir. Kanath etinde rengin agik ya da koyu olmasi
hayvanin biinyesindeki kasin 6zelliklerine gore de farklilik gostermektedir.
But ve kanat bolgeleri en fazla ¢alisan kaslardan oldugu i¢in bu bdlgelerden
elde edilen etler daha koyu renkte olurken, gogiis bolgesinden elde edilen
etlerin daha agik renkli oldugu gozlemlenmistir (Inal, 1992; Ergezer, 2005).

Kanath hayvanlarda deri renginin olusumunda genetik faktorler etkili
olmaktadir. Deri rengi; beyaz, sari, siyah, mavi, yesil vb. renklerde
olabilmektedir. Baz1 genotiplerde melanin pigmenti {iretimi ve karotenoid
pigmentlerinin birikmesiyle deri renkleri olusmaktadir. Tiiketiciler tarafindan
melanin pigmentine sahip etlik piligler tercih edilmemektedir. Bu nedenle
tim ticari etlik pilic wklarinda gergeklestirilen seleksiyon islemleri
sonucunda melanin pigmentlerinin iretimi elimine edilmistir. Pigmemis
kanatli etinde solgun sarims1 kahverengiden pembe renge kadar, pigmis ette
ise sarmms1 kahverengiden gri renge kadar renk farkliliklar1 tiiketicilerin
iiriinii kabul edip etmemelerini etkilemektedir. Ozellikle pismis etin pembe
gOriliniisii kanatli et Girlinlerinin ana kusurlarinin baginda gelmektedir. Gorsel
kusurlar, karkasin ve etin goriiniimiinii kétii etkileyen faktorlerdendir. Fakat
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bu kusurlar direk olarak pigmentlerle, deri ve etin fiziksel ve kimyasal
ozelligi ile iliskili olmayabilir (Celen ve ark, 2005).

En 6nemli gorsel kusurlar; ¢iirime ve doku igerisindeki kanama ile iligkili
olmakla beraber, ¢ilirlimenin kilcal damarlarin kopmasiyla olusan fiziksel
travmadan kaynaklanmaktadir (Celen ve ark, 2005). Cirlimeden ve
dokulardaki kanamadan dolay1 kas dokularinin renk bozuklugu iiriinlerin
goriiniisiinii olumsuz etkilemektedir. Irk, cinsiyet, stok orani, tiiylenme, viicut
blyikligi, yas, mevsim, 151k yogunlugu, altlik durumu, kiimes
havalandirmasi, hastalik, mikotoksinler, vitaminler, stres, yakalama kosullari,
bosaltma, asma, bayiltma ve kesme islemlerinin ¢ilirlimeyi etkiledigi
belirtilmektedir (Bilgili, 1990).

Kanathilarda et rengini etkileyen faktorlere dair birgok arastirma
gergeklestirilmistir. Cinsiyet, yas, wk, yem, kas i¢i yag dagilimi, etin su
icerigi, kesim Oncesi ve sonrasi sartlar, et igleme yontemleri, pisirme sicakligi
ve dondurma kosullarinin kanatlilarda et rengini etkiledigi bildirilmistir
(Mugler ve Cunningham 1972, Sengiil ve ark., 2018).

2.1. Et Rengini Etkileyen Pigmentler (Heme Pigmentler)

Heme pigmentler et renginin olusmasinda 6nemli rolii bulunmaktadir.
Kanatli etlerinde de rengin olusmasinda One ¢ikan en Onemli heme
pigmentler; hemoglobin, myoglobin, ve cytochrome ¢’dir. Hemoglobin; kan
dolasiminda dokulara oksijen tagimakla goérevli oldugundan, ayn1 zamanda
hemoglobin, “kan pigmenti” olarak da bilinir. Buna karsilik myoglobin,
kaslarda dominant pigmenttir ve oksijenin kas hiicrelerinde depolanmasindan
sorumludur. Bu nedenle myoglobin de “kas pigmenti” olarak
adlandirilmaktadir. Etin renginin, biiylik 6l¢iide miyoglobin konsantrasyonu
ve kismen de hemoglobin gibi pigmentlerin ortamdaki varligina bagl oldugu
belirtilmistir (Froning, 1995; Fletcher, 2002; Celen ve ark, 2005, Celen ve
ark., 2016; Sengiil ve ark., 2018).

Kanath etindeki miyoglobin miktarmnm diger tiirlere gore oldukea diisitk
seviyelerde oldugu belirtilmistir. Bu degerler; tavuk gogiis etinde 0.12-0.28
mg/g civarinda hemoglobin; 0.15-0.31 mg/g miyoglobin iken, hindi gogiis
kaslarinda 0.5 mg/doku diizeyindedir (Guidi ve Castigliego 2010; Yaman,
2015). Etin kirmizi rengini almasi, miyoglobinin oksijen ile tepkimeye
girerek oksi-miyoglobin sekline doniigmesi ile olmaktadir. Ette gergeklesen
bu renk degisimi, etin ihtiva ettigi pigmentlerin miktarma gore farklilik
gostermektedir. Bdoylece, etin icerdigi pigmentlerin kimyasal yapisi ve
nihayetinde de etin iizerine diisen 15181 yansitma orani degisim
gostermektedir (Northcutt, 2007, Sengiil ve ark., 2018).

Cytochrome c, miyoglobine benzer bir yapidadir ve mitokondride yer alir.
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Bu baglamda yapilan bir ¢aligmada etin myoglobin igerigi ve rengi ile hayvan
tiirl, kas tipi ve hayvan yagmin iliskileri arastirilmigtir (Miller, 1994). Bu
calismada; 8 haftalik tavuk beyaz etinin 26 haftalik yastaki horoz beyaz eti,
geng hindi beyaz eti, 8 haftalik tavuk koyu eti, 26 haftalik horoz koyu eti ve
24 haftalik erkek hindi koyu eti ile karsilastirildiginda daha diisiik myoglobin
icerigine sahip oldugunu ve ayni zamanda 5 aylik domuz eti, kuzu eti, balik
eti ve sigir etinden de daha diisiik myoglobin igerigine sahip oldugu
aciklanmistir (Miller, 1994).

Kanatlilarda gogiis eti but etine goére daha disik diizeyde pigment
konsantrasyonlarina sahip olmasina ragmen pembe renk problemleri gogiis
etinde daha yaygindr. Yas, cinsiyet ve wk hindi etinin myoglobin
konsantrasyonunu etkilemektedir. (Froning ve ark. 1968). Yasla birlikte
myoglobin konsantarsyonunun arttig1, disilerin erkeklere gore gogiis ve but
kaslarinda daha diisiik myoglobin igerigine sahip oldugu belirtilmistir.
(Froning ve ark. 1968). Etlik pili¢ karkaslarindaki heme pigment diizeyleri
tizerine hava ve buzlu su ile sogutmanin etkisinin arastirildig: bir ¢alismada;
buzlu suya daldirmanin gdgiis eti ve but rengi lizerine etkisinin olmadigi
belirtilmistir (Fleming ve ark. 1991b). Farkli bir caliymada ise, gogis eti
filetolarinin solgun goriinimde olmasmin nedeni, tavuk etinin buzlu su
tankinda  sogutulma siiresince heme pigmentlerini kaybetmesiyle
aciklanmistir (Bouline ve King, 1995).

3. Et Rengini Etkileyen Faktorler

Kanath hayvanlarin et rengini etkileyen faktorler genel olarak; kesim
oncesinde, kesim esnasinda ve kesim sonrasinda karsimiza ¢ikmaktadir.
Kesim dncesinde basta ¢evresel faktorler olmak lizere, yetistirme kosullar,
tagima, stres vb. faktorler kanath etinin kalitesini ve rengini etkilemektedir.
Nitekim renkte olusan kusurlarin  biliylk bolimii bu asamada
gerceklesmektedir. Kanatli etinde olusabilecek ¢esitli kusurlardan ya da
yanlig uygulamalardan kaynakli renk degisimleri kolorimetrik cihazlar olarak
bilenen aletlerle saptanir. Bu islem ger¢eklestirilirken etin; L*(parlaklik), a*
(kirmizilik) ve b* (sarilik) degeri cinsinden renk agisindan kalite 6zellikleri
belirlenmektedir. Kesim esnasinda ve sonrasinda ise; bayiltma (elektrik ve
gazla), 1slatma (haslama), sogutma, pH seviyesi ve marinasyon isleminde
kanatli etinin renginde degisiklikler yasanmaktadir.

3.1. Kesim Oncesi Faktorler

Ureticiler iiretim doneminde kanatli hayvanlarin en kisa siirede en az
maliyetle maksimum canli agiwrhga ulagsmasimi arzu etmektedirler.
Hayvanlarin kiimesten kesimhaneye ulastirilincaya kadar tasinmasi siirecinde
birgok faktor kaliteli et iiretimini onemli diizeyde etkilemektedir. Ciinkii
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tagima esnasinda hayvanlarin basta sicaklik olmak {izere birgok strese maruz
kalmalar1 etin kalitesinde de kayiplara sebebiyet vermektedir. Bundan dolay1
kiimesten tasiyici araglara yiikkleme siiresince hayvanlarin yakalama islemleri
ile kesimhaneye gelmeden Onceki tasima ve bosaltma igslemlerine miimkiin
mertebe dikkat edilmelidir (Celen ve ark., 2005). Bunun yaninda etin renk ve
tekstiir Ozellikleri kanatli hayvanlarin kiimes i¢i ¢evre kosulart ve
beslenmesiyle de dogrudan iligkilidir. Bu asamada olasi yanlis uygulamalar
kas glikojen metabolizmasinin degisereck kas pH’smin yiiksek veya diisiik
olmasma sebep olmakta ve bu da ette renk degisimlerine neden
olabilmektedir (Nijdam ve ark., 2005; Yalgmn, 2013; Giiney ve Oral Toplu,
2017).

3.1.1. Sicaklik ve Tasima

Sicaklik ve tagima iglemi birbirleriyle yakn iliskilidir. Cilinkii hayvanlarin
sicak veya soguk ortamda taginmalari et kalitesini etkileyebilmektedir.
Yapilan bir ¢aligmada, etlik pili¢lerin yiiksek sicaklikta tasmmasinin et
kalitesini olumsuz etkiledigi, bu durumun da PSE (soluk, yumusak,
eksiidatif) et olugmasma sebep oldugu belirtilmistir. Arastirmacilar, yaz
mevsiminde kesime gotiiriilen piliglerin etlerinin ki mevsiminde taginanlara
gore farkli pH degerlerine sahip oldugunu bildirmislerdir. Kesim isleminden
bir giin sonra tespit edilen pH degerinin yaz mevsiminde tasinan pili¢lerde
daha diisiik, sarilik renk indeksi degerinin (b* degeri) ve kesme kuvvetinin
ise daha yiiksek diizeyde oldugunu belirtmislerdir (Yalgin, 2013; Giiney ve
Oral Toplu, 2017). Sicakligin yani sira, kesim oncesi kiimes i¢i gaz diizeyleri
ve kanathh hayvanlarin tasima sirasinda araglarin egzoz gazma maruz
kalmalar1 da et renginde etkisi olumsuz oldugu bildirilmistir (Froning ve ark.,
1969; Sackett ve ark., 1986).

3.1.2. Stres

Stres, kanatli hayvan yetistiriciliginde dikkat edilmesi gereken hususlarin
baginda gelmektedir. Strese maruz kalan hayvanlarda fizyolojik olarak
birtakim degisiklikler goriilmektedir. Stres, hayvanlarda fizyolojik olarak
glikoz, protein ve depo yaglarin kullanimmnin artmasmna ve bu nedenle de
kanatlilarda biiyiime, gelisme ve canli agirlik artig1 gibi performansa iliskin
parametrelerde diisiis yasanmasina sebep olmaktadir. Bunun yaninda karkasta
normal rigor mortis olusumunu engelleyerek tekstiir, renk ve lezzet gibi et
kalite kriterlerini de olumsuz yonde etkilemektedir (Giingen ve ark., 2010;
Giiney ve Oral Toplu, 2017). Bildircinlarda stresin et kalitesi {izerine
etkilerinin belirlenmesine yonelik yapilan bir ¢aliymada arastirmacilar; uzun
stireli strese maruz kalan hayvanlarin gégiis eti pH’sinin arttigini, L*, a* ve
b* renk degerlerinin ise etkilenmedigini belirtmislerdir (Remignon ve
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ark.,1998; Sengiil ve ark., 2018).

Hayvanlarda sicak ve soguk stresi adrenal medulla ve adrenal korteksten
hormonlarin salgilanmasma neden olabilmekte ve bu hormonlar kas ve
karacigerdeki glikojen diizeylerini etkiler. Kas glikojeninin bu degisimleri
kas pH’sim1 ve dolayisiyla kesim sonrasi et kalitesini 6zellikle de et rengine
etki etmektedir. Normal stres faktdrlerinin kanatlilarda SYN (solgun,
yumusak ve nemli) et Ozelliklerinin ortaya ¢ikarmasinda rol oynadigina
iligkin varsayimlar oldugu ve Ozellikle bunun hindilerin g6giis etinde
meydana geldigi bildirilmistir (Warris ve ark., 1999). Hindilerde kesim
oncesi sicaklik stresinin et rengini etkiledigi belirtilmistir (Froning ve ark.,
1978). Kesim oncesi degisik faktorler kanath gogiis etinde renk degisiminde
etkili olmaktadir. Kesimden énce yiiksek sicaklik altinda (38 ° C) tutulan
kanatlilarda ette diisiik pH, diisiik su tutma kapasitesi, diisiik pisirme degeri
ve yiliksek kesim randimani tespit edilmistir (Babji ve ark. 1982).
Aragtirmacilar, kesim Oncesi sicakliga maruz kalan hindilerin et renginin
daha solgun oldugunu belirtmistir (Babji ve ark. 1982).

3.1.3. Uyanlma

Kanatlilarda et rengini etkileyen faktorlerden biri de kesim dncesi kanatli
hayvanlarm uyarilmasidir. Kesim 6ncesinde uygulanan bu islem, hindilerin
gogiis etlerinin daha kirmizi ve daha koyu bir renk almasmma neden
olmaktadir. Bununla beraber uyarilma ile birlikte hindilere verilen yemin
kesilmesi gogiis etinin glikojen igeriginin diigmesine neden olmakta ve
boylece yiikleme ve tagima sirasinda meydana gelen stres ile birlikte pembe
renk problemleri ortaya ¢ikmaktadir. (Ngoka ve ark., 1982; Celen ve ark.,
2005). Kesim Oncesi epinephrine enjeksiyonun etlik piliglerin gogiis eti
rengine, pH ve heme konsantrasyonlar iizerine etkilerine dair bir arastirma
yapilmistir. Bu c¢aligmada arastirmacilar, kesimden hemen 6nce hayvanlara
uygulanan adrenalin enjeksiyonunun kesim 6ncesinde stresi siddetli diizeyde
uyardigini, bu durumun da hem kas pH’sin1 hem de etin hemoglobin diizeyini
yiikselttigi igin gogilis etinde kararmaya neden oldugunu agiklamiglardir
(Walker ve Fletcher, 1993).

3.1.4. Besleme

Beslemede kullanilan yemin igerigi et rengine etki eden ©Onemli
faktorlerden biridir. Kanatli hayvanlarda besleme ile et rengi arasindaki
iligkiyi aragtiran gesitli ¢aligmalar yapilmistir. Bildircin rasyonuna katilan
kekik ugucu yaginin gdgiis etinin bazi mikrobiyolojik ve fizikokimyasal
ozelliklerine etkisinin arastirildigt bir ¢aligmada, kekik ugucu yaginin renk
parametrelerinden L* degeri lizerine sinirli bir etkisinin oldugu belirtilmistir
(Giimiis ve ark., 2017). Kanath hayvanlarin rasyonlarinda nitrit ve nitrat
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bulunmasi durumunda, bu maddelerin varligmm tavuk ve hindi etlerinde
kirmizihgr arttirdigi  bildirilmistir (Froning ve ark., 1969). Farkli bir
calismada ise, hayvanlarin kiiflii yemlerle beslenmesi kanatli hayvanlarin
kaslarinda kanamalara sebebiyet verdigi belirtilmistir (Forgacs ve Cari,
1962). Beslemenin kanatli etinin renk kalitesine etkilerinin arastirildigi
caligmalar incelendiginde beslemenin et rengini etkileyen Onemli
faktorlerden biri oldugunu gérmekteyiz.

3.1.5. Genetik ve Islah

Kanatli hayvanlarda (6zellikle broylerde) genotipler arasinda
pigmentlerin varligi ve hayvanin pigmentasyon Kkabiliyeti agisindan
farklhiliklar olabilecegi belirtilmektedir. Bu pigmentasyon seviyesinin ise
kalitsal oldugu, nihayetinde de genotipin et kalite 6zelliklerinden biri olan pH
diizeyine de etkisi oldugu bildirilmistir (Gardzielewska, ve ark., 1995; Celen
ve Giing6rdii, 2009). Kanath hayvanlarda genetik seleksiyon nedeniyle kas
ozelliklerinde Onemli degismeler meydana gelmisti. Modem hindi
yetistiriciliginde de 1slah ¢aligmalar1 hayvanin hizli gelismesi {izerine
yogunlagmakta ve giiniimiizde hindi endiistrisinde ette SYN 6zellik durumlart
ortaya ¢ikmaktadir (Celen ve ark., 2005).

Yapilan bir ¢aligmada kesimden 6nce SYN et 6zellik gelisimine egilimli
hindileri tanimak i¢in halothane gazi kullanilmig ve ¢aligma sonunda HAL-
duyarlt hindilerin HAL-duyarsiz hindilerle karsilastirildiginda % 51°den daha
yiiksek oranda agik renklilik degerlerinde fletoya sahip oldugu belirtilmistir
(Owens ve ark. 2000). Etlik piliglerde genotipin gogiis eti rengi ve kimyasal
ozellikleri iizerine etkilerinin arastirildigi bir ¢aliymada iki farkli genotip
kullanilmis ve genotipler A ve B olmak iizere gruplandirilmigtir. Caligma
sonunda; Genotip B etlik pili¢lerinden elde edilen gdgiis etinin A genotipine
gore; pH'sinin daha diisiik, L* degerinin daha yiiksek ve a* degerinin diisiik
oldugu agiklanmistir. Bununla beraber genotipler arasinda gogiis etinin b*
degeri ve su kaybinda farklilik bulunmadigi belirtilmistir (Celen ve ark.,
2009).

3.1.6. Yerlesim Sikhig1 ve Aydinlatma

Kanath hayvanlarda yerlesim siklig1 ve aydinlatma periyotlarmim et rengi
tizerine etkilerine dair arastirmalar yapilmigtir. Bu amagcla gerceklestirilen bir
caligmada farkli yerlesim sikligi ve aydinlatma programlarmm broyler
etlerinde renk, pH, TBARS degerleri iizerine etkisi aragtirilmistir. Caligmanin
sonunda; gogis eti L*, a* ve b* renk Ozellikleri {izerine aydmlatma
programlari ile yerlesim sikligmm etkili olmadig1 belirtilmis, aydinlatma
programi x yerlesim siklig1 interaksiyonunun ise L* ve b* renk parametreleri
iizerine etkili oldugu belirtilmistir (Lagin ve ark., 2013). Farkli bir ¢aligmada
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ise yerlesim sikliginin azaltildigi takdirde yerlesim sikligmin azaltilmasiyla
b* degerinin yiikseldigini, L* ve a* renk parametrelerinin ise degismedigi
bildirilmistir (Galobart ve Moran, 2005; Lagin ve ark., 2013 ).

3.2. Kesim isleminde ve Sonrasinda Etkili Olan Faktorler

Kanatli hayvanlarin kesim esnasinda uygulanan prosediirler karkas
kalitesini dogrudan etkilemektedir. Bazi ¢alismalarda, etlik pilic gégiis etinin
kesim esnasinda ve islenmesi boyunca renk degisimlerinde farkliliklar
yasandigi ve birtakim (solgun, kanli goriiniim) kalite sorunlarmna yol agtigi
belirtilmistir (Barbut, 1997; Fletcher, 1999a). Bu sorunlarin ¢ogunun asir1
solgunluktan (SYN-6zellik) agir1 koyuluga (koyu, sert ve kum; KSK-6zellik)
¢ok farkli renk degiskenliginden meydana geldigi belirtilmektedir (Barbut,
1997; Fletcher, 1999a; Celen ve ark., 2005).

3.2.1. Baylltma Teknikleri

Kanatli hayvanlarda kesim igsleminde genellikle elektrik akimi verilerek
bayiltma uygulanir. Bunun yam sira gazla bayiltma yontemleri de uygulanan
diger bir metottur.

3.2.1.1. Elektrik Akimiyla Bayiltma

Etlik piliglerde kesimde 100 mA’den daha yiiksek elektrikle bayiltilmasi
etlik piliglerin g6giis etinde fazla miktarda kan lekelerinin olugmasina neden
olmaktadir (Veerkamp, 1987). Kanath hayvanlarda g¢ogunlukla kesim
isleminde bayiltma ydntemi uygulanmaktadir. Bu nedenle kesim esnasinda
fazla ¢irpman kanathh hayvanlarin, bayiltma ydntemi ile kesilenlere gore
g6giis etlerinde rengin daha koyu oldugu goézlemlenmistir. Bu durum, etin
yiksek pH’ya sahip olmasma neden olmaktadir. Nihayetinde de etin koyu
renkli, sert ve kuru bir goriiniime sahip olmasina neden olmaktadir (Allen ve
ark., 1997; Berg, 2001; Alkin ve Ovali, 2002; Giiney ve Oral Toplu, 2017).

Oliim sonrasi elektrik uygulamasmin hindi etinin kalitesi iizerine etkisinin
saptanmast amaciyla gerceklestirilen bir ¢alismada arastirmacilar, 6lim
sonrast elektrik uygulamasmin pismemis hindi gogiis etinin daha kirmizi
olmasma, pigmis ette ise daha agik renkli olmasma neden oldugunu
belirtmiglerdir (Maki ve Froning, 1987). Farkli bir ¢caligmada ise, elektrik ile
bayiltmanm hindilerde gdgiis eti rengi lizerine etkisinin olmadig: tespit
edilmistir (Owens ve Sam, 1997). Kesimle beraber yeterince kani akmayan
kanatli hayvanlarda tily yolmadan sonra karkas kirmizimsi bir goriinim
kazanir (Celen ve ark., 2005).
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3.2.1.2. Gazla Bayiltma

Kanath hayvanlarin gazla bayiltilmasi ve gazla dldiiriilmesi de gogiis et
renginde degisiklige sebep olmaktadir. Kesim isleminde argon gazi ve
karbondioksitin kullanildig1 bazi ¢aligmalarda bu gazlarin kanath etlerinde
degisiklikler meydana getirdigi agiklanmistir. Gazla bayiltma ile ilgili yapilan
bir ¢aliymada argon gazi ile 6ldiiriilen etlik pili¢lerin gégiis eti renklerinin
karbondioksit gazi ile o6ldiiriilenlerden daha az koyu oldugu bildirilirken,
farkli bir ¢aligmada karbondioksit gazi ile bayiltilan hindilerin gogiis eti
renklerinin elektrik ile bayiltilanlardan daha az kirmizi oldugu belirtilmistir
((Raj ve ark.,1990; Fleming ve ark., 1991a).

3.2.2. Islatma (Haslama)

Kanatli kesimhanelerinde haglama iglemi kuvvetli (70-80 °C’de 30-60
sn), yar1 (58-60 °C’de 30-75 sn) ve hafif haglama (50-55 °C’de 90-120 sn)
olmak tizere 3 farkli sekilde yapilabilmektedir. Haglama igleminde haglama
suyu sicakliginin yukarida belirtilen noktalardan yiiksek olmamasi veya
yukarida belirtilen sicakliklarda gévdenin gereginden daha fazla haslama
kazani igerisinde birakilmamasi gerekir. Buna uyulmadig: takdirde her iki
durumda da deri iizerindeki epidermis tabakasi kalkacagindan deri pembe bir
goriiniim alir ve hava ile temasinda kararmaya baglar, bundan dolayr kesim
isleminde dikkat edilmesi gereken Onemli hususlardan biri de haslama
islemidir (Celen ve ark., 2005).

3.2.3. Sogutma

Sicaklik solgun kanatli eti gelisiminde bu derece 6nemli bir rol
oynadigindan, karkaslarda sogutma teknigi gibi kesim sonrasi faktorler 6nem
teskil etmektedir. Kesim sonrast yavas sogutulmus hindi karkaslarinda renk,
su tutma kapasitesi, tekstliir ve iriin Dbitinliigiinin olumsuz yonde
etkilendigine dair ¢caligmalar mevcuttur (Alvarado ve Sams 2002; Serdaroglu
ve Oztiirk, 2011). Kesimhanelerde karkas sogutma islemi genel olarak buzlu
suda ve hava ile sogutma seklinde yapilmaktadir. Her iki yOntemin
hemepigment konsantrasyonuna ve et rengi iizerine etkisi arastirildigi bir
caligmada, etlik piliglerdeki hemoglobin ve myoglobin pigment diizeyleri
tizerine sogutma islemleri arasinda Onemli bir farkliligim olmadig:
belirtilmistir (Fleming ve ark. 1991b). Buna karsilik g6giis, but ve taslikta
cytochrome ¢ konsantrasyonu hava ile sogutma isleminde daha yiiksek
diizeyde bulundugu aciklanmistir. Bu durumun ise, buzlu suda sogutma
siresince  sulanma ve ¢oziinme nedeninden kaynaklanabilecegini
belirtmiglerdir.
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3.2.4. pH Seviyesi

Kanatlilarda etin pH diizeyi de rengi etkileyen faktorlerin baginda
gelmektedir. Kas pH’st ve et rengi arasinda yiiksek derecede korelasyon
vardir. Kas pH’s1 kesim zamanindaki kasm biyokimyasal durumuyla ve
kesim sonras1 6liim sertliginin gelisimiyle iliskilidir. Kas pH’s1 ayn1 zamanda
myoglobin igerigi ve myoglobinin reaksiyonlar1 ile de iligkilidir. Et pH’s1
yiikseldikge renk daha koyu, diistiikce daha agik olmaktadir. Kas pH’si
yumusaklik, su tutma kapasitesi, pisirme kayiplar1 ve mikrobiyel stabilitesi
(raf 6mrii) gibi birgok et kalite simgesi ile iligkilidir (Celen ve ark., 2005).

Etlik pili¢ gogiis etinin raf d6mrii ve koku gelisimi ile ilgili olarak pH ve
gbgilis eti renginin iligkisinin arastirildigi bir ¢aligmada cesitli gogiis eti
rengindeki degisimlerin pH ile iliskili olabilecegi belirtilmistir (Allen ve ark.
1997). Etlik pili¢ gégiis etinin renk varyasyonu ve bu varyasyonun kas pH’s1
ve yapisal 6zellikleri arasindaki iligkinin arastirildig: farkli bir ¢alismada ise,
gbgiis eti rengi ile pH arasinda 6nemli derecede yiiksek bir korelasyon
oldugu belirtilmistir (Fletcher, 1999b). Normal ve PSE (soluk, yumusak,
eksiidatif) hindi g6giis eti arasindaki kimyasal bilesim, pH, renk, miyoglobin
ve sizma kaybinm karsilastirildigr bir arastirmada; normal gogiis eti, soluk
g6giis etine kiyasla dnemli Olgiide daha diigikk L *, a * ve b * degerlerine
sahip oldugu tespit edilmistir. Normal gdgiis etinde miyoglobin
konsantrasyonu ve pH, soluk gégiis etine kiyasla 6nemli 6lgiide daha yiiksek
bulunmustur (Celen ve ark., 2016).

3.2.5. Marinasyon Islemi

Kanatli hayvanlarin kesim iglemi gerceklestirildikten sonra g¢esitli
metotlarla marine edilmektedir. Marinasyon isleminde tercih edilen marinatin
ihtiva ettigi maddelere bagli olmak {izere etin pH’st ve renk degeri
degisiklige maruz kalmaktadir. Marinasyon isleminde sitrik asit ve fosfatin
kullanildig1 bir c¢alismada, go6giis filetolarinin marine edildikten sonra
pisirilmis ve daha sonra etin pH ve renk degerleri belirlenmistir.
Aragtrmacilar ¢aligmalarinin sonucunda, sitrik asit diizeyinin arttikca pH
degerinin diistiigiinii, fosfatlarin ise etteki pH seviyesinin artirdigini
belirtmislerdir. Nitekim etteki pH degerinin azalmasiyla birlikte “L”
degerinde artis gozlemlendigi, bunun yaninda “a” degerinde ise azalma
meydana geldigi bildirilmistir. Benzer sekilde pH degerinde yiikselme olmast
“L” degerini azaltirken “a” degerinde artiga sebep olmustur (Yang and Chen,
1993).

3.2.6. Diger Faktorler

Kesim igleminden sonra bagta iriiniin depolanmasi, ambalajlanmasi,
taginmasi, lriine 1s1l islem uygulanmasi vb. birgok faktdr et rengine etki
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etmektedir. Et rengine etki eden kesim Oncesi ve kesim esnasindaki
faktorlerde oldugu gibi kanath etinin arzu edilen et renginin muhafaza
edilebilmesi igin; iriiniin depolanmasindan son tiiketiciye ulagincaya kadar
gegen zaman igerisinde belirtilen hususlara 6zen gosterilmelidir.

4. Sonu¢

Gilinimiizde kanatli etleri daha ¢ok islenerek pargalara ayrilmig ve
pisirilmeye hazir bir sekilde tiiketicilere sunulmaktadir. Kanatl hayvanlarin
deri ve et rengi ile bir 6rnek olmasi tiiketicilerin tercihini etkilemektedir.
Kanatli hayvanlarin et rengi kusurlarinin olusmasinda degisik faktorler
(kesim Oncesi, kesim esnasinda ve sonrasinda uygulanan prosediirler) rol
oynamaktadir. Kesim Oncesinde basta c¢evresel faktorler olmak iizere,
yetistirme kosullari, besleme, genetik yapi, tagima, stres, uyarilma vb.
faktorler kanath etinin kalitesini ve de rengini etkilemektedir. Nitekim renkte
olusan kusurlarmn biiyiik boliimii bu asamada gergeklesmektedir.

Ureticilerin hayvanlarin kesim siirecine kadar saghkli bir sekilde
ulasabilmesi igin belirtilen hususlara dikkat etmesi gerekmektedir. Kanatli
hayvanlarm kesimi esnasinda uygulanan islemler (bayiltma, 1slatma,
sogutma, pH seviyesi) karkas kalitesini etkileyen 6nemli faktorlerdendir.
Bunun yaninda kesim sonrasi prosediirlerin de et rengini etkiledigi
goriilmektedir. Bilhassa marinasyon isleminde kullanilan marinat malzemesi
etin rengine dnemli diizeyde etki etmektedir. Ureticilerin; kesim 6ncesinde,
kesim esnasinda ve de iirlinlerin islenmesi agsamasinda ag¢iklanmaya galisilan
faktorleri goz oOniinde bulundurmasi iiriinlerde yasanabilecek muhtemel
kayiplarin en aza indirgenmesinde etkili olacaktir. Boylece kaliteli kanatl eti
kendine has et rengini koruyarak son tiiketiciye ulagabilecektir.
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