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Abstract

MicroRNAs (miRNAs) are a class of endogenous, non-coding short RNAs, around 21 nucleotides (nt) in length found in eukaryotic
cells and some viruses. To date, miRNAs are identified in several plant species through experimental and computational approaches
where they play important roles in growth and development, metabolism, stress responses by guiding mRNA cleavage or repressing
translation. Although the faba bean (Vicia faba) is an important source of protein widely used for human and animal nutrition, not a
single miRNA has been identified in it up till now. Evolutionary conserved characteristics of plant miRNAs allow the identification of
conserved plant miRNAs by homology analysis. The aim of this study is the identification and characterization of miRNAs in faba bean
using the EST based homology analysis approach. For computational identification of novel miRNAs in faba bean, 8496 known and
unique plant miRNAs from 73 plant species were searched for homology against 20697 expressed sequence tags (EST) and 577 genome
survey sequences (GSS). Candidate miRNAs including protein coding sequences were recognized following the miRNA criteria of
secondary structure and biogenesis. In this study, 262 candidate miRNAs belonging to 143 miRNA families have been identified for the
first time in faba bean. Moreover, psRNATarget server predicted 712 potential target genes of these candidate miRNAs from faba bean.
Predicted target genes seem to be involved in the regulation of several important biological processes. The results of this study will
contribute to further research on miRNAs, leading to an improved understanding of the role miRNAs play in biological processes and

the underlying environmental stress related molecular mechanisms of faba bean.

Keywords: Computational identification; Expressed sequence tag (EST); miRNA; Target genes; Faba bean; Vicia faba.

1. Introduction

MicroRNAs (miRNAs) are non-coding, short RNAs found in
eukaryotic cells and some viruses. A mature plant miRNA is
around 21 nucleotides (nt) in length which derive from longer,
self-complementary transcript called primary miRNA (pri-
miRNAs). Pri-miRNAs are mostly transcripted by RNA
polymerase II from miRNA genes (MIR). Pri-miRNAs that fold
into hairpin structures are cleaved by RNase III enzyme, Dicer-
like 1 (DCL1), into a precursor miRNA (pre-miRNAs) whose
length ranges from 43 to many hundreds of bases (miRBase,
2014- http://www.mirbase.org/). Processed pre-miRNAs are
cleaved again by DCLI into a miRNA / miRNA* duplexes that
tend to have around 21 nt in length (Park, et al., 2002; Reinhart,
et al., 2002) and then exported from the nucleus to the cytoplasm
(Park, et al., 2005). In the cytoplasm, one strand of the duplex
called mature miRNA is incorporated into an AGO protein, the
component of RNA-induced silencing complex (RISC), while the
other strand is degraded. Once a mature miRNA is associated to
RISC, it interacts with its target mRNA. The base
complementarities between miRNA and target mRNA determine
either the mRNA cleavage or repression of translation. Plant
miRNAs usually show perfect or near-perfect complementarities

to their targets that generally cause the target mRNAs to break
down (reviewed in Voinnet, 2009; Bologna, et al., 2013).
Numerous studies have demonstrated that miRNAs play crucial
roles in many biological and metabolic processes, including
growth, development, metabolism, and transport as well as biotic
and environmental stress responses.

The main characteristics of miRNAs like the high
conservation of plant miRNAs among different species, the
knowledge of plant miRNA biogenesis and the stem loop hairpin
structure of pre-miRNAs with lower minimum folding energy
provide foundation for the identification of miRNAs by
computational approaches such as the EST based homology
analysis. This approach allows for the prediction of miRNAs
whose genomes have not been sequenced yet and it provides a
better understanding miRNA evolution of plants.

While the first miRNA, lin-4, has been identified in
Caenorhabditis elegans in 1993 (Lee, et al., 1993; Wightman, et
al., 1993), the first plant miRNA was discovered in Arabidopsis
in 2002 (Reinhart, et al., 2002). Since then, 28645 precursor
miRNAs and 35828 mature miRNAs have been deposited in
miRBase, an online database of published miRNA sequences.
Some of those, 8496 mature and 6992 precursor miRNAs have
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been identified in 73 different species in Viridiplantae (miRBase
- Release 21, June 2014).

Faba bean (Vicia faba L.) is an important crop that has been
cultivated from early Neolithic times (Duc, 1997). The crop is also
an important source of protein not only for human but also for
animal nutrition. Faba bean has high yield potential under
optimum environmental conditions, but its high sensitivity to
environmental stresses causes considerable reduction in the yield
in comparison with other grain legumes (Hanafy, et al., 2013).
According to FAO statistics, world annual production of faba bean
is about 3.5 x 106 tons in 2013 and they are widely used especially
in developing countries in Asia (~1.6 x 106 tons) and Africa (~0.7
x 106 tons) (FAOSTAT, 2015). Although faba bean is a good
source of protein, its genome has not been sequenced yet because
of its large genome size. Nevertheless, faba bean has some
sequenced data i.e. expressed sequence tags (ESTs) and genome
survey sequences (GSS) which are available in the NCBI-
GenBank database (NCBI, 2014).

To date, numerous miRNAs have been identified by EST
based homology analysis approach from both plant and animal
species (Zhang, et al., 2005; Xie, et al., 2007; He, et al., 2008;
Yang, et al., 2012; Panda, et al., 2014). Genome-wide comparative
analysis was used to identify the conserved miRNA in various
species of the Fabaceae family and determined a total of 1379 pre-
miRNAs and 1545 functional miRNAs belonging to 9 species:
Acacia auriculiformis (7 precursor, 7 mature), Arachis hypogaea
(23 precursor, 32 mature), Acacia mangium (3 precursor, 3
mature), Glycine max (573 precursor, 639 mature), Glycine soja
(13 precursor, 13 mature), Lotus japonicus (62 precursor, 67
mature), Medicago truncatula (672 precursor, 756 mature),
Phaseolus vulgaris (8 precursor, 10 mature), Vigna unguiculata
(18 precursor, 18 mature) deposited in miRBase (Release 21, June
2014). However, not a single miRNA has been identified in faba
bean up till now. Considering the economic importance of faba
bean we identified potentially conserved miRNAs and their
putative target genes by using the EST based homology analysis
approach to search against ESTs and GSS datasets with the
previously known plant miRNA sequences as query. A total of 262
candidate miRNAs belonging to 143 miRNA families have been
identified for the first time in faba bean. Moreover, 712 potential
targets of these candidate miRNAs were also identified and their
putative functions were analysed to improve the understanding of
the role of miRNAs in metabolism, signal transduction and biotic
- abiotic stress responses as well as the underlying molecular
mechanisms of faba bean.

2. Materials and Experimental Procedure

2.1. Sequence data base and reference miRNAs

A total of 8496 previously known mature miRNA sequences
from 73 species in Viridiplantae were downloaded from miRBase
database (Release 21, June 2014 -http://www.mirbase.org). Out of
those known miRNAs, non-redundant miRNA sequences were
selected as reference miRNAs using the CD-HIT-EST web server
(http://weizhongli-lab.org/cd-hit/) (Huang, et al., 2010) with
identity cut-off of 1.0 while other parameters were kept in the
default state. Unique miRNA sequences were blasted against the
20697 EST and 577 GSS of Vicia faba which were downloaded
from NCBI-Genbank nucleotide databases
(http://www.ncbi.nlm.nih.gov). Reverse complement of EST and
GSS sequences were produced using Biophyton (Cock, et al.,
2009) script. The non-redundant EST and GSS (both positive and
negative strand) were developed using CD-HIT-EST web server
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(Huang, et al., 2010) with default parameters and used for
conserved miRNA search in faba bean.

2.2. Identification of potential (candidate)
miRNAs
The major steps of the identification process were

summarized in Figure 1.

Figure 1. Workflow of the prediction of Vicia faba potential
miRNAs by EST based homology analysis.
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The non-redundant mature miRNA sequences were aligned
against the non-redundant EST and GSS (both positive and
negative strand) of faba bean using the UEA sRNA workbench —
Sequence Alignment tool (Stocks, et al., 2012) to identify novel
faba bean miRNAs. UEA sRNA workbench — Sequence
Alignment tool provides a graphical platform for the PatMaN
(Priifer, et al., 2008) sequence alignment tool. PatMaN makes it
possible to perform a search on short patterns in large DNA
databases, allowing for approximate matches with the parameters
set as follows: maximum mis-matches allowed for 3 nt and
maximum gaps allowed for 0. Based on the alignment results,
ESTs and GSS that closely matched the query miRNAs with less
than 3 mismatches (n/n, n-1/n, n-2/n and n-3/n nucleotide
matches, where n equals the previously known miRNA length)
were selected and used for secondary structure prediction using
the UEA sRNA workbench-RNA folding/RNA annotation tool.
This tool generates a secondary structure from an RNA sequence
and highlights regions of interest using RN Aplot and also reports
the minimum free energy of the structure (Stocks, et al., 2012).

All candidate miRNAs were recognized following the
miRNA criteria of secondary structure and biogenesis as
described earlier (Ambros, et al., 2003; Zhang, et al., 2005;
Zhang, et al., 2006; Meyers, et al., 2008):

1. The pre-miRNA should be folded into appropriate stem
loop hairpin secondary structure.

2. The minimum length of the pre-miRNA is to be 60 nt.

3. The mature miRNA sequence should be located in one
arm of the hairpin structure.

4. The mature miRNA sequence and its opposite miRNA
strand (miRNA*) should not have more than 6
mismatches. Moreover, the maximal bulge of miRNA
and miRNA* should not be more than 4 nt.
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5. No loops or breaks should be allowed between the
mature miRNA sequence and its opposite miRNA strand
(miRNA¥*)

6. The predicted secondary structure should have higher
minimal folding free energy index (MFEI) and negative
minimal folding free energy (MFE) (below than -18).

Studies using BLASTX against the Uniprot database remove
protein coding sequences, because mature miRNAs are mostly
located in non-coding regions of genomes (Zhang, et al., 2005;
Song, et al., 2009; Panda, et al., 2014). However, recent studies
reported that some miRNAs can be located in exonic regions (Li,
et al., 2011; Yang, et al., 2012; Li, et al., 2012). Thus, sequences
matching the protein coding ones were also included in candidate
miRNAs in this study.

2.3. Nomenclature of candidate miRNAs

Candidate miRNAs were named according to the method
used by miRBase (Kozomara & Griffiths-Jones, 2014). These
miRNAs were named with the first letters of Vicia faba (vfa) and
with the gene families of homologous miRNAs that they show
resemblance with (such as vfa-miR156). miRNAs which belong
to the same gene family but whose secondary structure are
different or which are different on mature sequence were
diversified by small letters coming after gene family codes (such
as vfa- miR156a, vfa-miR156b).

2.4. Prediction of potential target genes of faba
bean miRNAs

After identifying the candidate faba bean miRNAs, the targets
of these miRNAs were predicted using the plant small RNA target
analysis server (psRNATarget:
http://plantgrn.noble.org/psRNATarget/). psRNATarget server
allows to reverse complementary matching between a miRNA and
its target transcript. Determination of target site accessibility is
calculated with unpaired energy (UPE) which is required for
opening the secondary structure around the miRNAs target and
the server distinguishes between translational and post-
transcriptional inhibition (Dai and Zhao, 2011).

The non-redundant ESTs of faba bean were used for
prediction of potential target of the candidate faba bean miRNAs
because they provide a direct evidence for the transcript
sequences. The ‘“user-submitted small RNAs/user-submitted
transcripts” option from psRNATarget was used with the
parameters that follow:

1. Maximum expectation: 2.0

2. Length for complementarities scoring (hspsize): 20 bp
3. 25 of top target genes for each small RNA
4

Target accessibility — allowed maximum energy to unpair
the target site (UPE): 25.0

5. Flanking length around target site for target accessibility
analysis 17 bp in upstream / 13 bp in downstream

6. Range of central mismatch leading to translational
inhibition: 9 — 11 nt

2.5. Functional annotation and pathway analysis
of miRINA target genes

The putative functions and metabolic pathways of EST
sequences of potential targets of faba bean miRNAs were
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determined using Blast2GO program (Release: 3.0, November
2014). Blast2GO program uses several traits to characterize
functions of miRNA target sequences (Conesa and Gotz, 2008).
The program was developed to make Gene Ontology (GO)
identification and at the same time it is a tool supported by enzyme
codes (EC), KEGG (Kyoto Encyclopedia of Genes and Genomes)
pathways and InterPro motives.

First, the putative functions of the ESTs were used as query
sequences for BLASTX searches against NCBI non-redundant
NR protein databases (QBlast-NCBI) with the parameters E-value
being le-10 and the number of blast hits being 20. Based on
BLASTX results, homolog ESTs with the previously identified
proteins in NCBI were accepted as target genes. To gain a better
understanding of the functional roles of the target genes in faba
bean all potential target genes were obtained through functional
enrichment analysis against GO databases by using
InterProScan5, AmiGO2 and PlantGOSlim.

Finally, to determine the metabolic pathways of target genes,
EC and KEGG pathway were produced. Thus, the enzyme codes
and the metabolic pathways of target transcripts were determined
by using the GO outputs which were summarized and visualized
by CateGOrizer (Zhi-Liang, et al., 2008) and REVIGO webtools
(Supek, et al., 2011).

3. Results and Arguments

The high degree of conservation of plant miRNAs among
plant species is the basis of computational identification of
conserved miRNAs from various plants (Cuperus, et al., 2011). In
this study, EST based homology analysis approach was used to
search novel candidate faba bean miRNAs from EST and GSS of
this important crop plant whose miRNAs have not been identified
yet.

3.1. Identification of candidate faba bean

miRNASs

Most of the previous studies used BLAST to align previous
known miRNAs against EST or GSS in their homology analysis
(Zhang, et al., 2005; Panda, et al., 2014). In this study, PaTMaN
was used instead of BLAST for alignment. It gives faster and
better results for short sequences alignment than BLAST does
(Priifer, et al., 2008).

Previous studies used BLASTX against the Uniprot database
to remove the protein coding sequences, because it was reported
that mature miRNAs have been located mostly in non-coding
regions of genomes (Zhang, et al., 2005; Song, et al., 2009; Panda,
et al., 2014). However, recent studies demonstrated that some
miRNAs were located in exonic regions of the genes because of
alternative splicing (Li, et al., 2011; Yang, et al., 2012; Li, et al.,
2012), which is shown for osa-miR6256 by Liu and Zhang (2012).
Thus, in this study, sequences which matched those of protein
coding were not removed and evaluated as candidate miRNAs as
presented in Online Resource 3. (Online Resource 3- Table S2).

According to the alignment results, a total non-redundant
9208 EST and 447 GSS sequences of faba bean were selected by
using of UEA sRNA workbench — Sequence Alignment tool
(Stocks, et al., 2012). The non-redundant 4624 mature miRNAs
from Viridiplantae were used as a reference for obtaining potential
miRNA sequences with the following criteria; mis-matches < 3
and gap = 0.

These potential miRNA sequences fold to the secondary
structures (stem loop/hairpin) according to the validation
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parameters described in Materials and Methods section by using
UEA sRNA workbench - RNA folding/RNA annotation tool
(Stocks, et al., 2012). According to the folding results a total of
262 candidate miRNAs belonging to 143 miRNA families have
been identified in faba bean (Fig. 2, Online Resource 1, Supp.

Figure S1).
Figure 2. Predicted secondary hairpin structures of some Vicia

faba miRNAs precursors.  Mature miRNA sequences are
highlighted with blue colour.

)
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Within the candidate miRNAs, 253 miRNAs have been
identified from the ESTs and remaining 9 miRNAs the GSS
(miR845, miR1044c, miR1888, miR5140f, miR5506, miR6182b,
miR6281d, miR6281e and miR8714) from the GSS. Among
predicted miRNAs; 3 miRNAs have 0 (zero) mismatch, 33
miRNAs 1 (one) mismatch, 33 miRNAs 2 (two) mismatches and
the 223 miRNAs 3 (three) mismatches (Supp. Table S1). All
candidate miRNAs searched against non-reduntant protein
database by BLASTX and 31 miRNA seems to be located on the
protein-coding genes such as V. faba mRNA for phloem specific
protein, V. faba cultivar Mammoth Sat5 gene (Online Resource 3,
Supp. Table S2). The location of candidate faba bean miRNAs on
protein coding genes were showed in Online Resource 5. (Online
Resource 5- Table S1).

The distinguishing characteristics of the predicted miRNAs
from other small RNAs such as miRNA mature sequences, length
of mature miRNAs, miRNA location, length of precursors, MFEs,
and MFEIs were analysed. miRBase data analysis shows that
mature plant miRNAs’ length is between 17-26 nt with a high
frequency for 21 nt in length (62.68 %) based on the biogenesis
criteria of miRNAs. Candidate faba bean miRNAs have been
identified and were found to be 17-24 nt in length and 56.44 % of
them were 21 nt in length, which is consistent with the size scale
of previously known plant miRNAs of Arabidopsis thaliana
(Zhang, et al., 2005), Glycine max (Zhang, et al., 2008), and
Phaseolus vulgare (Han, et al., 2014) and so on.

The nucleotide distribution of mature faba bean miRNAs
displayed a tendency to be first base towards a 5’ uracil, of which
128 candidate mature miRNAs (48,48%) showed biases towards
5’ uracil as characteristic features of miRNAs (Dhandapani, et al.,
2011). miRBase data analysis with known plant miRNAs also
indicated a tendency to be first base towards a 5’ uracil and
55.36% of previously known plant mature miRNAs started with
5’ U (Dhandapani, et al., 2011; miRBase, 2014).

To determine pre-miRNAs, the criteria of the minimum
length of pre-miRNAs was stated as 60 nt (Ambros, et al., 2003;
Zhang, et al., 2005; Zhang, et al., 2006; Meyers, et al., 2008).
However, data about the limitation of the maximum length of pre-
miRNAs was not indicated in the literature so far. The 6992 pre-
miRNAs belonging to the Viridiplantae are stored in miRBase
ranging from 60-350 nt in length. Only 4.32% of them were found
outside of this range. Thus, wherever available the EST and GSS
sequences of 700 nt (350 nt upstream and 350 nt downstream)
were extracted and used for secondary structure prediction. The
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length of the candidate pre-miRNAs ranged from 60 nt to 346 nt
(average 170 nt) were previously reported in which is in
agreement with the previously reported results in Arabidopsis
thaliana (Zhang, et al., 2005), Glycine max (Zhang, et al., 2008),
Brassica rapa (Dhandapani, et al., 2011), Phaseolus vulgare (Han,
etal., 2014) and Allium sativum (Panda, et al., 2014).

Mature miRNA sequence locations were found at either 5’
end or the 3’ end of the stem loop hairpin structure of potential
miRNAs. Predicted121 sequences of faba bean miRNAs were
located at the 3’ end, while the other 141 sequences were found at
the 5’ end of the miRNA precursors. While 112 sequences of
miRNAs were located only in positive strand and 128 sequences
of miRNAs were located only in negative strand, 22 sequences of
miRNAs seem to be located both positive and negative stand
(Supp. Table S1; Supp. Fig. S1). The predicted faba bean pre-
miRNA sequences were assessed for their G+C contents, and
results showed that G+C contents ranged from 25 to 65% in the
faba bean miRNA precursors with an average of ~ 31,92 (Online
Resource 2, Supp. Table S1). These findings match the results of
previously known plant miRNAs (Ambros, et al., 2003; Zhang, et
al., 2005; Zhang, et al., 2006; Meyers, et al., 2008). The minimum
free energy (MFE) value is a significant criterion for considering
the stability of the secondary hairpin structures (Prabu and
Mandal, 2010). The negative MFE value of the predicted
secondary structures of faba bean pre-miRNAs ranged from -18.2
kcal/mol to -116.1 kcal/mol (average ~ 43.37) as being consistent
with pre-determined criteria. The adjusted minimal folding free
energy (AMFE) (average ~ -25.71), and minimal folding free
energy index (MFEI) (average ~ -0.62) values of the candidate
miRNA precursors are both calculated by using MFE values,
respectively. The results indicated that the predicted miRNAs in
faba bean are probably true miRNAs in agreement with criteria of
secondary structure and biogenesis of miRNAs (Ambros, et al.,
2003; Zhang, et al., 2005; Zhang, et al., 2006; Meyers, et al.,
2008).

3.2. Identification of potential target genes of
miRNAs

The identification of the targets for the candidate miRNAs
contribute to evaluation of the function and regulation of the
newly predicted miRNAs in faba bean. Plant miRNAs show
perfect or near-perfect complementarities with their target
mRNAs as well as functional genes (Nodine and Bartel, 2010).
Non-redundant 9208 ESTs of faba bean were used for
identification of the potential targets of candidate faba bean
miRNAs by using psRNATarget webserver. While 712 potential
targets have been predicted from non-redundant EST sequences
of faba bean for 99 miRNA families, however no potential target
was predicted for 44 miRNA families (miR171, miR319, miR399,
miR774, miR775, miR816, miR848, miR858, miR1028,
miR1032, miR1061, miR1153, miR1168, miR1507, miR1513,
miR1533, miR1888, miR2084, miR2095, miR2592, miR2662,
miR3513, miR3520, miR4239, miR5077, miR5140, miR5246,
miR5368, miR5384, miR5506, miR5565, miR5640, miR6182,
miR6202, miR6300, miR6473, miR7534, miR7542, miR7817,
miR8123, miR8610, miR8656, miR9489, miR9674). These 712
ESTs match with faba bean miRNA sequences from 99 miRNA
gene families which were regulated by either cleavage or
repression of translation. The predicted target genes for the faba
bean miRNAs indicated that individual miRNA may regulate
more than one gene in consistence with the reports for other
studies about plant miRNAs (Zhang, et al., 2005; Zhang, et al.,
2008; Song, et al., 2009; Dhandapani, et al., 2011; Han, et al.,
2014; Panda, et al., 2014).
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Blast2GO program was performed to gain a better
understanding of the functions of these predicted target sequences
in faba bean. The putative functions of the ESTs of potential target
sequences of faba bean miRNAs were used as query sequences
for BLASTX searches against NCBI non-redundant NR protein
databases. The EST sequences regulated by 4 miRNA gene
families, namely miR835, miR845, miR8005 and miR9559
showed no resemblance with any protein; however, the EST
sequences regulated by the other 95 miRNA families resembled
the genes stored in NCBI. The sequences identified with the best
hits and suitable in terms of e-value by BLASTX were accepted
as target genes and their GO, EC and KEGG pathway analysis
was produced using default settings.

According to the results of the function identification and
metabolic pathway analysis, it is estimated that miRNA sequences
belonging to 95 miRNA gene families of faba bean played
important roles in biological and molecular processes (Online
Resource 4, Supp. Table S3). GO terms give the processes in
which the genes were analysed functionally in three categories: 1)
cellular component, ii) molecular function and iii) biological
process. GO analysis of target sequences of candidate faba bean
miRNAs showed that 34 different terms were enriched terms for
cellular component, 77 different terms were significantly enriched
terms for metabolic function and also 94 different terms were
significantly enriched terms for biological processes (Supp. Table
S4). The putative target sequences of miRNAs in molecular
function category were related to binding, catalytic activity,
oxidoreductase activity, hydrolase activity and so on. GO analysis
indicated that 94 different terms were related with development,
metabolism, transport, signal transduction and predicted 20 of
them under the function of biological process associated with
biotic stress, particularly abiotic stress responses (Table 1).

Table 1. GO analysis of stress related miRNA targets in faba bean.

Faba bean miRNA families GO terms related to stress
miR167, miR169, miR414, miR838, miR2611,
miR2938, miR3631, miR5021, miR5198, miR5745, GO:0006950 Response to stress
miR5998, miR6034, miR6281, miR6482, miR8709
miR167, miR169, miR414, miR838, miR2611,
miR2938, miR3631, miR5021, miR5198, miR5745, G0:0006952 Defense response
miR5998, miR6034, miR6281, miR6482, miR8709
GO:0006979 Response to oxidative
miR400, miR5658, miR5658, miR7777, miR8709 stress
miR400, miR5658 G0:0009408 Response to heat
miR400 G0:0009409 Response to cold
GO:0009414 Response to water
miR400 deprivation
miR400, miR5021, miR5998 GO:0009415 Response to water
G0:0009416 Response to light
mirR167 stimulus
G0:0009605 Response to external
miR2611, miR5745, miR6034 stimulus
G0:0009607 Response to biotic
miR2611, miR2868, miR5745, miR6034 stimulus
miR414, miR838, miR2938, miR3631, miR5021, G0:0009628 Response to abiotic
miR5998, miR6281, miR6482 stimulus
G0:0009644 Response to high light
miR400 intensity
miR400, miR5658 G0:0009651 Response to salt stress
G0:0009737 Response to abscisic
miR400, miR5253 acid
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G0:0009753 Response to jasmonic
miR6281 acid

G0:0009867 Jasmonic acid

miR6281 mediated signaling pathway

G0:0009991 Response to

miR5021 extracellular stimulus

G0:0042542 Response to hydrogen
miR400 peroxide

G0:0042742 Defense response to

miR6281 bacterium

G0:0043562 Cellular responses to

miR5021 nitrogen levels

G0:0070370 Cellular heat

miR5658 acclimation

Moreover, based on KEGG biochemical pathway analysis 44
miRNAs’ target transcripts involved in different cellular pathways
including biosynthesis of secondary metabolites, purine
metabolism, and thiamine metabolism were determined in faba
bean (Supp. Table S4).

The GO outputs obtained by functional identification and
metabolic pathway analyses were visualized by using
CateGOrizer (Zhi-Liang, et al., 2008) and REVIGO web tools
(Supek, et al., 2011). REVIGO distribution graph categorizes the
GO outputs which show significant resemblance in two groups
and show them in a two dimensional graph (Fig. 3).

Figure 3. Characterization of the biological process category of
the predicted miRNA target. The coordinates in the graph do not
express quantified values. The principle of the graph is the
distance between GO outputs showed resemblances.

4. Conclusion

According to miRBase (Release 21, June 2014) 1379
precursor and 1545 mature miRNA sequences belonging to 9
species have been identified and deposited in Fabaceae. However,
not a single miRNA has been identified in faba bean in literature
up to now, which is an important source of protein widely used
for human and animal nutrition. In this study, 262 candidate faba
bean miRNAs belonging to 143 miRNA families have been
identified from 20697 ESTs and 577 GSS using computational
approach. This study revealed that homology based
bioinformatics approaches like EST based homology analysis are
effective to identify and make functional analysis of miRNAs of
important agricultural plants especially those genome sequences
are not known. The next aim of this study is to verify
experimentally the predicted candidate faba bean miRNAs. The
results of this study will contribute to further research on
miRNAs, leading to an improved understanding of the role
miRNAs play in biological processes and the underlying
molecular mechanisms of faba bean. Thus, it will be possible to
increase the quality and efficiency of important agricultural
products by miRNA based approaches. As a matter of fact,
transgenic approaches may provide higher stress tolerance to faba


https://drive.google.com/open?id=0BwrOhhlx6GykR0pNRE5NRkZJZWs
https://drive.google.com/open?id=0BwrOhhlx6GykR0pNRE5NRkZJZWs

Avrupa Bilim ve Teknoloji Dergisi

bean by either decreasing or increasing the expression of some
miRNAs which are specific to some known environmental
stimuli.
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Istanbul Icin Niifus ve Su Tiiketimi Artislarinin Incelenmesi ve
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Oz

Diinyada niifus oldukga hizl bir artis egilimindedir. Diinyanin en kalabalik sehirlerinden birisi olan Istanbul, ticaret merkezi olmasi,
ekonomisinin biiylikligii tarihi ve turistik degerleri ile hizli niifus artisi i¢in en uygun yerlesim yerlerinin basinda gelmektedir. Artan
niifus ile birlikte sosyo-ekonomik potansiyele bagli olarak da artiglar gézlenmektedir. Gelecek yillarda herhangi bir su sikintisi
yaganmamasi i¢in niifus ve su tiiketim artis trendlerinin irdelenmesi gerekmektedir. Bu g¢alismada ¢esitli kurumlarin yaptigi niifus
tahminleri ile gz oniine alinan niifus tahmin yonteminin sonuglar1 incelenmistir. flge bazli niifus tahminleri yapilarak 2040 yilinda
(proje hesap yil1) su tiiketiminin maksimum hesap kullanim degerine ulasacagi varsayilmis ve ilge bazli niifus tahminleri ve tiiketim
tahminlerine gore Istanbul icin yillik tikketim degeri belirlenmistir. Mevcut ve planlanan su kaynaklarina bagli olarak mevcut ve
planlanan aritma tesisleri incelenmis ve tahmini tiiketimler ile karsilastirilmigti. Mevcut igmesuyu aritma tesislerinin besledigi

bolgelerde degisiklik yapilarak yeni besleme bolgeleri olusturulmustur ve yeni besleme bolgelerine gore tiiketimler hesaplanarak ve
kapasite artiriminin ne zaman yapilacag belirlenmeye ¢aligilmistir.

Anahtar Kelimeler: Niifus Tahminleri, Su Tiiketimi, Mevcut igmesuyu Aritma Tesisleri.

Investigation of Population and Water Usage Increase and Evaluation
of Water Demand for Istanbul

Abstract

World of population is quite rapidly growth trend. Istanbul is one of the world's most populous city which one of the most suitable
localities with center of trade, huge of economy, historical and touristic value for rapid growth population. Depending on socio-economic
potential increases also were observed. Increasing in population and water consumption trends are needed to examine to avoid any water
shortage on next years. In this study, the results of one method of population estimates with population estimates made by the various
institution and considered population estimates method were examined. It is assumed that the user account has reached its maximum
value of water consumption in 2040 (project calculation year) by estimating population of states and state-based and according to state-
based population and consumption estimates, annual consumption value were determined for Istanbul. Existing and planned water
treatment plants were examined depending on existing and planned water resources and consumption estimates were compared with
them. Feed zone which existing water treatment plants were changed and new feed were formed and consumption are calculated
according to new feed zone and were tried to determine increase of capacity when to do.

Keywords: Population Estimates, Water Consumption, Existing Water Treatment Plants.

.. Avrupa Yakasinda yer almaktadir. Mevcut ve planlanan i¢me suyu
1. Giris kaynaklarinin verimliligi, niifus ve tiiketim artislar1 istanbul’a
kesintisiz icme suyu temini i¢in onem arz etmektedir. Niifus
artiglarma baglh olarak toplumlarda bir¢cok kaynak daha hizlh
tiikketilmektedir. Yillar iginde Istanbul’da artan niifusa paralel
olarak su kullanimi da artig gostermektedir. Niifus artis1 ve buna
bagli olarak su tiiketimindeki artisinin devam etmesi, daha ileri

Diinya genelinde metropoller i¢in su temini dnemli bir konu
olarak yer almaktadir. Ulkemizin en kalabalik ili olan Istanbul
diinya genelindeki metropoller iginde topraklarimin iki farkl
kitaya yayilmis olmasindan dolay1 farklilik gdstermektedir. Igme
suyu kaynaklarinin %65°1 Anadolu Yakasinda iken niifusun %65’

1 Sorumlu Yazar: ISKI Genel Miidiirliigii Su ingaat Dairesi Bagkanlig1, Eyiip, 34060, istanbul, oertem@iski.gov.tr
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yillarda su kullanimmin kisitlanmasini 6nlemek igin &nceden
planlama yapilmasi gerekmektedir. Bu ¢alisma ile kullanicilara su
teminin kesintisiz saglanmasi amaciyla 2040 proje hedef yilina
kadar olan niifus ve su tiiketimi artiglarina cevap verebilmek igin
onceden yapilmasi gereken tesisler belirlemek hedef edinilmistir.

Calisma kapsaminda; onceden yapilan niifus tahminleri
incelenmis, ilge bazli dinamikler géz Oniine almarak niifus
tahmini yapilmustir. istanbul’da ge¢miste giiniimiize su tiiketimi
egilimleri incelenmis, kayip ve kacak oranlart ile ilgili
belirlemeler yapilmis ve su tiiketimi artis trendi olusturulmustur.
Mevcut ve planlanan igme suyu kaynaklarinin verimlilikleri
incelenmis, hesaplanan tiiketim degerleri ile igme suyu
kaynaklarmin yeterliligi karsilastirllmistir. Hesaplanan tiiketim
degerlerine gére mevcut igme suyu aritma tesislerinin yeterliligi
ve planlanan aritma tesislerinin devreye alinma gereklilikleri
incelenmigtir.

Niifus artis1 ile ilgili olarak; birgok kurum kendi yatirimlar
icin tahminler yapmustir. Niifus tahminleri ile ilgili 1974 yilinda
Devlet Su Isleri icin hazirlanan DAMOC raporu incelenmistir.
Istanbul Su ve Kanalizasyon Idaresi Genel Miidiirliigii (1SKI)
tarafindan 1999 yilinda hazirlanan “Istanbul Su, Atiksu ve
Yagmursuyu Master Plani” ¢aligmasinin niifus ve su tiikketimi
tahminleri ile ilgili bilgiler verilmistir.

2005 yilinda Istanbul Biiyiiksehir Belediyesi Cevre Koruma
ve Gelistirme Daire Baskanligi Cevre Koruma ve Kontrol
Miidiirliigii Kat1 Atik Yonetimi Sube Miidiirliigii ve ISTAC A.S.
Genel Miidiirliigii tarafindan hazirlanan “Istanbul i¢in AB Cevre
Mevzuati ile Uyumlu Entegre Katit Atik Yonetimi Stratejik Plan1”
calismasindaki niifus tahminleri ile ilgili bilgiler verilmistir.

T.C. Cevre ve Orman Bakanhigi ve TUBITAK Marmara
Aragtirma Merkez tarafindan hazirlanan “Havza Koruma Eylem
Planlarimin Hazirlanmas1 Projesi Marmara Havzasi Nihai
Raporu” caligmasindaki niifus tahminleri ile ilgili bilgiler
verilmigtir.

Tiirkiye Istatistik Kurumu tarafindan hazirlanan niifus
projeksiyonu incelenmistir. Ayrica TUIK tarafindan her yil
yayinlanan Adrese Dayali Niifus Kayit Sistemi (ADNKS) verileri
yardimiyla ilge bazli analizler igin altlik olusturulmustur.

Istanbul i¢in su kullamim degerleri; ISKI Su Isale ve Dagitim
Dairesi Bagkanlig1 verilerinden alinmistir.

Mevcut igmesuyu kaynaklart verimlilikleri ve mevcut
icmesuyu aritma tesisleri kapasiteleri hakkinda ISKI tarafindan
hazirlanan 2015 Yillik Faaliyet Raporu”ndan bilgiler verilmistir.
Bazi igmesuyu kaynaklari ile detayl bilgiler “Istanbul Avrupa
Yakasi Su Havzalar1 Teknik Tespit Raporu”ndan alinmustir.

Planlanan i¢gmesuyu kaynaklar1 ile ilgili DSI tarafindan
hazirlanan &n inceleme raporlarindan ve iSK1 nihai raporlarindan
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bilgiler sunulmustur. Planlanan igmesuyu aritma tesisleri ile ilgili
ISKI Genel Miidiirliigii Plan Proje Dairesi Bagkanlig1 tarafindan
hazirlanan veriler kullanilmustir.

2. Niifus Tahminleri

Istanbul, yiizyillar boyunca goge agik bir yapida olmustur.
Cumhuriyet’in kurulmasindan sonra iilkenin hizla geligsiminin
iistiinde bir gelisim gostermistir.1960°11 yillarda sehir i¢i ulagimin
da gelismeye basglamasiyla niifus artisi daha fazla olmustur.
1990’11 yillarda en biiyiik niifus artigmi gdstermis olan Istanbul
halen niifus artisina acik konumdadir. 2014 yili itibariyle
14.377.018 niifus degeriyle yiiz Ol¢climiine gore diger
metropollere gore oldukga yiiksek bir niifusa sahiptir(Leeuwen ve
Sjerps (2015)).

Bu calismada Devlet Su fsleri Genel Miidiirliigii (DSI),
Istanbul Su ve Kanalizasyon Idaresi Genel Miidiirliigii (ISKI),
Tiirkiye Istatistik Kurumu (TUIK), Istanbul Biiyiiksehir
Belediyesi Sehir Planlama Miidiirliigii, Istanbul Biiyiiksehir
Belediyesi Cevre Koruma ve Atik Maddeleri Degerlendirme
Sanayi ve Ticaret A.S. (ISTAC), T.C. Cevre ve Orman Bakanlig1
ve TUBITAK Marmara Arastirma Merkezinin niifus tahminleri
gdz Oniline alinarak Lojistik Egri Metodu ile bulunan niifus
tahminleri karsilastirilmis ve Istanbul ilgelerinin niifus tahmin
calismasi yapilmstir.

3. Niifus Tahminleri

and there is at least one air quality monitoring station in all
provinces, although the number of stations is increasing rapidly.
The population of the metropolitan and dependent areas is
approximately 43 million (about 57% of the population of
Turkey). The remainder, 88% are in provincial and district centers
and only 12% live in towns and villages (TUIK, 2012).

3.1. DAMOC, DSI, Brown-Root, Brown

Root/Temel Niifus Tahminleri

Istanbul igin su ihtiyacinin belirlemek igin DAMOC
tarafindan hazirlanan 1971 Master Planinda niifus tahmini
yapilmigtir. DAMOC raporuna yapilan revizyonun bir boliimii
olarak, Binnie&Partners firmasi ises DAMOC niifus tahminlerine
revize bir calisma eklemistir. Istanbul Nazim Plan Biirosu
tarafindan da bir niifus tahmin caligmasi yapilmistir. Bu
calismalarmn diginda Brown Root/Temel'in Iigmesuyu Master Plam
icin bir niifus tahmin ¢aligmasi yapmustir.

DSI kendi yatinmlari igin yapilan tahminleri inceleyerek
kendi iginde revizyona gitmistir. Tablo 1.’de yapilan niifus
tahminleri karsilastirilmasi yer almaktadir. Eski tarihli yapilan bu
tahminler, bu c¢alisma i¢in ¢ok da g6z Oniine almip
degerlendirilebilecek nitelikte degildir.
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Tablo 1. DAMOC, DSI, Brown-Root, Brown Root/Temel Niifus Tahminleri

vil DAMOC Binnie Partners B&R / Temel DSI Niifus
1971) a977) (1988) Projeksiyonu

1980 3.686.000

1985 4.240.000 6.000.000

1990 4.793.000 7.000.000 6.830.000
1995 5.338.000 7.900.000 7.585.000
1997

2000 8.374.000
2010 12.600.000

2040 16.600.000

2.2. 1999 iSKi istanbul Su, Atiksu ve Yagmursuyu
Master Plam1 Niifus Tahminleri

1992 yilinda ISKI tarafindan hazirlanmaya baslanan istanbul
Su, Atiksu ve Yagmursuyu Master Plam1i 1999 yilinda
tamamlanmistir. Istanbul’un 1990’11 yillarin basindan itibaren
yasadigi su sikintist ISKI ydnetimini bir planlama yapmaya
itmistir. Master plan kapsaminda ilk olarak igmesuyu sorunlarin
¢6zmek hedef olmustur.

ISKi 1999 Master Plam kapsaminda tiim yatirimlar:
yonetmek i¢in niifus tahmin ¢alismasi yapilmistir. Niifus tahmin
icin Istanbul’un dinamikleri goz 6niine alinmistir. Istanbul icin;
diisiik, orta ve hizli biiyiime senaryolar1 olusturulmustur.

Diisiik biiylime senaryosunda master planinin hazirlandigi
zamanki  sosyo-ekonomik politikalarmin  devam edecegi
diistiniilmiistiir. Ayrica, gecekondu yerlesimlerinin engellenecegi,
Istanbul’da bu tip yerlesim i¢in gd¢ edenlerin engellenecegi,
Istanbul yénetim politikasinin bu yonde olacagi seklindedir.
Niifus artisini hizlandiran birgok sehir ici ve sehirlerarasi ulagim
projelerinin (3. Bogaz Kopriisii ve Bogaz Rayli Sistem Projesi)
hepsinin yapilmayacagi géz dniine alinmistir.

Orta biiyiime senaryosunda sosyo-ekonomik geligmisligin
artacagl diisiiniilmektedir. Go6¢ dalgasinin  ve gecekondu
yerlesmelerinin az da olsa gergeklesecegi, fakat niifus
biiylimesinin ger¢eklesenin altinda olacagi planlanmistir. Sehir ici

ve sehirlerarast ulagim projelerinin bazilarinin devreye girecegi
g0z Oniine alinmugtir.

Hizli biiyiime senaryosunda senaryosunda sosyo-ckonomik
geligsmisligin  gerceklesen durumdan daha da hizli artacag
diisiiniilmiistiir. Go¢ dalgasimin Istanbul’u kasip kavuracagi, go¢
edenler i¢in herhangi bir engelleme olmayacagi, yerlesim
alanlarinin kagak yollarla yapilasacagi, plansiz yapilagsmanin
Istanbul’'un her yerinde gerceklesecegi diisiiniilmiistiir. Bu
diizensiz yapilagma sonucu artan niifus sonucunda sehir igi
kesmekesi ¢ozebilmek icin planlanan biitiin ulagim projelerinin de
devreye girecegi varsayilmigtir.

Tim senaryolara gore niifus tahminleri igin “Matematik
Ektrapolasyon Metodu ve Oran Metodu” kullamlnustir. Tlge bazl
calisma yapilarak Master Planin hazirlandig1 yil olan 1999’daki
19 ilge igin farkl1 bilyiime planlanmustir.

Diisiik, orta ve yiiksek bilyiime senaryosuna gére 1999 ISKi
Master Planinda her 5 yil i¢in 2040 yilina kadar tahmin
yapilmigtir. Tablo 2.’de bu senaryolara goére yapilan niifus
tahminleri bulunmaktadir. Sekil 1.’de 1999 yilinda yapilan bu
tahminler ile mevcut ADNKS verileri siiperpoze edilmis olup,
niifusun orta biiylime senaryosunu gectigi ve orta ve hizli bitylime
senaryosu arasinda, orta bilylime senaryosuna yakin seyrettigi
goriilmektedir.

Tablo 2. 1999 ISKI Master Planina gére niifus senaryolart

Yil Diisiik Biiyiime Orta Biiyiime Hizh Biiyiime
2010 12.097.941 13.317.806 14.537.671
2015 12.901.563 14.201.724 15.501.885
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2020 13.543.773 14.908.090 16.272.406
2025 14.068.461 15.485.183 16.901.904
2030 14.519.535 15.981.299 17.443.062
2035 14.934.706 16.437.922 17.941.140
2040 15.344.444 16.888.571 18.432.699
20000000
@ Dusuk Biiylime Senaryosu
18000000 - ~—#-— Orta Bliylime Senaryosu e e
N . E‘JD..D
16000000 L ~—0O-— Hizli Bilyiime Senaryosu . oo ‘ELEL., . m— »
—=m— TUIK Verileri ve TUIK oo P g mnw® g
Niifus Projeksiyonu o = ’.€=fifl'- - o o
14000000 - L . e &
12000000
-.510 000000 +
=3
=
8000000
6000000 +
4000000 +
2000000 +
0 t t t t t t t t t
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040
il

Sekil 1. 1999 ISKI Master Planina gére niifus senaryolart ile ADNKS verilerinin karsilastiriimast

2.3. 1999 TUIK Niifus Projeksiyonu

TUIK tarafindan 2012 yili ADNKS ve 2008 Tiirkiye Niifus
ve Saglik Arastirmasi sonuglarina gore tiim Tirkiye igin

projeksiyon olusturulmustur. Projeksiyonda, kayit sistemlerinden
elde edilen dogum ve Oliim verileri ve ulusal-uluslararasi
ihtiyaglar goz oniine almmustir. Istanbul niifus projeksiyonu 2013-
2023 yillari igin yapilmis olup Tablo 3.’de goriilmektedir. Istanbul
icin 2023 yil1 niifus tahmini 16.568.500 kisidir.

Tablo 3. TUIK niifus projeksiyonu

Yil 2013 2015 2017 2019 2021 2023
[stanbul 14.107.954 14.612.976 15.113.384 15.606.922 16.092.222 16.568.500
www.ejosat.com ISSN:2148-2683 10
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2.4. 1.B.B. Planlama Sube Miidiirliigii Tarafindan
Hazirlanan Doygunluk Niifusu

ISKi tarafindan atiksu planlamasmi yapmak amaciyla, 24
atiksu havzasi icin [.B.B. Planlama Sube Miidiirliigiinden
doygunluk niifus talep edilmistir. iISKI, bu doygunluk niifusuna
gore atiksu aritma tesisleri ile derin deniz desarj1 yatirimlarini
devreye koymay1 planlamistir.

Planlama Sube Miidiirliigiince 24 atiksu havzasi siirlarina
gore her havza i¢in doygunluk niifiisu Tablo 4.’te verilmistir.

Doygunluk niifusu hesaplanirken; planda 6ngoriilen
yapilasma kosullari, yogunluk degerleri ve alansal biiyiikliikler
dikkate alinmustir. Konut Alanlari, Dogal Kirsal Karakteri
Korunacak Alanlar, Konut+Ticaret Alanlar1 hesaba dahil
edilmistir. Konut+Ticaret alanlarinin  %50'i niifusa dahil
edilmistir. Dogal Kirsal Karakteri Korunacak Alanlardaki niifus;
"Emsal Degeri" ile "Dogal Kirsal Karakteri Korunacak Alan
Biiyiikliigi"niin ¢arpilarak, bulunan ingaat alani degerinin
planlarda kisi basi belirlenen ingaat alanina boliinmesi ile
bulunmustur. Plansiz alanlarda onay siireci devam eden veya
taslak agamasinda olan planlar dikkate alinmustir.

Tablo 4. I B.B. Planlama Sube Miidiirliigii tarafindan hazirlanan

doygunluk niifusu
HAVZA iSMi DOYGUNLUK
AGVA ATIKSU 45.900
AMBARLI ATIKSU 2.956.967
ATAKOY ATIKSU 1.393.750
BALTALIMANI 1.274.754
BEYKOZ ATIKSU 1.700
BUYUKCEKMECE 724.888
CANTA ATIKSU 711.157
CATALCA ATIKSU 65.078
DARLIK ATIKSU 4.465
KADIKOY ATIKSU 2.143.298
KILYOS KARADENiZ 113.624
KUCUKCEKMECE 1.145.508
KUCUKSU ATIKSU 817.910
OMERLI ATIKSU 39.106
PASABAHCE ATIKSU 131.492
PASAKOY ATIKSU 718.592
RESADIYE ATIKSU 33.585
RIVA ATIKSU 590.933
SELIMPASA ATIKSU 709.475
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SILIVRI ATIKSU 278.121
SILE ATIKSU 143.641
TUZLA ATIKSU 3.176.658
USKUDAR ATIKSU 191.094
YENIKAPI ATIKSU 2.873.570
TOPLAM 20.285.266

2.5. Mevcut Nazim imar Planlarinda Yogunluklara Gore
Niifus

Istanbul genelinde 1.B.B. tarafindan hazirlanan 1/5000’lik
Nazim Imar Planlar1 incelenmistir. 24 Atiksu havzasi i¢in imar
planlarinda verilen yogunluklar ile plan alaninin c¢arpilmasiyla
elde edilmistir. Tablo 5.’te 24 atiksu havzasi i¢in imar plan
yogunluklarina gore hesaplanan toplam niifus verilmistir.

Tablo 5. 1/5000’lik nazim imar planlarmna gére hesaplanan

niifus
HAVZA isMi NUFUS
YENIKAPI ATIKSU HAVZASI 3.002.494
USKUDAR ATIKSU HAVZASI 127.224
TUZLA ATIKSU HAVZASI 2.329.008
SILIVRI ATIKSU HAVZASI 365.874
SILE ATIKSU HAVZASI 184.774
SELIMPASA ATIKSU HAVZASI 894.508
RIVA ATIKSU HAVZASI 155.431
RESADIYE ATIKSU HAVZASI 45.644
PASAKOY ATIKSU HAVZASI 1.217.623
PASABAHCE ATIKSU HAVZASI 1.091.482
OMERLI ATIKSU HAVZASI 35.406
KUCUKSU ATIKSU HAVZASI 927.746
KUCUKCEKMECE ATIKSU 1,629 859
HAVZAST
KiLYOS ATIKSU HAVZASI 107.334
KADIKOY ATIKSU HAVZASI 3.891.658
DARLIK ATIKSU HAVZASI 5.220
CATALCA ATIKSU HAVZASI 66.824
CANTA ATIKSU HAVZASI 323.750
BUYUKCEKMECE ATIKSU 704325
HAV7ZAST
BALTALIMANI ATIKSU 2 405.054
HAVZAST
11
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ATAKOY ATIKSU HAVZASI 3.309,813
AMBARLI ATIKSU HAVZASI 2,651.960
AGVA ATIKSU HAVZASI 39.972

ADALAR ATIKSU HAVZASI 54.937
TOPLAM 25.567.919

2.6. Entegre Kati Atik Yonetimi Stratejik Plam
Niifus Tahmini

2005 yilinda Istanbul Biiyiiksehir Belediyesi Cevre Koruma
ve Gelistirme Daire Baskanligt Cevre Koruma ve Kontrol
Miidiirliigii Kat1 Atik Yonetimi Sube Miidiirliigii ve ISTAC A.S.
Genel Miidiirliigii tarafindan Istanbul icin AB Cevre Mevzuati ile
Uyumlu Entegre Kat1 Atik Yonetimi Stratejik Plani hazirlanmis
ve kisi bas1 atik miktarindan niifus tahminleri yapilmistir. Niifus
tahminleri i¢in; azalan hizli geometrik artis yOntemi
kullanilmistir. Tablo 6.’da yapilan niifus tahminleri goriilmekte
olup, ADNKS degerlerine gore asagida kaldigi goriillmektedir.

Tablo 6. Entegre Kati Atik Yonetimi Stratejik Plant niifus tahmini

ISTANBUL KATI ATIK YONETIM

YIL NUFUS

2000 10.018.735
2005 11,210,119
2010 12.209.348
2015 13.015.267
2025 14.183.868
2030 14,634,841

2.7. Havza Koruma Eylem Planlarinn

Hazirlanmas1 Projesi Marmara Havzas1 Nihai
Raporu Niifus Tahminleri

T.C. Cevre ve Orman Bakanhigi ve TUBITAK Marmara
Aragtirma Merkezinin hazirladigit Havza Koruma Eylem
Planlarinin Hazirlanmast Projesi Marmara Havzasi Nihai
Raporuna gore de niifus tahminleri yapilmistir. Nihai Rapor
kapsaminda, kentsel-kirsal, yazlik-kislik ve esdeger bazli niifus
tahmin senaryolar1 belirlenmistir. Niifus projeksiyonlar1 2040
yilina kadar yapilmistir. Tahminler ilge bazli olup, esdeger niifus
iizerinden hesaplamalar yapilmistir. Kis donemi 7 ay, yaz donemi
ise 5 ay olarak almmmistir. Hesaplamalarda yontem olarak Sekil
2.’de gosterilen “azalan hizli geometrik artis yontemi”
kullanilmistir. Denklem 2.1°e gore “S Egrisi”olugsmaktadir.
TUBITAK Marmara Arastirma Merkezinin hazirlamis oldugu
niifus tahmini Tablo 7.’de verilmis olup, niifus tahminleri
ADNKS verilerine yakin seyretmektedir.

Nt = NO *
@2.1)

(1+p)’

No : Son niifus sayim degeri (kisi)

N: : Gelecekteki niifus (kisi)

www.ejosat.com ISSN:2148-2683

p : Niifus artis azalma hiz1 (%)

t : Son niifus sayimindan itibaren gegen siire (y1l)

S Egrisi

m—

Ntifus

Yil

Sekil 2. Azalan hizli geometrik artis yontemi

Tablo 7. Havza Koruma Eylem Planlarinin Hazirlanmast Projesi
Marmara Havzasi Nihai Raporu niifus tahmini

TUBITAK MARMARA
ARASTIRMA MERKEZi NUFUS
TAHMINI

YIL NUFUS
2010 14.046.727
2015 14.752.228
2020 15.307.576
2025 15.719.104
2030 16.026.454
2035 16.224.408
2040 16.293.621

2.8. Lojistik Egri Metodu ile Niifus Tahmini

Lojistik egri metoduna gore belli zaman diferansinda mevcut
niifus degerlerini kullanarak tahmin yapilmaktadir. Lojistik egri
metoduna gore egrinin denklemi;

Lt
1+m xebAt

Ym =
2.2)

seklinde olup, bu metodun

uygulanabilmesi i¢in;

ic niifus yilma gore

Hh—-—ti=ti—t
(2.3)
kosuluna uymalidir.

12
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(2.2) denkleminde L doygunluk degeri;

L = 2Y0 ¥1 Y2— Y12 (¥o+¥2)
- 2
Yo—Y2—V1
(2.4)
olarak hesaplanir. Lojistik egri denkleminde b, m ve At sene
farki;

m= L
Yo
(2.5)
_(x Yo L=y)

b= (At) X In [y1 (L-¥0)
(2.6)

At= tson - tilk
(2.7)

formiilleri ile bulunmaktadir (Tirkdogan, Yetilmezsoy
(2008)).

to icin 2000, t; 2007 ve t; igin 2014 yillar se¢ildiginde; (2.4)
no’lu denklemde niifus degerleri ile birlikte elde edilen L degeri
(2.5) ve (2.6) no’lu denklemde yerine konmustur. (2.5) ve (2.6)
no’lu denklemden elde edilen m ve b katsayilar1 yardimiyla (2.2)
no’lu denklemde At = 2040 — 2000 = 40 degeri yazilmasiyla 7
yillik diferans alindiginda 2040 yili i¢in niifus 16.502.062 iken,
10 yillik diferans alindiginda 23.895.892 kisidir.

2.9. Calisma Niifus Metodolojisi

Istanbul ilinin 39 ilgesi bulunmakta olup, her ilgesinin
biliylime trendleri birbirinden farklidir. Bu biiylime oranlarinin
birbirinden farkli olmasinin nedeni bazi bolgelerin gelismekte
olan bolgeler olmasi, bazi bolgelerin gelismeye agik olmasi ve
bazi bolgelerin de doygunluga ulasmis olmasindan kaynaklanir.
Bu c¢alismada incelenilen diger niifus tahminleri daha g¢ok
Istanbul’un genel niifus artigi esas almaktadir. istanbul su
kullanimindaki arz ve talep yonetimi i¢in bu ¢alismada il¢e bazli
dinamikler gdz Oniine alinarak niifus tahmini yapilmistir. 39 ilge
icin yapilan tahminlerine gére Istanbul’un proje hedef yili 2040
yilina kadar olan niifus tahminleri toplami Tablo 8.’de verilmistir.

www.ejosat.com ISSN:2148-2683

2.10. Kurumlar Tarafindan Yapilan Niifus
Tahminleri ile Calsma Niifus Metodolojisi
Karsilastirilmasi

1999 yili ISKI Master Plani, Istanbul Kati Atik Yénetim Plam
(istanbul-KAY lejant1 ile gosterilmistir.), TUBITAK Marmara
Arastirma Merkezi Marmara Havzasi Nihai Raporu (Tiibitak-
MAM lejant1 ile gosterilmistir.) ve ilce bazli dinamikler goz
Oniine alinarak hazliranan niifus tahminleri (PLANLAMA 2015
lejant1 ile gosterilmistir.), ile Adrese Dayali Niifus Kayit Sistemi
verileri ~ (Niifus  Sayimlar1  lejantt ile  gdsterilmistir.)
karsilagtirildiginda, bu ¢alisma i¢in hazirlanan niifus tahmininin
TUIK 2023 yil1 niifus tahmininin (TUIK lejant: ile gosterilmistir.)
altinda kaldig1, ISKi Master Planimin orta ve yiiksek biiyiime
senaryolarinin arasinda ve yiiksek bilyiime senaryosuna yakin
oldugu belirlenmistir. Katt Atik Yénetim Plam1 ve TUBITAK
Marmara Arastirma Merkezinin niifus tahminlerinin ise TUIK
2023 yil1 tahminlerine gore diisiik kaldig1 goriilmiistiir (Sekil 3).

13
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Tablo 8. Tiirkiye Istatistik Kurumu verileri kullamlarak ilge bazli dinamiklerin goz oniine alinmasi suretiyle yapilan niifus tahmini

Ortalama
Secilen Secilen Secilen Secilen Secilen
Artis Ortalama Ortalama Ortalama Ortalama Ortalama 2015 2020 2025 2030 2035 2040
. 2015-2020 2020-2025 2025-2030 2030-2035 2035-2040
ISTANBUL (2009-2014)
Adalar 3.21% -0.20% -0.15% -0.10% -0.05% -0.01% 16.020 15.860 15.742 15.663 15.624 15.616
Arnavutkoy 4.67% 4.00% 3.00% 2.00% 1.50% 1.00% 234.697 285.545 331.024 365.478 393.723 413.807
Atasehir 2.18% 1.30% 1.00% 0.70% 0.50% 0.10% 414.303 441.942 464.485 480.971 493.117 495.587
Avcilar 3.47% 2.10% 1.40% 1.00% 0.50% 0.10% 426.627 473.344 507.419 533.302 546.769 549.508
Bagcilar 0.53% 0.30% 0.20% 0.10% 0.05% 0.04% 756.887 768.308 776.022 779.910 781.862 783.427
Bahcelievler 0.38% 0.30% 0.20% 0.10% 0.05% 0.03% 600.824 609.891 616.014 619.100 620.650 621.581
Bakirkoy 0.28% 0.25% 0.20% 0.10% 0.05% 0.03% 222.148 224.939 227.197 228.335 228.907 229.250
Basaksehir 8.45% 4.00% 2.50% 1.80% 1.00% 0.50% 356.119 433.273 490.209 535.945 563.283 574.576
Bayrampasa 0.03% 0.03% 0.03% 0.02% 0.02% 0.01% 269.890 270.295 270.701 270.972 271.243 271.378
Besiktas 0.59% 0.20% 0.10% 0.05% 0.03% 0.01% 189.171 191.070 192.027 192.508 192.797 192.893
Beykoz 0.20% 2.00% 1.50% 1.00% 0.60% 0.20% 253.032 279.368 300.959 316.311 325.915 329.187
Beylikdiizii 6.39% 5.00% 3.00% 2.00% 1.00% 0.50% 275.597 351.739 407.762 440.933 463.425 475.127
Beyoglu -0.67% 0.00% -0.10% -0.10% -0.10% -0.10% 241.520 241.520 240.315 239.116 237.922 236.735
Biiyiikcekmece 5.25% 3.70% 3.00% 2.30% 1.50% 1.00% 231.587 277.720 321.954 360.722 388.600 408.422
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Ortalama
Secilen Secilen Secilen Secilen Secilen
Artis Ortalama Ortalama Ortalama Ortalama Ortalama 2015 2020 2025 2030 2035 2040
. 2015-2020 2020-2025 2025-2030 2030-2035 2035-2040
ISTANBUL (2009-2014)
Catalca 2.29% 3.70% 3.40% 3.00% 2.70% 2.50% 70.353 84.368 99.720 115.602 132.074 149.430
Cekmekdy 6.99% 3.00% 1.50% 1.00% 0.50% 0.10% 227.276 263.475 283.837 298.316 305.849 307.381
Esenler -0.12% 0.00% -0.10% -0.10% -0.10% -0.10% 458.857 458.857 456.567 454.289 452.022 449.767
Esenyurt 11.36% 4.00% 2.50% 1.50% 0.80% 0.30% 714.447 869.234 083.458 | 1059.464 | 1102.526 | 1119.163
Eyiip 2.11% 0.90% 0.70% 0.50% 0.30% 0.10% 371.134 388.139 401.915 409.604 415.785 417.868
Fatih -0.69% -0.69% -0.70% -0.75% -0.80% -0.85% 416.373 402.205 388.324 373.978 359.257 344.246
Gaziosmanpasa 1.24% 0.80% 0.60% 0.40% 0.20% 0.10% 502.105 522.513 538.378 549.232 554.746 557.525
Giingoren -0.51% -0.50% -0.50% -0.40% -0.40% -0.30% 301.854 294.383 287.097 281.400 275.817 272.522
Kadikoy -2.43% -2.00% -1.80% -1.60% -1.50% -1.40% 472.920 427.482 390.369 360.123 333.912 311.183
Kagithane 0.93% 1.00% 0.80% 0.50% 0.30% 0.10% 436.552 458.821 477.470 489.526 496.913 499.403
Kartal 1.04% 1.00% 0.90% 0.70% 0.50% 0.10% 455.003 478.213 500.123 517.874 530.951 533.611
Kiiciikcekmece 1.83% 1.20% 1.00% 0.70% 0.30% 0.10% 757.379 803.925 844.934 874.923 888.126 892.576
Maltepe 2.13% 2.00% 1.70% 1.30% 0.90% 0.40% 486.342 536.961 584.181 623.153 651.704 664.843
Pendik 3.19% 2.00% 1.60% 1.20% 0.80% 0.50% 676.840 747.286 809.013 858.733 893.636 916.202
Sancaktepe 6.51% 3.00% 2.60% 2.20% 1.80% 1.30% 339.682 393.784 447.708 499.171 545.743 582.151
Sariyer 4.90% 1.90% 1.50% 1.10% 0.80% 0.50% 344.097 378.052 407.270 430.168 447.652 458.956
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Ortalama
Secilen Secilen Secilen Secilen Secilen
Artis Ortalama Ortalama Ortalama Ortalama Ortalama 2015 2020 2025 2030 2035 2040

. 2015-2020 2020-2025 2025-2030 2030-2035 2035-2040
ISTANBUL (2009-2014)
Silivri 3.81% 6.00% 5.00% 4.00% 3.00% 2.00% 170.835 228.616 291.778 354.992 411.534 454.366
Sultanbeyli 2.00% 2.00% 1.70% 1.40% 1.00% 0.30% 321.322 354.766 385.964 413.749 434.854 441416
Sultangazi 2.31% 2.00% 1.70% 1.40% 1.00% 0.30% 523.282 577.746 628.553 673.801 708.171 718.858
Sile 3.95% 3.00% 2.70% 2.40% 2.10% 2.00% 33.808 38.812 44.342 49.925 55.392 61.157
Sisli -3.56% 0.10% 0.09% 0.07% 0.05% 0.04% 272.652 274.018 275.254 276.218 276.910 277.464
Tuzla 4.53% 2.00% 1.70% 1.40% 1.00% 0.50% 226.052 249.580 271.528 291.075 305.922 313.647
Umraniye 2.81% 1.80% 1.40% 0.90% 0.50% 0.10% 686.265 750.293 804.305 841.156 862.396 866.717
Uskiidar 0.38% 0.30% 0.20% 0.15% 0.10% 0.05% 536.575 544.672 550.141 554.279 557.056 558.450
Zeytinburnu -0.45% -0.10% -0.15% -0.15% -0.15% -0.15% 286.936 285.504 283.369 281.250 279.147 277.060
Toplam 14.577.363 [15.676.519 (16.597.426 (17.311.268 |17.801.932 |18.043.058
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Sekil 3. Niifus tahminlerinin karsilastiriimasi

3. Su Tiiketimi Egilimleri

Gegmisten giiniimiize Istanbul Su ve Kanalizasyon Idaresi
Genel Midiirliigiiniin su tiiketim kayitlar1 incelenmistir. ISKI
Genel Midiirligi tarafindan yaymlanan “Faaliyet Raporlari”na
gore yillara ait su tiiketimi degerleri Sekil 4.’de verilmistir(ISK1
(2014)). TUIK niifus verileri yardimiyla y1llik tiiketimden giinliik
kisi bas1 su tiiketim degerleri elde edilmistir. Giinliik kisi bas1 su
tiketim degerlerinin yillik bazda degisimi incelendiginde; 2007
ve 2014 yillar1 arasinda Istanbul’da yasanan kuraklik disinda
devamlt bir artis bulundugu goriilmiistiir (Tablo 9). 3.Bogaz
Kopriisti, Hizli Tren Projeleri, Korfez Gegis Kopriisii vb. projeler
de devreye girdigi i¢in niifus artisinin yaninda, yasam kalitesinin

de artmasiyla kisi bagi su tiiketimleri de artig gosterecektir. 1999
ISKI Master Planinda; master planin hazirlandig1 y1l bulunan 19
ilge igin farkl farkl: su tiiketim egilimleri se¢ilmis ve su tiikketim
ihtiyaci da buna gore hesaplanmuistir.

3.1. Calisma Su Tiiketimi Metodolojisi

Kisi basi su tiiketimi hesaplari igin tikketim degeri 250 It/kisi
giin alinmaktadir(Varis, Biswas, Tortajada, Lundqvist (2006)).
Kisi bagi su tiiketimleri igin hesap degeri olan 250 It/kisi/giin
degeri baz alinarak 2015 yilindan 2040 yilina mevcut kisi bast su
tilketim degerinden maksimum degere interpolasyon yapilarak
ulasilmigtir (Tablo 10). Ayrica kayip kagagin da 2014 yili degeri
olan %24’ten %10’a diisiiriilecegi planlanmigtir.

Tablo 9. Yillik kisi bast su tiiketimleri artis oranlart (ISKI Genel Miidiirliigii)

Yillik Kisi Bas1 Su Tiiketimleri Artis Oranlari

2007-2008 | 2008-2009 | 2009-2010 | 2010-2011

2011-2012

2012-2013 | 2013-2014 | ORTALAMA

-0.6% -0.6% 4.5% 3.1%

4.2% 1.7% 0.0% 2.1%

Tablo 10. Kisi basi su tiiketimleri ve kayp ka¢ak oraninin azaltilmasi hedefleri dogrultusunda planlama

Yillar 2014

2015 | 2020 | 2025 | 2030 | 2035 | 2040

www.ejosat.com ISSN:2148-2683
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Net Kisi Bas1 Tiiketim (It/glin/kisi) 134 138 158 178 194 210 225
Kayip-Kagak (1t/giin/kisi) 42 41 37 31 29 26 25

Briit Kisi Bag1 Tiiketim (It/giin/Kisi) 176 179 195 209 223 236 250

Kayip-Kagak Orani 24% | 23% | 19% | 15% | 13% | 11% | 10%

( )
ISTANBUL'A VERILEN SU MIKTARLARI (2005-2014)
m**1000/YIL
1.000.000 ( )
009.454 924.449
i 872.936 —
900.000 © o 823.749  ——
778.027 —
800.000 697.507 73251 714.314 718.347 723.655 ]
700.000 { ] | ]
600.000 -
500.000 -
400.000 -
300.000 -
200.000 -
100.000 A
0 T T T
L 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Sekil 4. Yillara gore Istanbul iline verilen su miktarlar:
4. Yillik Tiiketim Tahminleri
Tablo 8.’de gosterilen niifus tahminleri ile Tablo 10.’da
belirlenen giinliik kisi bast su tiiketim degerleri géz Oniine
almarak yillik su tiiketim degerlerine ulasilmistir (Sekil 5).
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Sekil 5. Yillik su tiiketimleri tahmini
5. Mevcut ve Planlanan i¢mesuyu Kaynaklar 5.1. Mevcut icmesuyu Kaynaklari
Boliim 4.’de belirlenen su tiiketimine gore mevcut ve Istanbul ili i¢in mevcut su kaynaklari incelendiginde; su

planlanan kaynaklarin yeterliligi irdelenmistir. Mevcut igmesuyu  kaynaklarmin emniyetli verimleri toplamiin 2.118.000 m3/y1l
kaynaklarinin emniyetli verimleri ile planlanan igmesuyu  oldugu goriilmistiir (Tablo 11.).
kaynaklarinin proje verimleri incelenmistir.

Tablo 11. Mevcut I¢gmesuyu Kaynaklart (ISKI, 2015 Yili Faaliyet Raporu)

Verim
Kaynagin Adx Hizmete Giris Yili
(milyon m?*/y1l)
Elmali I ve II Barajlar1 1893-1950 15

Alibeykdy Baraji 1972 36

Darlik Baraji 1989 97

Yesilvadi Regiilatorii 1992 10
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Sazlidere Baraji

Yesilcay Regiilatorii

1998 55

2003 145

Melen II.Asama 2014 450
Sakarya Terfi Merkezi 2014 315
GENEL TOPLAM 2,118.00

5.2. Planlanan i¢mesuyu Kaynaklar

Istanbul ili i¢in planlanan su kaynaklarmin emniyetli
verimleri toplamimin 1.096.000 m?®/yi1l oldugu hesaplanmigtir
(Tablo 12.). Bu planlanan su kaynaklarindan Melen III. Asama
Isale Hatti Ingaatina 2015 yilinda baslanmistir. Ayrica bu su
kaynaklar1 disinda Hamzali, Karamandere ve Piring¢i Barajlari da

Devlet Su Isleri Genel Miidiirliigii tarafindan On Inceleme Raporu
hazirlanmis olup, planlanan su kaynaklari arasinda yer
almaktadir. Ancak deniz suyu aritma da bagka bir alternatif su
kaynagi olarak diisiiniilmektedir. Deniz suyu aritmanin genel
maliyeti yaklagik 1 $/m? oldugundan normalde tercih edilmemesi
gerekirken ihtiya¢ duyulmasi halinde basvurulacak bir yontem
olacaktir.

Tablo 12. Planlanan Igmesuyu Kaynaklar:

Sungurlu Baraji 2020

Kabakoz Baraj1 2020

GENEL TOPLAM

Verim
Kaynagin Ad1 Hizmete Girecegi Y1l
(milyon m?/y1l)
Melen III.Asama 2017 450

115

25

1,096

5.3. Planlanan Toplam Su Tiiketimleri ile Mevcut
ve Planlanan I¢mesuyu Kaynaklar1 Verimlerinin
Karsilastirilmasi

Bolim 4.’de toplam su tiiketimlerinin gosterildigi Sekil

5.’teki veriler ile mevcut ve planlanan igmesuyu kaynaklari
verimlerinin gosterildigi Tablo 11. ve Tablo 12.’nin siiperpoze

www.ejosat.com ISSN:2148-2683

edilmis hali Sekil 6.’da goriilmektedir. 2040 yili toplam su
tilketimi degeri olan 1.646.429 milyon m?*’likk talebe arz edilen
mevcut ve planlanan igmesuyu kaynaklarinin 2.782.000 milyon
m*® verimi karsilamaktadir. (Mevcut su kaynaklari hesabi
yapilirken Melen Baraji devreye girdikten sonra Sakarya Terfi
Merkezi devre dis1 kalacagindan Sakarya Terfi Merkezi verimi
mevcut su kaynaklarindan ¢ikarilmistir.)
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Sekil 6. Mevcut ve Planlanan Su Kaynaklar: Verimleri ile Tiiketim Hesaplar: Karsilagtirilmasi

6. Mevcut ve Planlanan I¢mesuyu Aritma
Tesisleri

Istanbul 1li igin mevcut igmesuyu aritma tesisleri
incelendiginde ISKI Genel Miidiirliigii “2015 Yili Faaliyet
Raporu™na gore Kkapasitesi 4.395.600 m3/giin  oldugu
goriilmektedir.(Tablo 13.).

Istanbul 1li igin kullanicilara aritilnus suyun iletilmesi ve
bunun kesintisiz saglanmasi igin gelecekte ihtiyag duyulacak
tesislerin dnceden planlanmasi gerekmektedir. Bu dogrultua ISKi
tarafindan planlanan igmesuyu aritma tesisleri ve kapasiteleri
Tablo 14.’te gosterilmistir.

Mevcut igmesuyu aritma tesisleri ile planlanan igmesuyu
aritma tesislerinin yeterliligi g6z Oniine alinarak mevcut ve
planlanan aritma tesislerinin besleyecegi il¢eler secilmis (Tablo
15.) ve belirlenen niifus tahmini ve su tiiketimlerine gore
hesaplanan toplam tiiketim degerleri i¢in mevcut aritma
tesislerinin yeterliligi ve planlanan aritma tesislerinin devreye
girme zamanlart belirlenmistir. 2014 yili mevcut su dagitim
incelendiginde; Omerli igmesuyu Aritma Tesisi Asya yakasinin
biiyiik bir kismi ile Avrupa yakasinin bir kismina hitap etmektedir.
Avrupa Yakasinda ise; Ikitelli igmesuyu Aritma Tesisi dogu ve
giiney bolgelerinde yiiksek niifus yogunluguna sahip bolgeler igin
hizmet vermektedir (Sekil 7).

Tablo 13. Mevcut I¢cmesuyu Aritma Tesisleri (ISKI, 2015 Yili Faaliyet Raporu)

Mevcut igmesuyu Aritma Tesisleri

Omerli

Muradiye

Emirli

Kapasite
Tesisin Ad1 Hizmete Giris Yih Aciklama
(milyon m?*/giin)
Orhaniye 1972 Mevcut 300,000

1995

2001

Yeni Tesis 320,000

Yeni Tesis 500,000

www.ejosat.com ISSN:2148-2683
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Yildirim Bayezid Yenileme

Biiyiikcekmece Biiyiikcekmece 1989 Mevcut

280,000

400,000

Fatih Sultan Mehmet 1998 Yeni Tesis 420,000
Ikitelli
Tasoluk Tagoluk 2006 Yeni Tesis 50,000

Paket Aritmalar (6 Adet) 67,600
GENEL TOPLAM 4,395,600
Tablo 14. Planlanan Igmesuyu Aritma Tesisleri
Planlanan icmesuyu Aritma Tesisleri
L. Devreye Alinmasi Kapasite
Tesisin Ad1 Aciklama
Planlanan Sene
(milyon m?*/giin)
Omerli Emirli 2.Asama [hale (Yapim) Asamasinda 2018 500,000
Ikitelli Ikitelli 3.Asama Projelendirme Asamasinda 400,000
2019
huriyet
Cumhuriyet Cumhuriye Projelendirme Asamasinda 720,000
2.Asama
www.ejosat.com ISSN:2148-2683 22
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2020
Sile Sile Projelendirme Thalesi Hazirlik Asamasinda 20,000
2020
GENEL TOPLAM 1,620,000
2020 yili planlanan su dagitimi incelendiginde; Cumhuriyet — Biiyilkgekmece I¢gmesuyu Aritma  Tesisindeki  kapasite

Igmesuyu Aritma Tesisi, ikitelli Igmesuyu Aritma Tesisinin
mevcut durumda  besledigi ¢ogu ilgeyi  besleyecegi
planlandigindan, yeterli olmayan kapasitesi ikitelli igmesuyu
Aritma Tesisinden karsilanacaktir (Sekil 8).

2030 y1l1 planlanan su dagitimu incelendiginde; Cumhuriyet
Igcmesuyu Aritma Tesisi, Tagoluk Igmesuyu Aritma Tesisi ve

eksiklikleri planlanan tesislerin devreye girmesiyle kapatilacaktir.
(Sekil 9).

2040 yili planlanan su dagitimi incelendiginde; Tim
icmesuyu aritma tesislerindeki kapasite eksiklikleri planlanan tiim
igmesuyu aritma tesislerinin devreye girmesiyle kapatilacaktir.
(Sekil 10).

Tablo 15. Aritma Tesislerinin besleyecegi ilgeler

Aritma Tesisleri Besleyecegi flceler
Adalar + Atagehir + Beykoz (%25) + Cekmekdy
Omerli IAT + Kadikdy + Kartal + Maltepe + Pendik + Sancaktepe + Sultanbeyli + Sile + Tuzla +
merli - . .. . .
¢ Umraniye + Uskiidar + Bakirkoy (%80) + Zeytinburnu (%50) + Fatih (%25) + Beyoglu (%10)
+ Besiktas (%5)
Elmah iAT Beykoz (%75)
Kagithane IAT Sisli + Sariyer + Kagvlthane + Eytip (%80)
+ Besiktas (%95) + Beyoglu (%90) + Esenler (%50)
Cumhuriyet IAT Bagcilar + Ba.hgelie\-ller + Kiig:iik(;ek.mece + Giingoren + Bayrampasa + Gazi?smanpasa +
Sultangazi + Fatih (%75) + Zeytinburnu (%50) + Esenler (%50) + Bakirkdy (%20)

www.ejosat.com ISSN:2148-2683
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ikitelli IAT Basaksehir + Avcilar
Biiyiikcekmece IAT Biiylikgekmece + Catalca + Beylikdiizii + Esenyurt + Silivri
Tasoluk IAT Arnavutkdy + Eyiip (%20)

KAGITHANE
Niifus : 1.960.812 kisi

: ELMALI
- TASOLUK Niifus : 198.457 kisi
Niifus : 299.235 kigi. 7"~

BUYUKGEKMECE

Niifus : 1.401».(73 kisi

OMERLI
Niifus : 5.338.289 kisi

iKITELLLI
Niifus : 5.178.452 kisi

NUFUS : 14.377.018

Sekil 7. Mevcut Su Dagitimi 2014
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TASOLUKAT KAGITHANE AT ELMALIAT CUMHURIYET AT
Su Ihtiyact =40.858 m3/g Su ihtiyact 99.694 m3/g| Su ihtiyact =40.858m3/g | Su ihtiyac = 890.347 m3/g
A.T. Kapasitesi = 50.000 m3/g A.T. Kapasitesi = 750.000m3/g | A.T. Kapasitesi = 50.000m3/g | A.T.Kapasitesi= 720.000 m3/g

Fark =9.142 m3/g Fark =350.306 m3/g | Fark =9.142 m3/g Fark =-170.347 m3/g

OMERLIi AT
Su ihtiyact = 1.125.136 m3/g
A.T. Kapasitesi = 1.575.000 m3/g

Fark =449.864 m3/g

Cumbhuriyet Aritma Tesisindeki Fark ikitelli Aritma
Tesisi ile kapatilabilir.

B.CEKMECE AT IKITELLI AT
Su ihtiyact =353.276 m3/g | Su ihtiyact =176.790 m3/g
A.T. Kapasitesi = 420.000m3/g | A.T.Kapasitesi = 840.000 m3/g

Fark =19.724 m3/g Fark =663.210m3/g

Sekil 8. Mevcut ve Planlanan Aritma Tesisleri ile Tiiketim Hesaplar: Karsilastiriimast (2020)

TASOLUK AT KAGITHANE AT ELMALIAT CUMHURIYET AT
Su ihtiyaci =99.770 m3/g | Su ihtiyact 79.188 m3/g| Su ihtiyact =52.903m3/g | Su ihtiyact = 1.057.747 m3/g
A.T. Kapasitesi = 50.000 m3/g A.T. Kapasitesi = 750.000 m3/g | A.T. Kapasitesi =50.000m3/g | A.T.Kapasitesi = 720.000 m3/g

Fark =-49.770 m3/g Fark =270.812m3/g | Fark =-2.903m3/g | Fark =-337.747m3/g

OMERLIi AT
Suihtiyaa = 1.412.390 m3/g
A.T. Kapasitesi = 1.575.000 m3/g

Fark =162.610m3/g

Cumhuriyet Aritma Tesisindeki Fark Planlanan
Cumhuriyet Aritma Tesisi ve Planlanan Omerli
Aritma Tesisi ile kapatilabilir.

Tasoluk Aritma Tesisindeki Fark Mevcut ve

B.CEKMECE AT IKITELLI AT Planlanan Ikitelli Aritma Tesisi ile kapatilabilir.

Su ihtiyact =519.972m3/g | Su ihtiyact =238.442 m3/g
A.T. Kapasitesi = 420.000m3/g | A.T. Kapasitesi = 840.000 m3/g Biiyiikcekmece Aritma Tesisindeki Fark Mevcut ve
Planlanan Ikitelli Aritma Tesisi ile kapatilabilir.

Fark =-99.972 m3/g Fark =601.458 m3/g

Sekil 9. Mevcut ve Planlanan Aritma Tesisleri ile Tiiketim Hesaplar: Karsilastirilmast (2030)
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TASOLUK AT
Su ihtiyact =124.345 m3/g
A.T. Kapasitesi = 50.000 m3/g
Fark

Fark =-74.345m3/g

IKITELLi AT
Su ihtiyar = 281.021 m3/g
A.T. Kapasitesi = 840.000 m3/g

B.CEKMECE AT
Su ihtiyact =651.627 m3/g
A.T. Kapasitesi = 420.000 m3/g

Fark =-231.627m3/g | Fark =558.979 m3/g

KAGITHANE AT
Su ihtiyaci
A.T. Kapasitesi = 750.000 m3/g

CUMHURIYET AT
Su ihtiyaa = 1.196.329 m3/g
A.T. Kapasitesi = 720.000 m3/g

ELMALI AT
Su ihtiyac = 61.723 m3/g
A.T. Kapasitesi = 50.000 m3/g

= 547.828 m3/g

=202.172m3/g | Fark =-11.723 m3/g| Fark =-476.329 m3/g

OMERLI AT
Su ihtiyact = 1.647.892 m3/g
A.T. Kapasitesi = 1.575.000 m3/g

Fark =-72.892 m3/g

Cumhuriyet Aritma Tesisindeki Fark Planlanan Cumhuriyet
Aritma Tesisi ve Planlanan Omerli Aritma Tesisi ile kapatilabilir.

Tasoluk Aritma Tesisindeki Fark Mevcut ve Planlanan ikitelli
Aritma Tesisi ile kapatilabilir.

Biiyiikcekmece Aritma Tesisindeki Fark Mevcut ve Planlanan
ikitelli Aritma Tesisi ile kapatilabilir.

Elmah Aritma Tesisindeki Fark Mevcut ve Planlanan Omerli
Aritma Tesisi ile kapatilabilir.

Sekil 10. Mevcut ve Planlanan Aritma Tesisleri ile Tiiketim Hesaplar: Karsilastirilmast (2040)

7. Sonug¢

Istanbul’un niifus artisinin devam etmesi, kullanim dist
arazilerin gesitli amaglarla kullanima agilmast, su tiiketiminin giin
gectikce artmast su talebini karsilamayi zorlastirmaktadir. Su
talebini belirlemek icin ise ilk olarak yapilacak olan yatirimlar
i¢in dogru bir niifus tahmini yapabilmek hayati bir 6nem arz
etmektedir. Bu ¢aligmada 39 ilgenin dinamikleri g6z Oniine
almarak hizli biiyiime egilimi i¢inde olan, istikrarli biiyiiyen ve
doygunluga ulasan ilgeler belirlenmis ve bunlara bagli olarak
niifus tahminleri yapilmigti. Hedef yi1l olan 2040 yilinda su
tiketimi artiglarinin  maksimum hesap degerine ulasacagi
varsayilarak hesaplamalar yapilmistir. Ilge bazli dinamikler goz
oniine alinarak hesaplanan niifus ile maksimum su tiiketimi esas
almarak toplam su tiiketimi hesaplanmistir. Toplam su tiiketimi
planlamast ile mevcut ve planlanan igmesuyu kaynaklari
kargilastirildiginda, kaynaklarin yeterli oldugu belirlenmistir.
Mevcut ve planlanan aritma tesisleri kapasitelerinin planlanan su
talebine kars1 yeterliligi irdelenmistir. Alternatifli hizmet
verebilecek igmesuyu aritma tesisleri belirlenmistir. igmesuyu
aritma tesislerinin besleyecegi ilceler ile ilgili ulasim projeleri,
¢evre diizenleme isleri vb. calismalar da g6z Oniine alinarak
besleme bolgeleri olusturulmustur. Planlanan aritma tesislerinin
kesintisiz su iletimi i¢in devreye alinmasi gereken yillar tespit
edilmistir.  Yapilan niifus-su-tiiketimi-igmesuyu kaynaklari-
igmesuyu aritma tesisleri bazli ¢alisma ile aritma tesisinden ¢ikan
igmesuyunun su tiiketicilerine gelecek yillarda saglikli bir sekilde
ulastirilabilmesi amag edinilmistir.

8. Oneriler
www.ejosat.com ISSN:2148-2683

Toplam tiiketim degerine gore yani talebe karsilik verebilmek
icin kaynaklarin verimliligi 6nem tasir. Hesaplanan toplam
tiketim degerlerine goére, mevcut igmesuyu kaynaklarinin
yeterliligi ve planlanan igmesuyu kaynaklarinin devreye girme
gereklilikleri dogru tespit edilmelidir. Aksi takdirde giinlik
yagsamin en onemli tiiketim maddesi olan su ile ilgili kesinti gibi
farkli koruma tedbirlerine basvurulabilir. Kesintisiz su temininin
saglanmast yani talebin yoOnetilebilmesi i¢in igmesuyu
kaynaklarmin devreye alinmasi onem arz etmektedir. Ayrica
aritilmis suyun Istanbul su tiiketicilerine iletilmesi i¢in aritma

tesislerinin  kapasitelerinin  tiiketimdeki artistan da Once
arttiritlmasi gerekmektedir.
Tesekkiir

fgmesuyu  tiiketim  verilerinin  elde  edilmesindeki

desteklerinden dolay1 istanbul Su ve Kanalizasyon Idaresi Genel
Miidiirliigii’ne tesekkiir ederiz.
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Abstract

Separating large data into similar clusters is one of the basic problems of data mining. Storing large data in an organized way has
currently increased the importance of the methods developed for clustering. Even if the hierarchical clustering methods give effective
results, they are still inadequate due to their computational complexity. Non-hierarchical clustering methods cannot be used for all data
types because of the cost function which cannot run by categorical data. Recently, some non-hierarchical clustering methods have been
improved for categorical and hybrid data. In addition, the weights of attributes in clustering might be different due to the nature of the
data or the expected results. In this paper, we introduce an algorithm which has been improved for the clustering of large hybrid data in
an effective way that also includes the weights of attributes. This algorithm, mainly based on the K-Prototypes algorithm, will be called
“W-K-Prototypes”. The computational results show that the algorithm can be used efficiently for clustering.

Keywords: Data mining; clustering; clustering analysis; clustering methods; clustering hybrid data; K-Prototypes algorithm; weighted

attributes

1. Introduction

Extracting meaningful information from large data is
currently one of the most popular research fields. Large data can
be stored by means of continuously improving technology and can
be used to evaluate the past and predict the future, which is
regarded as Data Mining. One of the most important methods of
this process of data mining is clustering analysis. Clustering is a
process of separating objects in such a way that objects with
similar characteristics should be in the same group. Clustering
analysis is a process of dividing the data into groups whose labels
were not defined a priori. After this process, the obtained clusters
show high homogeneity for intra-cluster and high heterogeneity
for inter-cluster [7].

Clustering analysis was first used by Tyron in 1939 [9]. After
the 1980s, its usage became widespread. The book written by
Robert Sokal and Peter Sneath named “The Basics of Numeric
Classification Knowledge” has been an important milestone in the
field [8]. As a result of these studies, today we have different
clustering analysis methods.

However, as time goes on, data becomes larger and data types
vary. That is the reason why current clustering analysis methods
are inadequate. The hierarchical clustering method is the most
well-known clustering analysis method which is able to cluster
data which has both numerical and categorical characteristics, but
it loses its usefulness due to high computational complexity [1].
Non-hierarchical clustering methods based on K-Means have
reasonable calculation complexity. These methods need a cost

2 Correspondence: sayli@yildiz.edu.tr; Tel.: +90-533-475-0667

www.ejosat.com

function which requires a Euclidean measure and cluster average,
and they cannot run with categorical data [8]. At this point, in
recent studies, the researchers were encouraged to develop a new
non-hierarchical method based on K-Means which can be used
with the categorical data. A method named K-Modes was
proposed by Huang in order to cluster solely categorical data with
a non-hierarchical method [2]. This method changes the average
value at the step of defining the cluster center with the mode value
and uses 6 (overlap) instead of Euclidean distance measure. In the
algorithm named K-Prototypes, Huang offered an effective
solution for the clustering problem of hybrid data based on the
logic of the K-Means algorithm in 1997 [1,3]. We will also
analyze Huang’s study in this article.

The next section introduces the mathematical preliminaries
needed for this study. In the third section, the K-Prototypes
algorithm by Zhexue Huang will be given for the hybrid data. In
the fourth section, the version of W-K-Prototypes will be
described in order to be able to account for the weights of
attributes. In the fifth section, these two algorithms will be tested
on the data and computational results will be shown. In the last
section, we will explain the conclusions and future work.

2. Mathematical Preliminaries

The data consisting of n objects is represented by X =
{x;]0<i<n} where every xi={xij|0<jSm} is a
vector composed of m attributes and can be openly shown as x; =
[xi1, X2, ) Ximy] € X notation. In non-hierarchical clustering
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analysis, the problem is to separate this X into clusters according
to the number of k£ no-predetermined groups. It is required to have
an objective criterion. That criterion enables us to define the
quality of the clustering process. For that, the function used is
called the cost function [4]. This function is formulated as

E= zk:zn:yl',zd(xi. Q) O

=1 i=1

Here, n represents the number of elements for cluster X,
where x; € X and @, is the center of the cluster [. y; ; is an element
of the matrix partitioning. The elements of the partitioning matrix,
Y. are respectively 1 or 0 according to whether or not the [
element belongs to the n cluster, and d is the distance measure of
Squared Euclidean, unless otherwise stated. y;; is the value in the
interval 0 and 1 and ¥}, y;; = 1. If y;; € {0,1}, then Y, is
named as the hard partition; if y;; € [0,1], then Y, is named as
the fuzzy partition. In this document, we will deal with the hard
partitioning. Hence, an object can only belong to one cluster.

The cluster center, Q; = {q;1, s>, - ., Qum} 1 calculated by the
following:

n
1
qi; = n_lzlyilxij 2
i=

Here n; is the number of elements of the [ cluster. In non-
hierarchical clustering methods, we need to have the distance
metric to determine the distance between each cluster and the
cluster centers to represent the cluster objects. The measure of the
Squared Euclidean dimension is used only for the cluster vectors
including numerical characteristics. The average of the vectors in
the cluster is taken as the center as representative. The measure
proposed by Huang is the following function for the categorical
data.

my me
A, Q) = ) () = ah) +v1 ) 80x5,q5) )
=1 =1

Here, &(x,y) is a function that has a value of 1 if its
categorical variables are the same; if not, the value becomes 0.
x{; and q;; are numerical, and x{; and qj; are categorical. m,. is
the number of numerical attributes and m, is the number of
categorical attributes. y; is the weight of the categorical features.

This distance measure is used when the cost function can be
rewritten in the following way [1]:

n my
E = Z}’il Z(xirj - erj)z
i=1 j=1

n mce

+7, Z Vi Z 8(x5,q5) )
=1 j=1

— ET 4+ Ef

Here E| is the cost function of the numerical attributes and
EY is the cost function of the categorical attributes. Given this cost
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function, then in order to minimize Ef, the cost function and
categorical features of the center need to be chosen from the most
frequent values because in the case where the sigma function is
the same, it gives a value of 0 and decreases the contribution to
the sum. That is why Huang proposed the following method: the
average of the numerical variables and the frequency of the
categorical variables should be chosen.

The y; coefficient in the equation of (3) has been proposed
with the aim of defining the weight at the measure of the
dimension of the categorical data. For example, when the
numerical value ranges of the variables are very wide and if the
categorical variables are different, these add a value of 1 to the
distance. This value may remain meaningless and small. On the
contrary, the numerical values in the range [0.5, 0.6], with changes
across a small range, play a dominant role in determining the
value of 1 if the offset creates an undesirable situation. In order to
preclude this case, Huang proposed using the value of the standard
deviation o; (the average of the numerical properties of the
standard deviations in the set) for the purpose of determining the
value of y;. Therefore, in the case where the categorical variables
are different, there will hardly be any effect on the measure of the
dimension as in the case where the numerical values are different.
This proposal should not be expected to always give better results
but when all the data are taken into consideration, this can be
accepted as a good solution. Huang shared some results for the
different values of y;.

2.1. Standardization of data

There are various methods about standardization of the
variables. One of these methods is the most well-known referred
to as Z-Score standardization. With this method, the data average
turns to 0 and the standard deviation turns to 1. Thus, whether the
data attributes are above or below the average can be determined
just by looking at its value. New values of the attributes in the Z-
Score standardization are calculated with the following formula.

_ x —mean(X)
sd(X)

!

6))

Here mean(X) is the average of the data cluster X, and sd (X)
is the standard deviation of the data cluster X. Even if the Z-Score
method turns the data into unknowns, it still gives the best result
in distance calculation. After the clustering process, in order to
find out which data belongs to what cluster, the data should be
applied to a process with an ID value; not putting this ID value in
the distance calculation is also a method.

In hybrid data, it is enough to standardize the numerical part
of the data. It is obvious that the categorical data cannot be
standardized through the Z-Score method because of the different
distance measures used; if they are not standardized, there is no
problem.

2.2. K-Prototypes algorithm

K-Prototypes algorithm has the following similar steps as K-
Means.

[i(] Choose k as the initial center (Prototype) in order to
represent the clusters in the data set X.

[ii] Assign each object in the data set X to the cluster
including the nearest prototype.
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[iii] Re-compute the prototypes of the clusters after the
assignment of all objects, then assign each object in the
data set X to the cluster including the nearest prototype.

[iv] Re-iterate the step (iii) till no object is unplaced.

The distance measure used in this algorithm is given in the
equation (3). Recalculating the weight y; for every step and every
cluster is one disadvantage of this algorithm.

In fact, the distance measure used in the algorithm consists of
the sum of the results of two number distance measures which are
the Squared Euclidean Distance measures for the numerical
values and overlap for the categorical values. Alternative
measures may be considered in order to make the distance
measure used in K-Prototypes more modular.

3. W-K-Prototypes

Sometimes the attributes of the data might not have equal
importance. The significance level may differ by the scope of the
requested information extracted from the data. For example, when
the data held is about student information then if a classification
is going to be made based on the achievement status of students,
it is expected that the attributes such as weight, length, and school
number have less impact. Those attributes may even be removed
from the data. In the case of the classification being based on the
physical similarities of students, it is expected that marks have
much less impact on the clustering process. Besides that,
regardless of the clustering process, in the nature of some data,
weight distribution might be encountered. Such situations should
be taken into consideration for clustering [6].

The weight y;, distance measure used in Huang’s K-
Prototypes Algorithm, is the weight in the context of the influence
of all categorical data, but not a weight mentioned above. It is a
serious burden for the algorithm to recalculate y; again in every
step and for every cluster. Huang, in his study, uses only one y
value during the processing of the algorithm test instead of
calculating a value of y; for every step. In the algorithm named
W-K Prototypes, there is no need to have such a y density as the
distance measure amongst objects. Before the data is clustered
with a W-K Prototypes algorithm, we need to standardize the data
with the Z-Score method thereby removing both the need of this
coefficient and the problem of calculating the values of y. Due to
Z-Score normalization, since the value of the average standard
deviation will be 1, indeed it can be considered as if the y
coefficient is 1 for every step.

Mnum Mcat
d@y)= Y wiGd —yDP+ ) widGE ) ©)
i=1 i=1

-where w; is the weight of the i’th attribute, and for both
categorical and numerical types of all attributes Y,/~; w; = 1. The
distance function used for distances of the categorical data is
defined as follows:

5.y = {7 Tr=y

else (7

The Algorithm steps for the distance measure between the
two objects are the same for the K-Prototypes Algorithm.

(i) Choose k, the initial center (Prototype) in order to
represent the clusters in the data set X.
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(i) Assign each object in the data set X to the cluster
including the nearest prototype.

(iii) Re-compute the prototypes of the clusters after the
assignment of all objects, then assign each object in
the data set X to the cluster including the nearest
prototype.

(iv) Re-iterate the step (iii) till no object is unplaced.

4. Computational Results

We artificially generate the data for comparison of the W-K-
Prototypes Algorithm and K-Prototypes Algorithm in order to
replicate generation of the artificial data that Huang used in his
study [1]. The distributions of the generated data are shown in
Figure 1l.a. and Figure 2.a. After adding the categorical third
dimension data to the data set, the new distribution can be seen in
Figure 1.b. and Figure 2.b. Clustering results raised by clustering
for the different weight values are shown in Figure 3. Moreover,
the cluster number, the k value, object number and the effect of
the changes of these inputs are also shown in Table 1 and Figure
5.

The computer used for the tests of these algorithms had Intel
Core 7 processor, 32 GB memory, Windows 8.1 operating system
and 8 cores.

Inputs of our algorithm are the k number of clusters, X data
set and w=[w_1,w_2,...,w_m], and the weight vector is such that
each element corresponds to each attribute. Results for various k-
value and w-weight vectors of the two synthetic data sets created
are given in Figure 3 and Figure 4. As a first example, let us deal
with the results for the X-data set in Figure 3. The numerical
attributes of this data set are configured in the union of the sets
that have 4 normal distributions in two dimensions. Therefore, let
us acquire the results for k=4 and different weight values.

When the graphs below, which are used in the representation
of'the results, are examined, for weight vector w=[0.33,0.33,0.34]
(Figure 3.a.), the weights are set to equal value and the sets are
split into four with normal distribution. For the weight vector
w=[0.2,0.2,0.6] (Figure 3.c.), the first dimension outweighs the
others. As expected, the set is observed to have a clustering on the
horizontal axis. As for weight vector w=[0.8,0.1,0.1], the 1st
dimension is taken into focus and, expectedly, the output of the
clustering appears in a scattering throughout the horizontal axis.
For weight vector w=[0.1,0.8,0.1] (Figure 3.c.), the 2nd
dimension dominates the others, and similar to the previous result,
the set is observed to have a clustering on the vertical axis. While
setting the weight vector, deleting the 1st component has no
effect. In other words, the result of assigning 0 to the 1st
component w=[0.0,0.5,0.5], is shown in Figure 3.f. The
distribution, the result of setting w=[0.1,0.1,0.8], shows that one
trait outweighs the others, as shown in Figure 3.d.

Similar to the results given in Figure 2 and for various weight
vectors, as expected, the results of clustering are observed
depending upon a dominant attribute. In Figure 4.a. the results of
clustering for w=[0.33,0.33,0.34] are given and uniformly
clustered sets are observed. In Graph 4.e., the results of clustering
for w=[0.2,0.2,0.6] are as expected: categorical data prevails to
define the cluster of two objects that are closely related to each
other with respect to the first two attributes. As for Figure 4.b. and
Figure 4.c., as in the data of our first experiment, the 1st and 2nd
attributes behave in a dominant manner and it is observed that
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clusters are formed by objects grouped, first horizontally, and then

Figure 1. Sample with one

Figure 2. Sample with four
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Figure 3. Clustering results for different weight vectors.
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Figure 5. Comparisons between the Algorithms of K-Prototypes and W-K-Prototypes.

Table 1. Test results with different inputs for K-Prototypes and W-K-Prototypes.
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Iteration Count

Estimation Time (milliseconds)

Cluster Sample
Count Count k K-Prototypes W-K-Prototypes K-Prototypes W-K-Prototypes
300 4 8 12 212 64
600 4 12 7 1099 169
900 4 10 14 1905 632
1200 4 10 9 3321 713
1500 4 8 10 4254 1175
300 8 18 14 499 100
600 8 18 12 1742 293
900 8 17 14 3203 594
1200 8 9 10 3171 876
1500 8 23 20 12158 2866
300 8 13 13 342 84
600 8 19 22 1908 550
900 8 19 8 3854 443
1200 8 15 24 5418 2459
1500 8 34 20 19322 2646
300 4 15 11 359 68
600 4 10 9 821 209
900 4 40 23 7644 974
1200 4 22 15 7048 1187
1500 4 14 12 7319 1656
300 16 32 34 975 263
600 16 37 34 3921 915
900 16 27 56 5790 3059
1200 16 51 33 18534 2692
1500 16 36 42 20608 5915
1500 4 22 13 12108 1527
1500 8 38 21 20851 3154
1500 16 32 44 18817 6609
3000 16 63 26 138977 15029

Taking into account the results in 7able I and Figure 5, it can
be seen that the W-K-Prototypes Algorithm is obviously superior
to the K-Prototypes Algorithm in terms of the processing time. It
is observed that the W-K-Prototypes Algorithm runs five times
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faster with respect to the means of the rates of the processing
times. As detected in Figure S.e., it can be seen that the W-K-
Prototypes Algorithm gives more efficient results particularly in
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the sense of clustering the sets, with normal distribution, into
relatively fewer numbers of sets.

When the results of the clustering are analyzed, it is observed
that the K-Prototypes and W-K-Prototypes algorithms produce
almost the same clusters. The processing time of the W-K-
Prototypes Algorithm in Table I includes the time of the Z-score
and inverse Z-Score processing.

4. Conclusions and Future Works

In this paper, we introduce an algorithm which integrates the
various attributes of the data into the clustering analyzes by means
of various weights in the hybrid data with huge dimensions. This
algorithm is named the W-K-Prototypes Algorithm because it is
fundamentally based on the K-Prototypes algorithm and
efficaciously runs a clustering process by means of a non-
hierarchical method without the necessity of the coefficient y;. In
the making of the algorithm, the distance measures used in the K-
Prototypes Algorithm; the method for determining the center of
the cluster; and the coefficient y; on the effect of the categorical
data on the distance, are considered independently from each
other and this is the starting point of this approach. Similarly, the
components used, depending upon the scope of the expected value
and of the data, can be applied in future studies. For instance, in
order to compute the distance of the categorical data, a measure
based on the value of the frequency of the relevant attribute can
be used or, instead of the Euclidean distance measure, another
distance measure can be applied in order to increase the degree of
the clustering quality [5]. It is obvious that Z-score
standardization, the process used for application of the W-K-
Prototypes Algorithm, possesses a disadvantage for huge data.
Instead, studies on efficiently determining the coefficient y can be
performed.
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Oz

Gelisen teknoloji dogrudan insani etkilemekte ve yeni beceri alanlari ile insanin gelismesini dngérmektedir. Bu beceri alanlarindan
biriside bu ¢alismaya konu olan komputasyonel diislinme kavramidir. Komputasyonel diisinme kavrami, 21. yy. insanlarimin sahip
olmast gereken bir 6zellik haline gelmektedir. Komputasyonel diisinme becerisi, yasanan ¢evrenin anlasilmasi ve problemlerin
¢Oziimiinde insanlara kapsamli bir beceri sunmaktadir. Bu kapsamda ¢alismanin amaci, komputasyonel diigiinme kavraminin 2006-2015
yillar1 arasinda nasil bir degisimde oldugunu incelemektir. Arastirma siirecinde dokiiman analizinin adimlar takip edilerek, belirlenen
kriterler ¢ercevesinde 22 ¢aligma dahil edilmistir. Bu ¢aligmalar ScienceDirect, Taylor & Francis ve SpringerLink veri tabanlarindan

elde edilmistir. Caligma sonucunda elde edilen bulgular makalenin genel bilgileri ve igerik bilgileri kapsaminda incelenmistir. Sonuglar
son yillarda komputasyonel diisiinme kavramu ile ilgili aragtirma alanlarinin ve sayilarinin arttigini gostermistir.

Anahtar Kelimeler: Komputasyonel diisiinme, egitim, dokiiman analizi, problem ¢dzme

Examining Studies Related with the Concept of Computational
Thinking between the Years of 2006-2015

Abstract

Developing technology directly affects the people and forces people to acquire new skills. One of the trending skillset is computational
thinking which is the main topic of this research. The concept of computational thinking has been increasingly becoming a desirable
characteristic for the people of 21th century. Computational thinking skill provides comprehensive skills to the people in the significant
subjects such as understanding of living environment and solving problems. In this scope, the aim of the study is to examine how
computational thinking research as evolved between 2006 and 2015. During the study, 22 papers are included that fit to the determined
criteria by following document analysis steps. These studies are obtained from the databases of Science Direct, Taylor & Francis and
Springer Link. Findings were examined along the general concept and content of the study as a result of this survey. Results showed
that computational thinking related research areas and publication numbers has recently increased.

Keywords: Computational thinking, education, document analysis, problem solving

beceri ve tutuma tanimi  Onem

tagimaktadir.

.. sahip olmak seklindeki
1. Giris

Bilgisayarlarin hayatimizin vazgegilmez araglari haline
geldigi kusku gotiirmez bir gercektir. Insanlarin bilgisayarlari
giinlik hayatlarinda karsilastiklart problemlerin  ¢6ziimiinde
kullanmalar1 veya kullanmaya yonelik ¢aligmalari, bilgisayarlarin
hayatimizda yer etmelerindeki nedenlerdendir. Bu kapsamda
Ozden (2015) tarafindan komputasyonel diisiinme kavramnin,
giincel yagamda karsilagilan problemlerin ¢oziimiinde bilgisayar1
¢Ozlim iiretebilen bir arag olarak kullanabilmek i¢in gerekli bilgi,

Komputasyonel diisinme kavrami yeni olmamakla birlikte
son yillarda popiiler haline gelen bir kavram olmustur.
Komputasyonel diisiinme kavramina bu popiilerligi saglayan
caligma ise Wing (2006) tarafindan yapilmistir. Komputasyonel
diisinme kavraminin bir ¢esit analitik diistinme becerisi oldugu
ifade edilmektedir (Wing, 2008). Curzon (2015) ise
komputasyonel diisiinmeyi bir ¢esit problem ¢6zme becerisi
olarak ifade etmektedir. Komputasyonel diisiinme, teknoloji ile
diislincenin birleserek problem ¢oziimiinii destekleyen bir sistem
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olarak tamimlanmistir (ISTE, 2015). Bu tanimlamalardan yola
¢ikarak Komputasyonel diisiinme kavraminin birden fazla
diisiinme becerisini altinda toplayan 6énemli bir kavram oldugu
sOylenebilir.

Komputasyonel diisiinme kavrami Wing (2006) tarafindan
yalnizca bilgisayar bilimi ile ugrasanlar icin degil, her insan i¢in
gerekli bir yetenek oldugunu ortaya koymustur. Bu ifade Bundy
(2007) tarafindan ortaya konan komputasyonel diisiinmenin hem
beseri hem de dogal bilimler dahil olmak iizere tiim disiplinleri
etkiledigi ifadesi ile de desteklenmistir. Komputasyonel diisiinme
kavrami problem ¢6zme, analitik diisiinme gibi 6nemli 6zellikleri
baridirmasi nedeniyle giiniimiiz bilgi ¢ag1 insaninin sahip olmasi
gereken Onemli bir 6zellik oldugu savunulabilir. Ayrica ISTE
(2015) tarafindan komputasyonel diigiinme yeteneginin yaratici
diisiinme, algoritmik diisiinme, problem ¢ézme ve igbirlikli
o0grenme gibi giincel egitim miifredatimizda siklikla uygulanmaya
calistlan becerileri barindirdigini ifade etmesi Onemli bir
yaklagimdir. Bu yoniiyle komputasyonel diisiinme becerisinin
genel ozellikleri Barr, Harrison ve Conery (2011) tarafindan su
sekilde ifade edilmistir:

e Problemi bilgisayar veya diger araglarin etkin olabilecegi
sekilde formiilize etme,

e Verileri mantik ¢ergevesinde diizenleme ve analiz etme,

o Soyutlayarak verilerin sunulmasi,

o Algoritmik diisiinerek ¢6ziim yollarin1 otomatik hale
getirme,

e Belirleme, analiz yaparak ¢oziimiin amaca ulagsmasinda en
verimli agama ve kaynak kullanimin1 uygulamaya koyma,

¢ Problemin ¢ézliimiinde uygulanan siirecin ¢esitlendirme ve
daha yaygin hale getirmek.

Yukaridaki  tanimlamalardan da  anlasilacagi iizere
Komputasyonel disiinme kavramu ile birlikte siklikla duyulan
kavramlar:

e Problem ¢dzme,

o Algoritmik diigiinme,

e Yaraticilik,

e Isbirlikli 6grenme,

¢ Kontrol yetenegi,

o Teknoloji kullanma becerisi seklinde siralanabilir.

Bunlar disinda komputasyonel diisiinmenin bir uygulama ve
perspektif boyutu ile ele alinmasi Brennan ve Resnick (2012) ile
Lye ve Koh (2014) tarafindan yapilan ¢aligmalarda onerilmistir.
Bu onerilerde komputasyonel diisiinme becerisinin 6grenenlere
kazandirilmasinda, programcilarin kullandig: gibi degiskenlerin
ve dongiilerin kullanilmasinin uygulama agamasinda grenenlerin
problem ¢6zmelerinde yardimet olabilecegi vurgulanmistir.

Komputasyonel diisiinme kavrami ile ilgili alan yazin
incelendiginde yapilan c¢alismalarin  sirli sayida oldugu
gbzlenmektedir (Korkmaz, Cakir ve Ozden, 2015; Korkmaz vd.,
2015). Boylesine onemli bir kavram ile ilgili ¢alismalarin
incelenmesi ve bu kavram ile ilgilenen arastirmacilar igin bir
gerceve cizilmesinin dnemli oldugu diistintilmektedir. Bu nedenle
caligmanin amaci, komputasyonel diistinme kavrami ile ilgili
2006 ile 2015 wyillarn arasindaki akademik ¢aligmalarin
incelenmesidir. Yapilacak bu calisma ile alan yazina olumlu bir
katki saglanmasi diisiiniilmektedir. Bu cercevede calismanin
problem ciimlesi ve alt problemleri su sekildedir:

Problem Ciimlesi: 2006 ile 2015 yillar1 arasindaki
komputasyonel diigiinme kavramu ile ilgili akademik ¢alismalarda
nasil bir degisim gozlenmektedir?

www.ejosat.com ISSN:2148-2683

Alt Problemler

1. 2006 ile 2015 yillar1 arasindaki komputasyonel diisiinme ile
ilgili ¢alismalar yayinlandiklari yillar agisindan nasil bir
degisim gostermektedir?

2. 2006 ile 2015 yillar1 arasindaki komputasyonel diisiinme ile
ilgili calismalar yayinlandiklar1 dergiler agisindan nasil bir
degisim gostermektedir?

3. 2006 ile 2015 yillar1 arasindaki komputasyonel diigiinme ile
ilgili ¢aligmalar yazar sayisi agisindan nasil bir degisim
gostermektedir?

4. 2006 ile 2015 yillar1 arasindaki komputasyonel diisiinme ile
ilgili ¢alismalar bir proje kapsaminda yapilip yapilmamasi
acisindan nasil bir degisim gostermektedir?

5. 2006 ile 2015 yillar1 arasindaki komputasyonel diisiinme ile
ilgili caligmalar veri toplanmasi durumu, 6érneklem grubu ve
katilimci sayis1 agisindan nasil bir degisim gostermektedir?

6. 2006 ile 2015 yillar1 arasindaki komputasyonel diisiinme ile
ilgili calismalarda uygulanan yontem ve veri toplama araglari
acisindan nasil bir degisim gostermektedir?

2. Yontem

Komputasyonel diisiinme konusunun 2006 ile 2015 yillart
arasindaki gelisiminin incelenmesi amaciyla yapilan bu ¢alisma
kapsaminda kullanilan arastirma modeli, evren ve orneklemi,
arastirma deseni ve verilerin toplanmasi ile verilerin analiz
stirecleri hakkinda bilgiler bu boliimde ele alinmustir.

2.1. Arastirmanmin Modeli

Bu aragtirmada komputasyonel diisiinme konusuyla ilgili
makalelerin sistematik bir sekilde incelenebilmesi amact
dogrultusunda nitel arastirma yontemlerinden biri olan igerik
analizi yontemi kullanilmigtir. Nitel arastirmalar; veri toplama
teknikleri olarak gozlem, goriisme ve dokiiman analizi yontemi
gibi tekniklerin kullanildig1 ve var olan olay veya olgulara hicbir
miidahalede bulunmadan kendi dogal ortaminda gergeke¢i ve
biitiinciil olarak degerlendirilmesidir (Yildirim ve Simsek, 2011).
Tematik igerik analizi yontemi, belli bir konuda yapilmis olan
aragtirmalarin belirlenen kisitlamalar dahilinde, elestirel bakis
acisiyla incelenerek yorumlanmasidir (Toy, 2015). Tematik icerik
analizi ile nitel ve nicel ¢aligmalar incelenerek konu kapsaminda
genel egilimler belirlenir (Giinay ve Aydin, 2015).

2.2.Evren ve Orneklem

Calismanin evrenini bugiine kadar komputasyonel diisiinme
kavramu ile ilgili olarak yapilmis olan ¢aligmalar olusturmaktadir.
Orneklemi ise literatiir taramasi sonucunda ulasilan, 2006-2015
yillar1 arasinda Ingilizce dillerinde yapilmis makalelerden olusan
22 calisma olusturmaktadir. Ornekleme metodu olarak “Amach
Omekleme”  yontemi  kullamilmistir.  Amagh  &rnekleme
yonteminde arastirmacit c¢aligmanin amacina uygun olarak
birimler, kiimeler veya gruplar belirler ve uygun gordiigii bu
kriterler {izerinden amaca ydnelik se¢imler yapabilir (Kogak ve
Arun, 2006).

2.3.Arastirma Deseni ve Verilerin
Toplanmasi

Nitel arastirma yontemlerinden olan dokiiman analizi
yontemi aragtirma deseni olarak kullanilmistir. Dokiiman analizi
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yontemi belirlenen amaca yonelik gerekli kaynaklara ulasilarak
verilerin elde edilmesi ve bu wverilerin analiz edilerek
yorumlanmasina olanak saglar (Cepni, 2007). Dokiiman analizi
stireci ile ilgili detaylar ise su sekildedir:

Caligma kapsaminda kullanilacak dokiimanlara ulagilmasi
icin Oncelikli olarak ¢alismanin amacina yonelik olarak arama
kriterleri  belirlenmigtir. ~ Belirlenen kriterler kapsaminda
olusturulan anahtar kelime (“computational thinking”), akademik
veri tabanlarinda arastirilmistir. Caligma kapsaminda belirlenen
veri tabanlar1 ScienceDirect, SpringerLink, Taylor & Francis ve
JSTOR olmustur. Arastirma kapsaminda bu veri tabanlarinin
se¢ilmesinin nedeni olarak, en fazla taranan veri tabanlar
arasinda yer almalar1 gosterilebilir. Bu veri tabanlarinda arama
yaparken bazi kisitlamalar konulmustur. Bu kisitlamalar:

sirecinde  dil
makaleler

tabanlarinda aramasi
yalnizca Ingilizce olan

e Makalelerin veri
seceneklerinden
secilmigtir.

e Veri tabanlarinda arama kisitlamalarindan birisi de tarih
alaninda yapilmustir. Ulagilan makaleler 1 Ocak 2006 ile 31
Aralik 2015 tarihleri arasinda yayinlanmis olmasina dikkat
edilmistir.

e Veri tabanlarinda arama terimi Ozet, baglik ve anahtar
kelimeler boliimiinde aratilmasi saglanmustir.

Segilen veri tabanlarinda arama limitlerinin uygulanmasi
sonucunda ulasilan makalelere bazi kriterler uygulanmis ve bu
kapsamda bazi ¢alismalar arastirma dist birakilmistir. Bu diglama
kriterleri ise su sekildedir:

o Erisilen ¢aligmalardan Ingilizce olmayan ¢alismalar siirec
dis1 birakilmastir.

e Erigilen ¢alismalardan  konferansta
makaleleri dikkate alinmamustir.

e Erisilen calismalardan iceriginde anahtar kelime boliimii
bulunmayan ¢alismalar dikkate alinmamustir.

sunulan  bildiri

Tim bu kriterler sonucunda arama yapilan veri tabanlarinda
elde edilen arama sonuglar1 ve siirece dahil edilen ¢aligma sayilari
Tablo 1°de verilmistir.

Tablo 1. Dokiimanlara ulasimasi siirecindeki makale sayilar

Arastirma . Arastirmaya
Tarihi Veri Tabam | Sonug | 1y54i1 Edilen
ScienceDirect 13 4
SpringerLink 96 13
I Temmuz 2016 Taylor & Francis 90 5
TOPLAM 199 22

Aragtirma siirecine dahil edilen ¢aligmalardan nicel verilerin
elde edilmesi saglanmistir. Bu nedenle ihtiyag¢ olan tablolamalari
olusturabilmek amaciyla Excel dokiimani olusturulmustur.
Calismalar arastirmanin amacina uygun olarak degerlendirilerek
ilgili Excel dokiimanina iglenmistir.

dokiiman1  bagka bir
Bunun nedeni ise,

Caligmalarin  kodlandigi  Excel
arastirmaci tarafindan incelenmistir.
arastirmanin giivenilirligini saglamaktir.

2.4 Verilerin Analizi

Bu calismada elde edilen verilerin analizini yapmak igin
igerik analizi yontemi kullanilmugtir. Icerik analizi ile yapilan
islem, birbiri ile benzerlik gosteren verileri belli temalar

www.ejosat.com ISSN:2148-2683

gergevesinde toplamak ve bunlar1 okuyucunun anlayabilecegi bir
bigimde biitiinlestirerek yorumlamaktir (Yildirnrm ve Simsek,
2006). Bu kapsamda caligmaya dahil edilen makaleler yil,
yaymlandig1 dergi, yazar sayisi, proje ile desteklenmesi durumu
gibi genel bilgiler ve ilgili oldugu alan, veri toplanma durumu,
orneklem grubu, katilimci sayisi, yontem, veri toplama araglari
gibi icerik bilgilerinden olusan kriterler belirlenmistir. Tki
temadan olusan ¢aligma ile ilgili elde edilen veriler betimsel
istatistiki ~ yontemler (ylizde ve frekans) kullanilarak
¢oziimlenmistir. Olusturulan Excel dosyasinda kayitli bulunan
veriler ile ilgili olarak, her bir arasgtirma sorusunun cevabina
karsilik gelecek sekilde verilerin frekanslari ve bu frekanslara
baglt olarak yiizde oranlari hesaplanmistir. Sonug olarak elde
edilen sayisal veriler tablolar ve grafikler halinde bulgular ve
tartisma kisminda sunulmustur.

3. Bulgular ve Tartisma

Bu béliimde c¢alismanin amaci g¢ergevesinde belirlenen alt
problemlerin her biri ile ilgili istatistiki veriler sunulmus ve
yorumlanmustir.

Aragtirmaya  konu  olan  galismalarda  genellikle
komputasyonel diisiinme kavraminin 6gretim siirecindeki etkileri
tizerinde durulmustur. Bunun gerekliligi ile ilgili arastirmaya
dahil edilen calismalarin ¢ogunda vurgulanan ortak
noktalardandir. Ayrica calismalarda komputasyonel diisiinme
kavramu ile ilgili miifredatta yer almasi gerektigi ve ne sekilde yer
alabilecegi ile ilgili 6rnekler ortaya konmustur. Caligsmalarda
genellikle cocuklarin 6gretim siirecinde komputasyonel diisiinme
kavrami ile ilgili ¢alismalarin goriildiigi de sOylenebilir.
Incelenen calismalarda komputasyonel diisiinme kavramimn
O0grenme siirecine olumlu katki saglayacak bir beceri oldugu
hipotezi yaygin olarak goriildiigii sdylenebilir.

3.1.Genel Bilgiler Kapsaminda Yapilan
Analizler

Genel bilgiler kapsaminda calismaya dahil edilen 22
makaleden yili, dergisi, yazar sayist ve proje destegi durumu
kriterleri belirlenerek veriler toplanmis ve analiz edilmistir. Bu
tablolamalardan elde edilen veriler ve analiz sonuglar1 su
sekildedir:

Makaleler  yayinlandiklart  yillara  gore  degisimler
gostermistir. Bu degisim Sekil 1°de yer alan grafikte verilmistir.

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

==@==\/akale Sayisi

Sekil 1. Yillara Gore Makale Degisimi
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Sekil 1°de de goriildigii gibi komputasyonel diisiinme
kavraminin g¢alisma c¢ercevesinde belirlenen kriterler esasinda
yillara gore bir artis egilimindedir. Bu gosterge komputasyonel
diisiinme kavraminin 6neminin son yillarda daha fazla anlasildig:
seklinde yorumlanabilir. Komputasyonel diisiinme konusunda
Sekil 1 kapsamindaki veriler 1s1¢inda 2008 yilinda bir kirilma
yasanmig ve bu kirilma 2012 yilinda da devam etmistir. ikinci
kirilma noktast olarak da 2013 yili olarak degerlendirilebilir.
komputasyonel diisiinme kavramu ile ilgili aragtirmalar 2015
yilinda makale sayis1 (n=8, %36,7) en yiiksek degere ulagmustir.

Makalelerin genel bilgileri kapsaminda yayinlandiklari
dergilere gore degisimi ise Tablo 2°de verilmistir.

Tablo 2. Dergi Basina Diisen Makale Sayisi

Makale Sayisi Dergi Sayisi (n) Yiizdesi (%)
1 14 77,8
2 4 22,2
Toplam 18 100

Tablo 2’de de goriildiigii gibi bir dergide en fazla iki makale
yaymlandig1 goriilmektedir. Bu makaleler ise 2012 ile 2015
yillarinda degisen birer tane yayinlanmis makale seklinde
degismektedir. Bunun nedeni ise 2012 yilindan sonra
komputasyonel diisiinme kavram ile ilgili Sekil 1°de de
goriildiigii lizere artan makale sayisi seklinde yorumlanabilir.

Sekil 2 incelendiginde bir proje kapsaminda desteklenen
makale sayist ile hi¢bir proje kapsaminda desteklenmeyen makale
sayisinda bir esitlik oldugu goriilmektedir. Arastirma siirecinde
“Makale proje kapsaminda destekleniyor mu?” sorusu ile
arastirilmis ve evet ile hayir cevaplarinda 11’er adet makale tespit
edilmigtir.

Arastirma stirecindeki makaleler ile ilgili genel bilgiler
temasi altinda elde edilen veriler 1s18inda elde edilen bulgular
ozetle su sekildedir:

e En fazla makale 2015 yilinda yaymlanmus,

e Bir dergide en fazla 2 tane makale yaymlanmus,

e 2 yazarli makale sayisi en fazladur,

e Bir proje tarafindan desteklenen ve desteklenmeyen proje
sayilar esittir.

3.2.Icerik Bilgileri Kapsaminda Yapilan
Analizler

Icerik bilgileri kapsanmunda c¢alismaya dahil edilen 22
makaleden makalenin ilgili oldugu alan, veri toplanma durumu,
orneklem grubu, katilimci sayisi, ¢alismanin yontemi ve veri
toplama araglar1 kriterlerine goére veriler toplanmis ve analiz
edilmistir. Bu verilerden elde edilen tablolamalar ve
yorumlamalari su sekildedir:

saylgri?r?t:lr;? dekg?;tsiag?il;l edfll"abigc; }ggirilﬁ?;?ielerdeh yazar Aragtirmaya dﬁhil. edilen.makalelerin i.lgili. olduklar1 alan
bakimindan nasil bir degisim gosterdikleri Tablo 4°de
Tablo 3. Yazar Sayisina Gore Makale Sayilar gosterilmistir.
Yazar Sayisi Makale Sayist (n) Yiizdesi (%) Tablo 4. Makalelerin 1lgi Alanina Gore Dagilimi
1 2 9,09 Makalenin Tlgili Makale Sayis1 . .
2 9 40,90 Oldugu Alalgl (n) ' Yiizdesi (%)
3 4 18,18 Bilgisayar Bilimleri 6 27,27
4 2 9,09 Miifredat 4 18,18
5 3 13,63 Teknoloji 4 18,18
6 1 4,54 Matematik 2 9,09
8 1 4,54 Fizik 2 9,09
Toplam 22 100 Mimarlik 2 9,09
. e - Cografya 1 4,54
Tablo 3 incelendiginde komputasyonel diisinme alaninda -
arastirma kapsaminda incelenen makalelerde en fazla 8 yazarli Ekonomi ! 4,54
Toplam 22 100

makale bulunmaktadir. Ayrica ¢aligma dahilindeki makalelerde en
fazla 2 yazarli makaleler bulunmaktadir (n=9, %40,90).

Incelenen makalelerde genel bilgiler kapsaminda bir proje
kapsaminda desteklenip desteklenmedigi de arastirilmig ve
sonuglar1 Sekil 2°de verilmistir.

12
10

o N B OO

Evet Hayir

B Makale Sayisi

Sekil 2. Proje Kapsaminda Desteklenme Durumuna Gére
Makale Sayilar
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Tablo 4 incelendiginde komputasyonel disiinme kavramu ile
ilgili yapilan ¢aligmalarda bilgisayar bilimleri alan1 basta olmak
lizere miifredat Onerileri ve teknoloji alani, matematik, fizik,
mimarlik, cografya ve ekonomi alanlarinda yapilan c¢alismalar
dikkat ¢ekmektedir. Bu kavramin ¢ikis sebeplerinden olan bir arag¢
olmasi, giiniimiizde problem ¢dzme, algoritmik diisiinme gibi
becerilerin programlama veya oyunla verilmesi yapilan
calismalarda bilgisayar bilimleri alaninin fazla olmasina neden
olabilir.

Aragtirmada  incelenen makalelerin  veri  toplanmasi
bakimindan esit dagilima yakin bir goriinimde oldugu
gorilmiistiir. Makalelerden 12 (%54,55) tanesinden veri

toplanmig, 10 (%45,45) tanesinde ise veri toplanmamistir. Bu
nedenle veri toplanan 12 c¢aligma agisindan Orneklem grubu,
orneklem sayis1 ve veri toplama araglar1 bakimindan incelenmis
ve su sonuglar elde edilmistir:
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Tablo 5. Veri Toplanan Makalelerin Orneklem Grubu, Orneklem
Sayisi ve Veri Toplama Araglar: Bakimindan Dagilimi

Tiirii st/[yﬁ;a(lﬁ) Yiizdesi (%)
Ilkokul 1 8,33
Ortaokul 4
Lise 1 8,33
Orneklem Lisans 3 24,99
Grubu Ogretmen
ve 1 8,33
Yetigkinler
Diger 2 16,66
0-14 2 16,66
Katilimc 15-29 5 41,65
Sayisi 30-49 2 16,66
50 ve tizeri 3 24,99
Anket 2 16,66
Olgek 4 33,32
Basari
Testi 2 16,66
Veri Toplama | Goriisme 5 16,66
Araclan Formu
Video 1 8,33
Dokiiman
Analizi 1 8,33
Formu
Toplam 12 100

Tablo 5 incelendiginde Orneklem grubu olarak ortaokul
ogrencileri ile yapilan ¢aligmalarin fazla oldugu goriilmektedir.
Bununla birlikte diger grubunda yer alan makale ve mobil
uygulamalarla ilgili ¢aligmalarda bulunmaktadir. Ayrica katilimci
sayisi bakimindan 15 ile 29 kisi arasinda degisen ¢aligma sayist
en fazladir. Caligmalardan veri toplarken 6l¢ek kullanimi dikkat
¢ekmekle birlikte farkli bir veri toplama araci olarak videonun
kullanilmasi 6nemlidir.

Aragtirma kapsaminda incelenen makalelerin yOntemi
bakimindan gosterdigi farkliliklar ise Sekil 3‘de yer almaktadir.

Makale Sayisi

N’

= Nitel

= Nicel Karma

Sekil 3. Incelenen Calismalarin Yontemlerine Gore Dagilimi
Sekil 3 incelendiginde makalelerin 12 tanesinde nitel

(%54,54), 8 tanesinde (%36,36) ve 2 tanesinde karma (%9,09)
yontem secilmis ve uygulanmstir.
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4. Sonuc¢

Bu c¢alismanin amaci, 2006 ile 2015 yillarn arasinda
komputasyonel diisiinme kavramu ile ilgili akademik makalelerin
incelenmesi ve nasil bir degisim gosterdigini ortaya koymaktir.
Caligmaya konu olan komputasyonel diisiinme kavramu ile ilgili
Kalelioglu, Giilbahar ve Kukul (2016) tarafindan yapilan
calismada alan yazin bakimindan olgunluk ve bazi kavramlarin
degismeye devam ettigi tespiti yapilmistir. Bu tespit arastirma
kapsaminda, komputasyonel diisiinme ile ilgili hem farkli
alanlarda c¢aligma yapildigt hem de farkli kavramlarla
tanimlandig: tespiti ile dogrulanmistir.

Komputasyonel diisiinme kavramiin ¢aligildigi alanlarin
genisledigi ve farkli alanlarda yapilan calismalarin son
donemlerde arttigt elde edilen Onemli bulgulardandir.
Caligmalarin  artmasinda, Wing (2006) tarafindan yapilan
calismada ilerleyen donemlerde komputasyonel diisiinme becerisi
okuma, yazma gibi temel beceriler arasinda yer alacaktir
ifadesinin etkisi oldugu diisliniilmektedir. Komputasyonel
diisinme kavramu ile ilgili Bundy (2007) tarafindan yapilan
¢alismada belirttigi komputasyonel diisiinme kavrami hem beseri
hem de dogal bilimlerle birlikte tiim alanlar etkiledigi tespiti
arastirmada incelene makalelerin ¢aligma alanlarinin farkli
olmastyla desteklenmektedir.

Komputasyonel diisiinme kavrami ile ilgili caligmalar son
yillarda artmasi problem ¢ozme, algoritmik diisiinme, elestirel
diistinme gibi birgok beceriyi biinyesinde barindirmasi ve sadece
bilgisayar ile ugrasanlarin elde edecegi bir beceri olmadiginin
anlagilmasindan diye disliniilmektedir. Ayrica  giinlimiiz
bireylerinin problem ¢6zme, yaratict disiinme, algoritmik
disiinme, elestirel diisiinme gibi becerilere sahip olmasi
gerekliligi alan yazinda pek ¢ok ¢aligma ile desteklenmektedir
(Seferoglu ve Akbiyik, 2006; Tok ve Seving, 2010; Koray vd.,
2007; Trilling ve Fadel, 2009). Alan yazin tarafindan 6nemle
iizerinde durulan becerileri komputasyonel diisiinme kavrami
bilinyesinde oldugunun yeni teknolojilerle kesfedilmesi de bu
kavram ile ilgili ¢caligmalarin artmasindaki énemli nedenlerden
oldugu sdylenebilir.

Miifredatta komputasyonel diisiinme kavramin yer verilmesi
ve bu konuyla ilgili yeni ¢aligmalarin yapilarak miifredatta yer
verilmesi  gerekliligi noktasinda daha fazla wveri ile
desteklenmelidir.
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Abstract

In this work, the effect of C content on the microstructures and tensile behaviors of Nb-V added microalloyed powder metallurgy (PM)
steels were investigated. The samples pressed at 700 MPa and sintered at 1450°C temperature in the sintering argon atmosphere for 1 h
were produced. Nb-V added PM microalloyed steels with different carbon ratio were analyzed in terms of tensile test. Results indicated
that the images of microstructure that as the proportion of the C in the PM samples increases, the volume of the perlite gets increase
gradually and 0.35 wt. % C added Nb-V PM steel showed the highest values in yield strength (YS) and ultimate tensile strength (UTS).

Keywords: Powder metallurgy; powder metallurgy steels; Nb-V; Microstructure

1. Introduction

Steels are the material group having superior properties such
as; high strength and toughness, low ductile-to-brittle transition
temperature, excellent weldability and corrosion resistance which
are obtained by applying various hardening mechanisms and
proper thermomechanical procedures. The main roles of
microalloying elements are to refine the grain size, prevent
recrystallization and facilitate precipitate hardening. The effect of
microalloying elements on the grain boundary movement and
recrystallization is a result of carbo-nitride precipitates. (Erden et
al., 2016a,b; Erden et al., 2014; Gladman ,1997).

Powder metallurgy (P/M) paves the way for the economical
production of high quality and sophisticated tools. This
production method turns the metal powders that are different in
size, shape and packaging features into resistant, precise and high
performance tools (Sage, 1986). Railway Tank Cars, Railway
parts, nuclear power plants, aircraft parts, automotive
components, armor-piercing materials, electrical connection
components, orthopedic materials, high temperature filters, jet
engines, clock parts, high power lightening are some of the areas
that parts produced by powder metallurgy are used. PM method is
preferred for its economy, manufacturability, homogeneity and
quality as well as high performance and low cost of the produced
parts (Wang et al., 2008, Rahimian et al., 2011)

In the present study, PM steel has been produced in the
targeted compound by adding different proportions of C, Nb and

V into the Fe matrix with the powder metallurgy method and the
output microstructural mechanical features have been compared.

2. Materials and Experimental Procedure

In this investigation, having been added in different
proportions, the effect of the C and Nb-V’s amount on
microstructural and mechanical properties is researched. Fe, C,
Nb and V powders of <180, <20, <45 and <44 supplied by Aldrich
were used. Analysis indicated that the purity of Fe, C, Nb and V
was 99.9 %, 96.5 %, 99.8 % and 99.5 % respectively. Before the
mixing process, powders were prepared in the proportions that
had been given in Table 1 by weighing on a digital precision scale
which has 0.0001 precision. The powders were mixed in an
industrial conic mixer for 1 h. Graphite additions were 0.45 and
0.55 % to reach carbon concentration of 0.25 and 0.35 % in the
test pieces after sintering. Additionally, Zn-stearate was used in
all mixes as lubricant. Steel is produced by way of mixing in the
chemical compounds given in the Table 1. Tensile test has been
implemented on the produced samples after microstructural
characterization is performed. The results have been compared.
Having been mixed homogeneously, the powders were
pressurized under 700 MPa unidirectional with Hidroliksan
branded device, which has 96-ton pressure capacity. Samples of
the tensile experiment were turned into blocks by squeezing with
the mould which had been prepared according to ASTM (E 8M)
standards of powder metal material tension sample.
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Table 1. Chemical compositions of powder metal steels.

Compound C Nb v Fe
P (%wt.) | (%ewt.) | (Yowt.) | (Yewt.)
Fe +0.25 C (Alloy 1) | 0.25 - B Test
Fe +0.25 C+ 0.1 Nb-
V (Alloy 2) 0.25 0.05 0.05 rest
Fe +0.25 C+0.15
Nb-V (Alloy 3) 0.25 | 0.075 | 0.075 rest
Fe +0.35 C (Alloy4) | 0.35 - n p—
Fe +0.35 C+ 0.1 Nb-
V (Alloy 5) 0.35 0.05 0.05 rest
Fe +0.35 C+0.15
Nb-V (Alloy 6) 0.35 | 0.075 | 0.075 rest

The pressurized samples were sintered at argon atmosphere
at 1450 °C during 1 hour. After sintering, densimetry and pore
values were measured. Sintered samples were made ready via
traditional methods like sanding, polishing and searing for the
metallographic examinations. Having been sintered at 1450 °C,
the microstructures of the PM steel tensile samples were
examined under Nikon Epiphot 200 optical microscope which has
X50-X1000 zoom capacity. Tensile test was carried out at 0.5
mm/min pulling speed with Shimadzu tensile device that has 50
KN capacity. The yield strength (% 0.2), tensile strength and %
(percentage) values of elongation of the tensile test samples were
determined. The density of the samples was determined using the
densimeter and according to the principle of Archimedes. Besides,
the pearlite proportions of the powder metal steels were calculated
using Gladman and Woodhead’s (1960) metallographic point
counting method. Along with it NbC, VC, NbN, NbCN, VN and
VCN sediments were detected by the help of the point and line
EDS.

3. Results and Arguments

3.1. Microstructure results

The images of the microstructures of the samples are
demonstrated in the Figure 1. As can be seen from the figure, the
structure comprises of ferrite and pearlite phases in the whole
alloys. When the images of the microstructure in the Figure 1 are
examined, it is detected that there are partially uncovered pores
on the borders of the grains. Although it is stated that porosity
affect the strength of many welds negatively, it is reported that
tiny and spherical pores do not reduce the strength (Misra et al.,
2003) It is inferred from the images of microstructure that as the
proportion of the Nb and V alloys in the PM samples which
contents 0.25 % wt C increases, the size of the grain gets smaller
gradually. For instance; the size of the grain decreased to 35.7 pum
and 31.3 um respectively with 0.1 and 0.15 percentage of weight
increase in the amount of the (Nb-V) while the average size of
grain in the nonalloy P/M steel sample in the Fe+0,25C compound
is 43.5 um. It is inferred from the images of microstructure that as
the proportion of the C in the PM samples increases, the volume
of the perlite gets increase gradually. For instance, the volume of
the perlite increased to % 25.1 and % 26.7 respectively with 0,1
and 0,15 percentage of weight increase in the amount of the (Nb-
V) the volume of the perlite in the nonalloy P/M steel sample in
the Fe+0,25C compound is % 23.3.
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Figure 1. Micrographs ofPMsteel specimens (500 x). (a) Alloy
1, (b) Alloy 2, (c) Alloy 3, (d) Alloy 4, (e) Alloy 5 and (f) Alloy 6.

Table 2. Relative density, mean linear intercept grain sizes and
volume fractions of ferrite and pearlite phases in PM steel
specimens

Relative Porosity | Pearlite Grain

Alloy Density (%) (%) Size
(%) (nwm)

Alioy 93.7 6.3 23.3 435
Aléoy 93.4 6.6 25.1 35.7
Ag"y 93 7 26.7 31.3
Alioy 93.3 6.7 26.2 439
Aléoy 93.1 6.9 33.1 35.4
Aléoy 92.9 7.1 35.3 30.7

In the table 2, it is seen that the average size of grain decreases
with a % 0.15 of increase in the proportion of the (Nb-V). This
situation emerges when NbC, NbN, VC, VN, VCN and NbCN
precipitates that develop in the sintering process prevent the
austenite grains from getting bigger. One of the features of
microalloy elements is that they restrict grain size by creating
carbide and nitride.in the austenitizing or sintering processes.
Development of little sediments during the austenitizing process
prevents austenite grains from growing and leads to the
development of small ferrite grains (Scade et al., 2012a,b; Xiang-
done et. al., 2013).

3.2. Mechanical properties

While the figure 2 shows the tensile-elongation diagrams of
the sintered samples, table 3 shows the yield, tensile, elongation
and toughness as percentage. The yield and tensile strength with
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the elongation and toughness values as percentage (%) are
observed to increase when (Nb-V) proportion increases to % 0.15
as weight. Being created by the niobium and vanadium elements,
the carbide, nitride and carbonitride sediments ensure the material
to be small grained by way of restricting the size of the austenite
grain and re-crystallisation of the austenite. The improvement of
the resistance is fulfilled thanks to the more grain borders in the
small grain structure and the prevention of dislocation move by
this grain borders. The decrease of the grain size also contributes
to the elongation of the material as percentage (%). Along with
these, the developed sediments contributed to the increase of the
yield and tensile strength via various resistance booster
mechanisms like sediment hardening, dispersion hardening and
aggregation hardening (Rahimian et al., 2011; Scade et al.,
2012a,b; Xiang-done et. al., 2013).

It is inferred from the tensile tests that as the proportion of the
C in the PM samples increases, mechanical properties such as
yield strength and tensile strength of PM steels gets increases. For
instance, the tensile strength in the 0.15 % wt. Nb-V added
microalloyed P/M steel sample in the Fe+0.25C and Fe+0.35C
compound 434 MPa and 454 MPa respectively.
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Figure 2. Variation of stress—strain curves of the PM steel and
microalloyed PM steels at different percentages of TiCN content
(a) Alloy 1, (b) Alloy 2, (c) Alloy 3, (b) Alloy 4, (c) Alloy 5 and
(d) Alloy 6.

Table 3. Mechanical properties of sintered PM steel and
microalloyed PM steels

. Ultimate
Yield . .
Tensile Elongation
Alloy Strength o
(MPa) Strength (%)
(MPa)
Alloy 1 94 247 16
Alloy 2 217 403 15
Alloy 3 250 434 14
Alloy 4 110 278 15
Alloy 5 226 412 14
Alloy 6 259 454 13

As can be seen from the Figure 2 and the table 3, an increase
is usually observed in the yield strength, tensile strength and
toughness values as the proportion of (Nb-V) increases from %
0.1 to %0.15 as weight. This case is a result of the development
of the sediments like VC(N) and NbC(N) during the sintering
process and during the after-sintering cooling process. It is
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thought that NbC(N) and VC(N)-like sediments lead to the
development of small austenite grains by way of restricting the
grain size during the sintering process, thereby improving the
resistance of the materials. Hence, Erden et al., produced Ti and
V microalloyed steel with PM method. They conducted the
sintering process at 1150 °C waiting 60 minutes and determined
an increase in the yield and tensile strength as the proportion of Ti
and V (% 0.1-% 0.2) rises. The writers demonstrate in their survey
that NbC(N) and VC(N)-like sediments lead to the development
of small austenite grains by restricting the grain size during
sintering and as a result of this, the resistance of the materials
improves. In the other surveys that have been conducted (Erden
et al., 2016a,b; Erden et al., 2014; Scade et al., 2012a,b; Xiang-
done et. al., 2013). it is stated that the carbide and nitrite which
develop in the microalloy steels lead to an increase in the
toughness and resistance. In the same survey, it is pointed out that
solid solution hardening stays at low percentage because of the
sedimentation of carbide and nitrite (Erden et al., 2016a,b; Erden
etal., 2014).

4. Conclusion

The N-V alloyed PM steel which has different volume ratios
(%0.1 and 0.2) and different volume ratios carbon content (%0.25
and %0.35) is produced by cool press and sintering at the argon
setting and the following results listed below are obtained from
this study.

Microalloyed steels which contain C, Nb and V and Fe matrix
can be produced with powder metallurgy. Solid solution
hardening and precipitation hardening which arise during the
sintering process or after-sintering cooling process increase
the resistance of the steel.

Microalloyed steels that are added % 0.1 and 0.15 (Nb-V) as
weight compared to non-alloy steels showed smaller grain
structure. This situation stems from the restriction of grain
size by the carbide and nitrite which alloy elements has
created.

Usually, there has been an increase in the yield strength,
tensile strength, percentage (%) elongation and toughness
values of the compounds which have Nb and V ratio by
%0.15 as the alloy ratio rises. This situation is a result of the
development of the sediments like NbCN during sintering
process and after-sintering cooling process. These sediments
lead to the creation of small austenite pieces by preventing
grain size and thus improving the resistance of the materials.

After-sintering density of the non-alloy and Nb and V added
microalloyed steeels is observed to be generally at about %93.
After-sintering condensation showed a little bit increase.
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Abstract

In this study, the role of apiculture in rural development is examined with the help of rural development projects, implemented in Turkey.
Accordingly, since 2000, rural development projects implemented by public and private sectors were evaluated. Document analysis
method as a main methodology was used in the present study to analyze rural development projects. In addition, the findings were
presented with the current literature results. The preliminary results showed that apiculture was not sufficiently emphasized in rural
development projects in Turkey. However, there has been recently a significant increase in the number of projects about beekeeping in
Turkey. These projects are mainly supported by the Ministry of Food, Agriculture and Livestock, TUBITAK and Ministry of forestry

and water affairs.
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1. Introduction

Rural development aims at improving the living standards of
the rural population. People who live in the rural area have
disadvantages when compared with those who live in the urban
area. Rural depopulation occurs due to the failure of solving rural
problems and this causes serious problems to arise in urban areas.
Thus, rural development is a political option which aims at
uplifting the rural population and solving the migration and
employment problems at the zone and has a strategical
significance in resolving inter-regional imbalances. It also
includes integrating the local people in decisions concerning
development, improving the modern hard infrastructure,
increasing the opportunities to access public services such as
education and health, enabling a better use of rural environment
and natural resources and promoting a sustainable administration
(Ministry of Agriculture and Rural Affairs, 2004; Emekli et al.,
2007). In order for rural development to succeed; policies and
practices that will invigorate non-agricultural economy, that
involve every category of the society, that will accelerate
institutional developments, that will minimize social differences
have become approaches that each international organization has
adopted rather than those one-directional practices and policies
that only aim at economic and agricultural integrity (Gulcubuk et
al., 2010). When these facts are considered, regional development
should be tackled together with sustainable development.

The issue of rural development in Turkey’s national
development plans has been examined under titles as community
development, village and villager problems, regions privileged in
development, regional development and village development. For
years, rural development in Turkey was perceived as practices for
improving spatial infrastructure such as improving agriculture

and stockbreeding, building village and forest roads, providing
potable water (Celik, 2005). Diversifying economic practices and
improving social infrastructure were not taken into consideration
sufficiently. However, during the EU negation process, the
understanding of rural development in Turkey started supporting
the producer rather than the product and issues on increasing rural
employment, decreasing migration and increasing rural
enterprises came to the agenda. Small-scale rural development
projects are implemented within recent regional large-scale
development plans and programs (GAP, DAKAP, DOKAP etc.)
in Turkey. The shared goals of these projects are to increase
agricultural productivity, develop new sectors, increase
employment, support entrepreneurship, decrease socio-economic
gaps and to promote sustainability of the natural environment etc.

Rural development projects in Turkey have failed to achieve
the desired achievement despite these alternative new practices.
One of the main reasons for this is that the social dimension of
development has not entered in the agenda sufficiently (State
Planning Organization, 2006). One other factor is that rural
settlements have a scattered structure and the settlement areas are
too large in number (Arie et al., 2005; Inal Cekic and Okten,
2009). Rural regions in Turkey are primarily dependent on
agriculture; however, the shattered and small-scale soil structure
along with high production expenses reduced the sector’s power
of competition. That the rural population is undeveloped in issues
concerning professional training, organization and collaboration
also supports these drawbacks. Planning carried out by the central
bodies with a traditional understanding have unfortunately failed
to resolve the problems of provincial and rural areas. Whether or
not rural development projects, practiced in order to improve rural
agriculture, are the best solutions for decreasing rural poverty
should be discussed (Ozturk, 2009). When the fact that rural areas
in Turkey have different geographical characteristics is
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considered, diversifying rural economy become necessary
(Ministry of Agriculture and Rural Affairs, 2011). Apiculture
plays a key role in diversifying rural economy.

Among the agricultural practices, apiculture is the cheapest
economic practice which also generates employment the easiest
way. It is also a crucial means of income for families with no or
very few lands. Thus, apiculture comes to the forth as a crucial
tool in rural development practices of many countries (Kumova
and Korkmaz, 2001). In general, Turkey has a mountainous
topographic appearance. This has led to significant climate and
flora differences in short distances. Also, due to the various
climate conditions, the blossoming season continues throughout
almost the whole year. Anatolia, the region where apiculture has
the oldest and most expanded history, embodies three quarters of
the world’s total honey plant species (Firatli et al., 2000).
Apiculture is a traditional agricultural activity which is carried out
in almost all regions throughout Turkey. Almost every region in
Turkey is potentially convenient for apiculture. 20 of the 25 bee
species in the world exist in Turkey (Kence, 2006). The fact that
apiculture is a means of employment mainly for producers living
in rural areas and who have very few lands proves that apiculture
is a crucial practice in Turkey’s economy. With its 6.3 million
colonies and above 90 tons of honey production, Turkey has a
significant position in global apiculture (FAOSTAT, 2013). The
bee population in our country, which ranks second in the number
of colonies, enables sustainability in the flora, increases
productivity and quality in plant production and serves as a crucial
source of income with the honey and other productions (Taori and
Chakravarty). Forests contribute significantly in carrying out this
production. The relationship between honey production fields and
forests is an important factor in rural development (Okan and
Cosgun, 2012). Important projects, which support apiculture in
forest villages, are carried out by ORKOY (Department of Forest-
Village Relations).

Although Turkey is the second in the world concerning the
number of colonies, with the average of 16 kg of honey per
colony, it is 20 kg. below the world average (FAOSTAT, 2013).
Moreover, this value corresponds to about one third of the figure
in EU countries. Production of other beekeeping products such as
pollen and bee milk is also low. The main needs in this sector are;
modernization and development and refurbishment of existing
instruments, equipment, machinery, storage and filling facilities.
The producers should develop marketing skills, market their
products at higher values, and use the revenue they generate to
further improve their business. (IPARD-I Programme, 2013).

Turkey is encountering serious problems such as disorganized
apiarists, lack of information about modern apiculture, bee pest,
bee bugs, climate problems, avoiding apiarists in agricultural
contention practices, the drawbacks in queen bee breeding and
failing to diversify honey products. There are also problems such
as the majority of the apiculture sector being unrecorded, instable
prices and producer concerns about marketing fake honey.
Despite all these drawbacks, apiculture is a strategical sector
which should be supported so as to; protect and convey biological

Table 1. Data about Apiculture in Turkey
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diversity to future generation to promote sustainable food security
and to prevent erosion which threatens Turkey at a large scale.

2. Purpose and Methods

The purpose of this study was to put forward the role of
apiculture in rural development in Turkey with regards to rural
development projects. Rural development projects implemented
in Turkey since the last 2000 years were examined through the
document analysis method. The results were evaluated through
national and international literature.

3. Results and Discussion

In Turkey’s rural development projects, apiculture has always
undertaken the role as a means of agricultural development.
Apiculture is also one of the oldest economic activities in
Anatolia. The fact that apiculture was mentioned on stone
scriptures in Bogazkoy, the place where the Hittites had settled
during 1300 BC in Anatolia, indicates that apiculture has a long
history in Anatolia (Dincol, 1982). Apiculture, which is a crucial
source of agricultural development, is considered as an alternative
economic practice in mountainous and woody areas which are
inconvenient for planting. Thus, apiculture has gained support by
being an alternative source of employment and by decreasing
rural-urban migration. The amount of female population in rural
areas in Turkey suggests that female employment and female
entrepreneurship in apiculture is supported. When the key role of
females in rural economic practices in Turkey are considered, it is
clear that rural development will not succeed in the strict sense
without the participation of females (Ozmete, 2012; Soysal,2013).
From 2000 to 2013, 139,695 women were given training in
various animal husbandry issues, including beekeeping, as part of
the Agricultural Education Project for Female Farmers, which
was implemented by the Ministry of Agriculture in 19 provinces
(IPARD-I Programme, 2013).

In recent projects which are implemented to develop
apiculture, approaches, which aim at increasing the contribution
of apiculture to the country’s economy by supporting scientific
studies in the field have come to the forefront rather than
approaches which aim at decreasing employment anxiety.
Apiculture is a profession which uses technology and information
to promote sustainability and profitability, which is organized,
which has ethical rules and which follows these rules and all these
factors increase the importance of the profession (Gurel and
Gosterit, 2011). Increasing the educational status of the rural
population on apiculture through rural development projects has
become a crucial issue (Adgaba et al., 2014). The issue of
education has been on the agenda of rural development projects
since the establishment of Village Institutes.
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The number | The number The The number
Year of of number of of Total Honey production | Beeswax production
beekeeping | beekeeping modern transitional beehives (tons) (tons)
villages villages beehives beehives
2000 22.571 -| 4.067.514 199.609 4.267.123 61.091 4.527
2001 22.606 -1 3.931.301 184.052 4.115.353 60.190 3.174
2002 22.423 -1 3.980.660 180.232 4.160.892 74.554 3.448
2003 22.110 -| 4.098.315 190.538 4.288.853 69.540 3.130
2004 22.133 -|  4.237.065 162.660 4.399.725 73.929 3.471
2005 22.550 -|  4.432.954 157.059 4.590.013 82.336 4.178
2006 22.305 -| 4.704.733 146.950 4.851.683 83.842 3.484
2007 21.560 -l  4.690.278 135.318 4.825.596 73.935 3.837
2008 21.093 -l 4.750.998 137.963 4.888.961 81.364 4.539
2009 21.469 -] 5.210.481 128.743 5.339.224 82.003 4.385
2010 20.845 -|  5.465.669 137.000 5.602.669 81.115 4.148
2011 21.131 -l 5.862.312 149.020 6.011.332 94.245 4.235
2012 21.307 - 6.191.232 156.777 6.348.009 89.162 4.222
2013* - 79.934| 6.458.083 183.265 6.641.348 94.694 4.241
2014 - 81.108| 6.888.907 193.825 7.082.732 103.525 4.053
2015 - 83.467| 7.486.621 223.015 7.709.636 107.665 4.750

*The number of villages profiting from apiculture since 2013 have been titled as “Number of businesses working on apiculture”. Source:
Ministry of food, agriculture and livestock (Turkey), 2015

The number of bechives and amount of honey production in
Turkey has increased significantly in recent years. However, the
increase rate in the number of beehives is higher than the increase
rate in the amount of honey production (Table 1, Figure 1 and

Figure 2). Also, there is a decrease in the number of old beehives.
The number of new beehives has increased rapidly in recent years.
Recently, there is a tendency of an increase in the amount of honey
production.
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Source: hitp.//faostat3.fao.org/download/Q/QP/E, 07.03.2016
Figure 1. The Change in the Number of Beehives in Turkey during Years 1961-2015
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Figure 2. Honey Production in Turkey during Years 1961-2015 (tons)

Since the year 2000, Turkey’s share in world honey
production has remained stable due to the difficult competition
conditions (Figure 3). World honey production is 1.663.798 tons
in 2013. Turkey has 94.245 tons of honey production, and as a
second country after China, it has a say in the beekeeping sector.
There are approximately 89 million hives worldwide in India and
China with more than 20% of their existence. Turkey is ranked

3rd in the world with 6.641.348 hives. The average honey
production per hive around the world is about 20 kg and this
production value is about 14.3 kg in our country. 64,777 tons of
beeswax were produced worldwide. With 4,235 tons of
production per year, Turkey ranks fourth in the world (FAOSTAT,
2013).
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Figure 3. Turkey’s Share in World Honey Production during Years 1961-2013 (%)

Due to the difficult competition conditions of recent years,
apiculture has received significant support from rural
development projects with the aim of increasing public or private
enterprises competitiveness and solving current problems. The
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main operation of apiculture projects is to increase product
diversity and productivity. The reasons for this are stated as the
high cost productions of present enterprises due to insufficient use
of apiculture technology and from only producing honey
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(products such as propolis, royal jelly, pollen, bee wax, bee venom
and apilarnil are not well-known) (Ministry of Food, Agriculture
and Livestock, 2015).

Rural development projects in Turkey are mainly carried out
by official institutions under the auspices of international
organizations (EU, World Bank, International Fund Agricultural
Development etc). Within these, the [IPARD (Instrument for Pre-
Accession Assistance Rural Development Program), which is
supported by the European Union and implemented by the
Agriculture and Rural Development Support Institution, has
earned a investment of a total of 6.1 Billion Liras including 3.5
Billion Lira grant (IPARD Programme, 2015). Beckeeping has
been supported under the diversification and development of rural
economic activities. Appropriate investments on this subject are
construction of shelter and annex for the storage and processing
of hives, honey and other beekeeping products, purchasing of
equipment necessary for the management, maintenance and
production of hives, purchasing or renewing technological bands
for processing and packaging of honey on the farm, installation
and equipment of rearing station for licensed breeders to produce
queen bees, procurement of construction works and machinery
equipment for renewable energy production for the enterprise's
own consumption. During the IPARD-I (2007-2013)
implementation period, the amount of support for a project was
between 5,000 and 250,000 euros, at 50% of the total eligible
investment. Under [IPARD-I, 1,691 projects have been contracted
in beekeeping sector. The total amount of support paid by the
institution to the 1383 beekeeping projects that have been closed
has reached TL 55.8 million. When the 1,691 apiculture project is
examined; 99,9 % of the applications made are made by real
persons and only 0.01% is made by legal entities, 91% of
beneficiaries were male, 9% were female, 67% of beneficiaries
are over 40 years old and 33% of them are under 40 years old and
66% of the projects are modernized enterprises and 34% are new
ones (IPARD-I Programme, 2013). In the implementation period
of IPARD-II (2014-2020), the support rate increased to 65
percent. In addition, the total upper limit of investments has been
raised to 500,000 euros (IPARD-II Programme, 2015).

In addition, Ministry of Food, Agriculture and Livestock
supports per-queen bee producers who have received queen bees
from businesses that have been permitted queen bee production,
per hive producers that have been permitted with a minimum of
30 and a maximum of 1000 bee hives, per colony to producers
who use Bombus bees for pollination in 2016. This support is 10
TL per beehive, 60 TL per colony for producers using Bombus
bees (Ministry of Food, Agriculture and Livestock, 2015).

The support of the beekeeping sector by the government
agencies in Turkey started after 2000 years. Initially, in 2003, the
union member beekeepers who buys queen bee was paid incentive
premium of 6 TL and 4 TL for the other beekeepers for per queen
bee. This support has been raised to TL 10 for 2004 and TL 15 for
2005 and 2006 for union members. For the other beekeepers,
incentive payment of 7.5 TL was made. In 2003-2007, support
was provided for queen bee and extracted honey, and since 2008,
support has been introduced per beehive. In addition, the
beekeeping registration system (AKS) was introduced in 2008. In
2008, 5 TL support payment per hive was realized. This support
was paid as 10 TL in 2015. With the Bombus Bees Regulations
issued in 2011, some principles have been set to prevent bombus
bees, one of our native gene resources, being picked from nature
and to be abducted abroad, encouraged to grow on supervised
conditions, and promoted to use in greenhouses. (Ozturk and
Gurpinar, 2012). Greenhouse owners using bombus bees have
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been supported since 2005 and a payment of 60 TL per colony
was made in 2015 (General Directorate of Livestock, 2016).. In
addition, since 2011 organic beekeeping has been supported and
50% of the price paid as hive support to the honey producers that
provide the necessary conditions in production is paid. (Ministry
of Food, Agriculture and Livestock, 2016).

The Ordu-Giresun Rural Development Project (1995-2006)
and the Erzincan-Sivas Development Project (2005-2012), both
of which are supported by IFAD, are among the regional rural
development projects in Turkey. The total budget of Ordu-Giresun
Rural Development Project is 41.5 million Euros, while the total
budget of Erzincan-Sivas Development Project (2005-2012) is 24
million Euros. These projects aim to support small family
businesses, improve social and agricultural infrastructure and
raise rural living standards in less developed regions in order to
increase agricultural productivity and income level.

2013-2017 General Directorate of Forestry Honey Forest
Action Plan consists of; regulations concerning protecting and
improving vegetation convenient for apiculture, preparing
apiculture-oriented functional plans and settling of migratory bees
along with codes of practice for protecting forest ecosystems and
biological diversity; on issues about the projects and
implementations about forestation, erosion management, pasture
improvement, production and maintenance. 1620 ha forest areas
and honey forests per year will be allocated with the 2013-2017
Honey Forest Action Plan. Almost 2.106.000- 3.069.900 TL and
405.000-583.200 TL per year has been planned as the amounts for
maintenance costs for honey forests and facilities respectively
(General Directorate of Forestry, 2016).The first honey forest was
established in Agizkara, Afyonkarahisar in 2010. It consists of
forestry such as black locus, willow, sugar maple and almond
trees along with herbaceous plants and bushes that are highly
productive in honey such as esparsette, musk thistle and gorse
plants. In addition, increasing honeydew honey production in
Turkey, which makes up for the majority of the world’s honeydew
honey production, is one of the goals of this action plan.

There has been recently a significant increase in the number
of R&D projects in Turkey. These projects are mainly supported
by the Ministry of Agriculture and TUBITAK (Scientific and
Technological Research Council of Turkey). Issues which are
dwelled upon are; identifying, protecting and improving the local
bee species in Anatolia, developing new methods for fighting
against bee pests, producing queen bees for breeding and
detecting fake honey and adulteration.

There has also recently been an increase in organic apiculture
improvement practices. Organic breeding in stockbreeding in
Turkey began with apiculture (Saner et al., 2004). Organic
apiculture has been observed to fail developing at desired levels.
There are many reasons for this. One reason is the state of weather
conditions. Apiarists encounter serious damages when the
weather conditions are inconvenient. The number of bees
decreases because bees are sensitive species and because the
traditional products for protection are not convenient for organic
apiculture.

Issues which have been discussed in rural development
projects in Turkey are listed below:

+ Using new beehives rather than old type beehives in
production,

* Increasing the number of queen bees, making production
with teenage and healthy queen bees,
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* Using the bee species convenient with the region’s
environment,

*  Making production according to the botanic origin and
increasing the production of plants that are crucial for apiculture,

*  Breeding the bee species used in apiculture,
» Fighting against bee pests,

* Increasing product diversity in apiculture,

*  Supporting organic apiculture,

e Increasing the educational status of producers,
supporting bee breeding graduate programs and giving technical
support to apiculture organizations through bee breeders,

« Taking legal precautions against fake honey production,
* Increasing the number of honey analysis laboratories,

*  Observing sufficiently the bee marketing chains,

*  Organizing the apiarists,

* Improving internal
facilitating external exporting,

marketing opportunities and

* Transferring government incentives and supports to
people and producers who have required knowledge and
experience and who carry out convenient scale production
oriented to the market,

* Including the apiculture sector to government-supported
insurances,

* Detecting pasturelands (staging area) which will
encourage seasonal migration in apiculture and organizing the
staging areas according to beehives’ and apiarists’ needs,

*  Encouraging branding in honey production,

*  Updating the honey codexes.

4. Conclusion

One of the most important problems in the beekeeping sector
is that the migratory bees, which constitute 75% of the sector, are
the problem of "accommodation". A major problem with
migratory beekeepers is the "shipping" problem, which accounts
for almost 40% of the costs.. Lowering the definition of young
farmers to under 30 is important for the future of the beekeeping
sector (Agriculture and Rural Development Support Institution,
2016). R&D and production activities required to increase the
production of by-products such as bee milk, bee poison, beeswax,
pollen, propolis need to be replicated. Given the falling consumer
confidence index, awareness-raising and advertising campaigns
on the basis of safer production should be supported and
supported by the industry.

When the contributions of apiculture on employment and its
importance on environmental sustainability through pollination
are considered, it can be regarded as a crucial agricultural practice
that should be supported (Yilmaz and Akbas, 2010). Thus,
sufficient amount of fertile queen bees should be bred, researches
on identifying genotypes convenient for the region and on product
standards should be carried out and technically qualified
personnel who are also interested in research should be trained.

In this study, among the bee products, the recognition of
honey was detected as 99.4%, pollen as 61.6%, royal jelly as
52.8%, bee wax as 46.4%, bee pest as 16.3% and propolis as
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8.9%. In the same study, it was observed that the participants
bought honey every two to six months but avoided buying the
other apicultural products ((Boluktepe and Yilmaz, 2008).
Although Turkey has a crucial position in global honey
production, it was observed that the recognition of the other
apicultural products were at a low level. Thus, increasing product
diversity in apiculture became a crucial issue in rural development
projects in Turkey.

The significant economic problems have still showed up such
as losses related to Varroosis, expenses for struggling, decrease
the number of bees and in production due to unhealthy beehives
in Turkey. Fighting against bee pest is among the serious problems
of apiculture. Increasing R&D practices for improving the role of
apiculture in rural development along with increasing the number
of honey analysis laboratories is also an important issue.

Instability in the prices is one of the major problems of apiculture
in Turkey. Because wholesalers are usually the unit which
determine prices and because there are no clear markets,
establishing cooperations or producer associations in which
producers can participate in determining prices and
commercialize their products with lower risk levels is crucial. In
addition, projects on marketing are observed to be very few within
rural development projects. Recent apicultural potentials can be
exploited if policies and strategies, which integrate the production
and marketing dimensions of apiculture, are established and
implemented effectively. Practices in creating a brand value in
national and international market are of crucial importance.
Examining multi-dimensional utilization opportunities from a
single area of land and planning agriculture-forests-livestock
together on the same land have become important issues in
Turkey. In other words, agricultural forestry is crucial for both
rural development and sustainable development.
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Ekolojik Farkindahigin Arttirilmasinda Milli Parklarin Roliine Iliskin
Ogrenci Goriusleri
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Oz
Cevre egitimi, toplumun tiim kesimlerinde ¢evre bilincinin gelistirilmesi, ¢cevreye duyarli, kalict ve olumlu davranis degisikliklerinin
kazandirilmasi ve dogal, tarihi, kiiltiirel degerlerin korunmasi, aktif olarak katiliminin saglanmasi ve sorunlarin ¢éziimiinde gorev almak
olarak tanimlanabilir. Bu calismamizda Tiirkiye’deki dogal, tarihi ve kiiltiirel olarak siniflandirilan milli parklarin ekolojik farkindaligin
arttirllmasinda yeri ve dneminin olup olmadigi 11. sinif cografya dersi miifredat1 kapsaminda sorgulanacaktir.
Milli park egitimine bagli olarak gelisen bireysel milli park bilinci, zamanla toplumsal ¢evre bilincine dontisecektir. Diinyada giderek
daha fazla sayida iilke, cevre egitimi ve turizm etkinliklerini dogal, tarihi ve kiiltiirel milli parklara yonlendirmektedir. Bunu ekoloji
egitimi igerisinde farkindalik olusturmak i¢in kullanabiliriz.
Ortadgretim 11.simf cografya dgretim programinda “Kiiresel Ortam: Bolgeler ve Ulkeler” bashigi altinda 6grenme alani olarak “Milli
Parklar” kavrami lizerinde de durulmakta, diinyadan 6rnek milli parklar, nitelikleriyle birlikte tanitilmakta ve milli parklarin neden
korunmasi gerektigine dikkat ¢ekilmektedir. Buradaki kazanimlar, ¢esitli egitsel uygulamalar yaparak elde edilmeye galigilmistir. Sonug
olarak ekolojik farkindaligin arttirilmasinda milli parklarin bir mekan, etkinlik alani ve bilgilenme sahasi olmasi1 noktasinda etkin bir
rol oynayacag diistiniilmektedir.

Anahtar Kelimeler: Ekolojik farkindalik, ¢evre egitimi, milli park, kazanim.

Students’ Opinions with Regard to the Role of National Parks in the
Enhancement of Ecological Awareness

Abstract

Environmental education can be described as development of environmental awareness in all parts of society, gaining of environmentally
sensitive, lasting and positive behaviour change, the protection of natural, historical and cultural values, providing individuals active
participation, involvement in problem solving process. In this study, it will be investigated the place and importance of the enhancement
of ecological awareness of national parks classified in natural, historical and cultural terms in Turkey.

Individual awareness of national park built on national park education will turn into the societal environment awareness over time.
Many countries channel envrionmental education and tourism activities into natural, historical and cultural parks. We can employ it to
develop the awareness in ecological education.

In the 11. grade geography curriculum under the title of the learning domain "Global Environment: Regions and Countries" there is a
focus on the concept of national park with the worldwide examples detailing them with their qualities while drawing attention to why
to protect them. With various educational activities it is tried to reach the attainment. Consequently, national parks thought to be as a
space, an activity area and informing domain in the enhancing ecological awareness.

Keywords: Ecological awareness, environmental education, national park, attainment.

.. sehir kalintilari, kaleler, surlar, kiliseler vb.) kapsayan bolgelerdir
1. Giris (MEB, 2014). 11 Agustos 1983 tarih ve 18132 sayill resmi
gazeteye gore, “milli parklar doga korumadaki en yaygin korunan
alan tipi olup; bilimsel ve estetik bakimdan milli ve milletler aras1
ender bulunan tabii ve kiiltiirel kaynak degerleri ile koruma,

“Milli Park” ylizélglimiiniin biyikliigline bakilmaksizin
sadece dogal ¢evre elemanlarini degil beseri degerleri de (antik
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dinlenme ve turizm alanlarma sahip tabiat pargalaridir” (Resmi
Gazete, 1983). Dolayisiyla Milli Park, insan etkisine pek
ugramamus, tarihi, estetik ve dogal ortam agisindan bilimsel
Onemi olan sinirlar belli olan 6zel alanlardir (Atalay, 2013).

Milli parklar ¢evre egitiminin yapilabilecegi, ¢evre bilincinin
olusturulabilecegi ve ekolojik farkindalik iizerinde etkisinin
olacagi muhakkaktir. Milli parkin tanimindan da anlagilacag:
iizere dogal olan gdller, bitki Ortiisii, sular, dogal giizellikler,
hayvanlar ile beseri olan yerlesmeler, konutlar, bentler gibi
unsurlar milli parklarda en ¢ok bulunan degerlerdir. Milli
parklarin degerini dncelikle milli parklar taniyarak ve egitim
sahalar1 haline getirerek anlayabiliriz. Milli park egitimi isin
uzmanlari tarafindan ¢evre egitimi iginde verilebilir.

Cevre egitimi, insanin ¢evreyi bozan tutum ve davranislarini
degistirme ihtiyacindan dogmustur. Cevre egitimi, drgiin egitim
kadar hatta ondan daha fazla sistemli olarak yiiriitillecek bir
yaygin egitim konusudur. Herkeste olmasi, olusturulmasi gereken
cevre duyarliligmi, S6gretim programlarina konulacak bir-iki
dersle ¢ozmeye kalkismak, deyim yerindeyse hafife almak,
niteligini ve capii gérmemek anlamina gelir (Gokdag, 2003).
Nitekim giiniimiizde ¢evre egitimi iizerinde yogun bir sekilde
durulmakta, c¢evre iizerine ¢esitli arastirmalar yapilmakta,
kanunlar ¢ikarilmakta ve ¢esitli ydonlerden ortadgretimdeki bir¢ok
dersin miifredatinda yer almaktadir (Sahin, 2015). Zira gevre
egitimi, toplumun tiim kesimlerinde ¢evre bilincinin
gelistirilmesi, c¢evreye karst kalict ve olumlu davranig
degisikliklerinin kazandirilmasi i¢in gereklidir (Alim, 2006).

Milli park egitimi, milli parklarda siirdiiriilen dogal, tarihi ve
kdiltiirel temelli bilimsel ¢evre egitiminden olusmaktadir. Milli
park egitimi ile milli parklarin ve yakin ¢evresinin sundugu dogal,
tarihi ve kiiltiirel degerlerin bireylere tanitilarak onlara park
niteliklerini gézlemleme, buradaki dengeyi, renk, bi¢im ve
estetigindeki cesitliligi ve Ozgiinligi anlayabilme becerisi
kazandirilmaya ¢alisilmaktadir. Milli park egitimi sonucunda
bireylerin park niteliklerini gozlemleme ve onu okumada
kendilerine &zgii bir tarz gelistirmeleri ve sorumluluk
kazanmalar1 beklenmektedir. Dogal, tarihi ve kiiltiirel degerleri
bir arada sunabilen milli parklarda katilimcilara ekoloji temelli
biitiinciil bir egitim sunmak, bu yolla katilimcilarin disiplinler
aras1 diiginme becerilerini gelistirmek milli park egitiminin
baslica amaglar1 arasindadir (Ozaner, 2004).

Cok sayida kaynak degere sahip milli parklarin siirdiiriilebilir
kullanim c¢ercevesinde bir arada degerlendirilmesi milli park
egitiminin Onemini arttirmaktadir. Milli park egitimiyle, milli
parklarin eko-turizm amagli kullanilabilmesi i¢in bilimsel alt yap1
teskil edilmektedir. Milli park egitimine bagli olarak gelisen
bireysel milli park bilinci zamanla toplumsal g¢evre bilincine
doniisecektir (Yasar ve Seremet, 2008). Bu agidan gelismis
iilkelerde milli park bilincinin olustugunu gérmekteyiz. Gelismis
iilkeler genel olarak bir¢ok milli park sahasi olugturmus ve bunlar
arasinda bilgi aligverisini saglamisti. Boylece hem bilimsel
¢alismalarin yapilmasina zemin hazirlanmis hem de doga koruma
bilincinin olusturulmasina katki saglanmistir (inan, 2008).

Tiirkiye’de de “milli park™ bilincini gelistirmeye yonelik
¢esitli kurum ve kurulusglar faaliyet gostermektedir. Bu gercevede
1999 yilinda TUBITAK tarafindan hazirlanan “Milli Parklarda
Bilimsel Cevre Egitimi” baglhkli proje egitimi yapilmaya
baslanmigtir. Bu projede, milli parklar bir laboratuvar gibi
kullanilarak parklarin ve yakin g¢evresinin sundugu dogal ve
kiiltiirel degerler ekoloji temelinde genclere tanitilmakta, ayni
zamanda milli parklarin ekoturizm amacgli kullanilabilmesi igin
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bilimsel alt yapi olusturulmaya ¢alisiimaktadir (Binbasaran
Tiysilizoglu, 2005).

Millik parklar iizerine Oz, Bakir ve Yildirnm (2013)
tarafindan yapilan bir caligma ise 416 Ogretmen adayma
uygulanmistir. Bu ¢alismada 6gretmen adaylarinin milli parklar
ve cevre egitimi iizerine gortsleri ele alinmis, milli parklarin
cevre egitimindeki roliinde en fazla ilk elden deneyim ya da
cevreden 6grenmenin etkili oldugunu belirtmislerdir.

Yukarida elde edilen bilgiler 15181nda ekolojik farkindalik ile
cevre egitimi ve duyarliligin birbiriyle baglantili oldugu gercegi
g6z oniine konulmaktadir.

2. Ekolojik Farkindahigin Olusmasinda
Milli Parklarin Etkisi ve Egitim

Cevresel farkindalik literatiirii incelendiginde, bireysel
diizeyde c¢evresel sorunlar ile ilgili tam olarak bilgi sahibi
olunmadigi, hem toplumsal hem de bireysel olarak yeteri kadar
onlem alinamadigi ve yeterli 6l¢iide bilinglendirme ¢alismalarinin
yapilamadig1 sonuglari gozlemlenmektedir. Ancak yine de son
yillarda genclerin o6zellikle de farkli diizeylerde 0Ogrenci
gruplarinin ¢evreye yonelik farkindaliklarina ve tutumlaria
odaklanan ¢evre egitimi aragtirmalarinda onemli Slgiide artig
goriilmektedir (Ozbebek Tung, Akdemir Omiir, Diiren 2012). Bu
yeni ekolojik paradigma kavramui ile, ekolojik farkindalik
olusturmadaki 6nemi ve iilkelerin siirdiiriilebilir gelisimine katki
yapacak sekilde ¢evre egitiminde kullanilabilirligi temelinde
ortaya atilmustir.

2005 Ortadgretim Cografya Dersi Ogretim Programinda yer
alan “Cevre ve Toplum” 6grenme alaninda ckoloji ve gevre
konulari islenerek Ogrencilerin bu konuda tutum ve deger
kazanmalar1 amacglanmaktadir. Bu O6grenme alaninda dogal
kaynaklarin kullanimi, dogal afetler, ¢evre sorunlari, yonetim ve
planlama ile gevresel degisim islenmektedir (TTKB, Cografya
Dersi Ogretim Programi, 2011).

Ayrica, Cografya Dersi Ogretim Programinda “Mekansal Bir
Sentez: Tiirkiye” ve “Kiiresel Ortam: Bélgeler ve Ulkeler”
O0grenme alanlar1 igerisinde “Milli Park” kavrami iizerinde
durulmakta, Tirkiye’den ve diinyadan 6rnek milli parklar,
nitelikleriyle birlikte tanitilmakta ve milli parklarmm neden
korunmasi gerektigi belirtilmektedir. Ornegin, diinyada ilk olarak
1872’de ABD’de ulusal park olarak kurulmus olan “Yellowstone
Ulusal Parki (Yellowstone National Park), c¢ayirlari, sicak su
kaynaklari, gayzerleri, traverten basamaklari, geyik popiilasyonu
ile dikkat ¢ektigi gibi (Giiney, Bozyigit vd, 2016, 379) boz ayilari,
kurtlar1 ve bizonlari ile meshurdur. Burast gezegenimiz iizerinde
kalan en genis, bozulmamig ekosistem bdlgelerinden biridir” diye
tanitilmaktadir. Yine aymi sekilde “Tanzanya'nin “Serengeti
Ulusal Parki”nda iki milyonun iizerinde biiyilk hayvan;
savanlarda, koruluklarda ve c¢evresindeki alanlarda binlerce
hayvan tiirleri ile birlikte yasar” denilmektedir (MEB, 2014).

Ders programlarinda gevre egitimi ile konulara dogal, tarihi
ve kiiltiirel temelli milli park egitimi konularmi eklemek bir
zorunluluktur. Cilinkii gerek milli parklarin “sehir parki” ya da
“piknik yeri” seklinde algilanmamasi ve gerekse milli park
degerlerinin siirdiiriilebilir kullaniminin saglanmasi ancak buna
baglidir (Yasar ve Seremet, 2008). Diinyada giderek daha fazla
sayida tilke gevre egitimi ve turizm etkinliklerini milli park ve
tabiat parki gibi korunmus alanlara yonlendirmektedir. ABD’de
Milli Parklarda yiriitilen “Passport in Time” adli proje
kapsaminda lise ve {iniversiteli 6grenciler yaz aylarinda ABD’nin
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milli parklarina dagilarak hem ekoloji temelli egitim almakta hem
de milli parklarda yapilmas: gereken islere goniillii olarak
katilmaktadir. Program sonunda katilimcilara {izerinde bir geyik
sembolii bulunan yesil renkli bir pasaport verilmekte, bu
pasaportun her sayfasi ziyaret edilen milli parkin miidiri
tarafindan imzalanmaktadir. Imzali sayfalar1 kabarik olan
pasaportlar, sahiplerine prestij saglamakta, gencler ¢evre ile ilgili
islerde calismak istediklerinde bu pasaportlari referans olarak da
kullanmaktadirlar (Ozaner, 2004). Bunun gibi farkli uygulamalar
yaparak milli parklarin anlatilmasi gerekmektedir. Ornegin
haritalar {lizerinde milli parklarm dagilisi, 6zellikleri ve farkli
kullanim durumlar verilebilir. Bdylece harita okuma ve anlama
diizeyleri de gelismis olacaktir. Unlii (2011) harita okuma
becerisinin sadece cografya dersinde degil bireyin giinlik
yasaminin farkli yerlerinde ise yarayabilecegine vurgu yapmustir.

Tirkiye’de cevre egitimi ve milli park egitimine yonelik
yapilan TUBITAK esgiidiimiinde, iiniversiteler, Cevre ve Orman
Bakanlig1 ve Milli Egitim Bakanlig: isbirligiyle “Milli Parklarin
Ekoloji Temelli Bilimsel Egitim Amacli Kullanim1” kapsaminda
1999 yilindan bu yana Milli Park ve gevresinin sundugu dogal,
tarihi ve kiiltiirel degerler iiniversite Ogretim tyeleri, yiiksek
lisans Ogrencileri ve diger uzmanlarin katkilartyla katilimer bir
egitim temelinde igslenmektedir. Amag farkli disiplinlerdeki geng
aragtirma gorevlileri, milli park rehberleri ile izci lideri
Ogretmenlere genis bir ekoloji vizyonu kazandirmak olarak
belirlenmistir (Yagar ve Seremet, 2008). Bugiin ¢evre egitiminde
milli parklar gibi doga koruma alanlar1 ve kentsel yesil alanlar,
ozellikle insan ve dogal ¢evresi bir laboratuar kabul edilerek, birer
o0grenme ortami olarak degerlendirilmektedir (Atik ve Tokgdz,
2005).

Korunan alanlarin 6nemi konusunda bu alanlarin yakin
¢evrelerinden baslayarak genel bir bilinglenme saglanacagi
diisiiniilmektedir (Denis ve Geng, 2010). Milli park bilinci ve
farkindaliginin saglanmasi i¢in, daha ¢ok uygulamali olarak milli
parklarin iginde kalarak, gezerek ve etkinlikler yaparak elde
edilebilir. Bunun i¢in ders kitaplarimizda kendi tilkemizdeki milli
parklarinda verilmesi ve gdsterilmesi gerekmektedir.

3. Yontem

Cevre egitimi uygulamalarinda milli parklarin mekan olarak
kullanilmast dogru mudur? sorusu ile baslayan bu arastirma 11.
Sinif Cografya Dersi Ogretim Programinda yer alan Kiiresel
Ortam: Bélgeler ve Ulkeler Ogrenme alani icinde, “diinyanin yedi
harikasi, diinyanin dogal ve kiiltiirel ortak mirasi, milli parklar da
verilmelidir” kazanimini degerlendirmek igin yapilmistir.

Calismada nitel aragtirma yaklagimi kullanilmigtir. Nitel
aragtirma herhangi bir sekilde istatistiksel islemler ya da bagka bir
sayisal arag olmaksizin verilerin tiretildigi arastirma yaklagimidir
(Altunisik, Coskun, Bayraktaroglu ve Yildirim, 2005).

Elde edilen veriler icerik analizi yoluyla ¢oziimlenmistir.
Icerik analizinde temel amag, toplanan verileri agiklayabilecek
kavramlara ve iliskilere ulasmaktir. icerik analizi kapsaminda
verilerin kodlanmasi ve bulgularin yorumlanmasi agsamalarina yer
verilmistir (Yildirim ve Simsek, 2011).

3.1. Calisma Grubu

Bu arastirmanin ¢alisma grubunu, Marmara Universitesi,
Atatiirk Egitim Fakiiltesi, Cografya Ogretmenligi Anabilim
Dali’nda 2015-2016 egitim-0gretim yilinda 6grenim goren 4. ve
5. smiflardan goniilliilik esasina dayanarak ulasilan 20 6grenci
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olusturmaktadir. Her bir aday ile 15-20 dakika goriigme siiresi
ayarlanmis ve forma yazilmustir.

Veriler toplandiktan sonra yapilan incelemeler sonucunda
gorisme  formlarm1 2 Ogrenci teslim etmedigi  igin
degerlendirmeye alinamamuistir. Sonug olarak 18 6grenciden elde
edilen bilgiler degerlendirilip bulgular kisminda analiz edilmistir.

3.2. Veri Toplama Araci

Calismada dogal, tarihi ve kiiltiirel temelli egitimin bir
parcast  olarak milli parklarin  ekolojik  farkindaligin
arttirllmasindaki etkisi incelenmistir. Bunun i¢in milli park-
ekolojik farkindalik goriigme formu hazirlanmistir. Bu formdaki
sorular ¢caligmaya veri toplamak icin a¢ik uclu olarak sunulmustur.
Ciinkii agik uclu sorular arastirmaciya esnek bir yaklagim olanagi
saglarken, ayni zamanda konuyla ilgili 6nemli degiskenlerin
gozden kagmasini da 6nlemektedir (Yildirim ve Simsek, 2005).
Milli parklar ile ilgili 6grenci gorislerini elde etmek igin
olusturulan sorularda Denis, Geng¢ ve Demirkaya (2008)
tarafindan yapilan c¢aligmadan faydalanilmistir. Sonu¢ olarak
katilimcilara yoneltilen sorular ise sunlardir;

e  Milli park nedir?

e  Herhangi bir alanin milll park ilan edilip koruma altina
alinmasi i¢in gereken sartlar nelerdir?

e  Milli parklarda hangi cografi unsurlar1 bulabiliriz?
e  Tiirkiye’de bildiginiz milli parklarin adlarinmi yaziniz?

e  Milli parklarin ekolojik farkindaligin olusmasindaki rolii
ne olur?

Ogrenciler ile yapilan 15-20 dakika arasindaki birebir
gorigmeler  sonucunda  aliman  veriler kendi iginde
degerlendirilmis olup, ilgili soru i¢inde dgrenci goriisleri aynen
verilmistir.

4. Bulgular

Bulgu-1: “Milli Park nedir?” sorusuna 20 6grenciden 18
tanesi cevap vermisti. Alinan cevaplarin giris kisminda
verdigimiz milli park tanimlar ile baglantili oldugu gorilmiistiir.
Adaylarin yaptiklari tanimlar igine en ¢ok giren climleler ise 6 kisi
tarafindan “koruma altina alinmis dogal giizelliklere sahip
alanlar”, 3 kisi tarafindan “dogal olusum alanlarinin devlet
tarafindan korumaya alinmig yeridir”, yine 3 kisi tarafindan
“ender bulunan dogal ve kiiltiirel kaynak degerleri”, 2 kisi
tarafindan “dinlenme ve turizm alanlarina sahip gezinme
yerleridir”, 2 kisi tarafindan “ekolojik yasamin oldugu alanlara”,
1 kisi tarafindan “kiiltiirel, tarihi, dogal vb. kalinti veya
unsurlarin belirli kuruluslarca giivence altina alinmasidir”, son
olarak 1 kisi tarafindan “bir iilkede dogal ya da kiiltiirel bir esere
bagh olarak kurulan ve onu korumaya yonelik sosyal
mekanlardir” olmustur.

Asagida katilimcilarin yaptiklari agiklamalardan 6rnekler yer
almaktadir:

K2: Dogal veya tarihi degerlerin korunmasi, gelistirilmesi ve
tanitilmast igin devlet tarafindan sumirlandirilmis bélge.

K4: Dogal olusum alanlarmmin devlet tarafindan korumaya
alinmis yeridir.

KS5: Devlet tarafindan korumaya alinan dogal ve kiiltiirel
alanlardir.
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K13: Dogal giizellikleri olan ve bu zenginligi sayesinde
koruma altina alinan yerlerdir.

K14: Kiiltiirel, tarihi, dogal vb. kalinti veya unsurlarin belirli
kuruluslarca giivence altina alinmasidir.

K18: Herhangi bir alamin ekolojik ozelliklerinden dolay:
koruma altina alinmasidir.

Bu tanimlardan da anlagilacag: iizere 6grenciler milli park
tanmimin1 farkli sekillerde yapsalar da tanimin igerigini yansittigi
diisiiniilmektedir. Ancak Oztura (2010)’nin yapmis oldugu
calismada milli park taniminin %70 oraninda yanlis yapildigi,
katilimcilarin milli parkl kavraminin anlamina vakif olmadiklar
tespit edilmistir.

Bulgu-2: “Herhangi bir alamin milli park ilan edilip
koruma altina alinmasi icin gereken sartlar nelerdir?” sorusuna
18 Ogrenci cevap vermistir. Bu sorudan alinan cevaplarin milli
park alanlarinin genel 6zelliklerini yansittig1 ve milli parklarin
dogru olarak algilandigi, koruma altina alinan sahalarin hangi
amaglar ve ne gibi sartlar1 sagladiginin katilimcilar tarafindan
bilindigi goriilmiistiir. Verilen cevaplari incelendiginde ise her
adayin birden fazla madde yazdig1 goriilmiis oldugundan sayisal
olarak katilime1 dikkate alinmamistir. Cilinkii benzer maddelerin
farkl kisiler tarafindan yazilmig oldugu goriilmiistiir. Onun igin
burada her yazilan ciimle i¢in ayr1 bir madde degerlendirmesi
yapilmistir. Adaylarin herhangi bir alanin milli park ilan edilip
koruma altina alinmasi igin gereken sartlarin neler olacagina dair
verdikleri cevaplar iginde K1, K2, K5, K6, K7, K12, K13, K17 ve
K18 tarafindan “dogal giizellik”; K1, K8, K15, K18 tarafindan
“ekolojik yasam”; K2, K3, K6 ve K9 ise “tarihi degerinin
olmast”; KS, K6, K7, K16 “yok olma tehlikesiyle karst karsiya
olmast”; K1, K4, K6, K17 tarafindan “canli tiiriiniin onemli
olmasi1”; K10 ve K14 ise “kendine ézgii ozelliklerinin olmast”;
K15 “turizm icin deger ifade etmeli”; K17 “hayvanlarin yasam
alanit olmast”; K9 “dogal miras olmali” ciimleleri 6ne ¢ikmigtir.

Asagida katilimcilarin yaptiklart agiklamalardan 6rnekler yer
almaktadir:

K3: Ekolojik c¢esitlilik, tarihi yapiular, bozulmamis dogal
yasam,

K1: Dogal giizellik, ekolojik yasam, canli yasami,

K6: Dogal yasam olmasi, korunma zorunlulugunun olmasi,
gorsel giizelliklerinin olmasi, canly tiiriiniin onemli olmasi, tarihi
alanlarin olmas:,

KO: Tarihi degeri olmaly, kiiltiirel degeri olmali, dogal miras
olmali,

K13: Dogal zenginligin olmast,
K17: Dogal giizellik, hayvanlarin yasam alani olmast,

K18: Dogal giizelliklere sahip, ekolojik a¢idan da zengin
olmahdr.

Bulgu-3: “Milli parklarda hangi cografi unsurlar
bulabiliriz?” sorusuna da 18 Ogrenci cevap vermistir. Verilen
cevaplart yer sekilleri, iklim, bitki ortiisi, turizm, beseri etkenler,
hayvanlar, ormanlar, sular gibi alt baglilarda toplamak
miimkiindiir.

Yer sekillerine bagli olarak; dag, magara, kanyonlar, ova, vadi
gibi fiziki unsurlar belirtilmistir. K1, K5, K7 ve K15 “dag”; K1,
K8, K15 “magara“; K3 ve K4 “kanyon*; K5, K15 ve K7 “ova*;
KS, K7, K11, K13, K15 “vadi”yi milli parklarda bulabilecegimiz
cografi unsurlar olarak yazmislardir. “Iklim* 6zelliklerine bagli
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olarak baz1 cografi unsurlart bulacagimizi K6, K14, K17
belirtmislerdir. “Bitki oértiisiine” bagli olarak olusan cografi
unsurlar1 bulacagimizi belirten ¢ok fazla dgrenci vardir; K2, K3,
K4,K7,K11,K12,K15,K17 ve K18 gibi. K9 ve K10 ise “turizm
olanaklarini” belirtirken, K2, K5, K8, K14, K16 ise beseri
yapitlardan “yerlesmeler”, “tarihi yapilar”, “antik kentler”,
“tapinaklar” ve “antik sehirler” saymislardir. K3, K7, K11, K12,
K15 ve K18 “hayvan tiirlerini“, K1, K8, K9, K10 “ormanlart®,
K1, K2, K3, K4, K8, K11, K13, K15 su ile ilgili birimleri;
“jeotermal®, “akarsular“, “gol“, “batakliklar“, “selale®,
“gayzer”, “su kaynaklari“ milli parklarda bulabilecegimiz
cografi unsurlar olarak belirtmislerdir.

Asagida katilimcilarin yaptiklar1 agiklamalardan drnekler yer
almaktadir:

K1: Dag, orman, jeotermal, magara.

K2: Dogal bitki értiisii, yerlesmeler, su kaynaklari.

K3: Kanyonlar, akarsular, endemik bitkiler, ¢esitli hayvanlar.
K4: Gol, kanyon, endemik bitki.

K8: Magaralar, batakliklar, ormanlar, tarihi yapilar, antik
kentler, goller.

K9: Ormanlik sahalar, turizm faaliyetleri, fiziki unsurlar.
K16: Antik sehirler, endemik bitkiler.
K18: Degisik bitki tiirleri, hayvan tiirleri.

Bulgu-4: “Tiirkiye’de bildiginiz milli parklarin adlarin
yaziniz?” sorusuna 18 6grenciden 17’si cevap vermis olup K18
cevap yazmamustir. Verilen cevaplar incelendiginde 2873 sayili
Milli Parklar Kanunu gercevesinde iilkemiz topraklari icinde
bugiine kadar ilan edilmis bulunan 40 milli parkimizdan 22
tanesinin  belirtilip 18  tanesinin  ise  belirtilmedigi
goriilmiistiir(Doga Koruma ve Milli Parklar Genel Miidiirligi,
2015). Bunlar arasinda Altinbesik Magaras1 Milli Parki, Beysehir
Golu Milli Parki, Bogazkdy - Alacahdyik Milli Parki, Dilek
Yarimadasi-Biilyiilk Menderes Deltast Milli Parki, Hattila Vadisi
Milli Parki, Honaz Dag1 Milli Parki, igneada Longoz Ormanlari
Milli Parki, Ilgaz Dagi Milli Parki, Karag6l-Sahara Milli Parka,
Karatepe Aslantas Milli Parki, Kizildag Milli Parki, Kopriili
Kanyon Milli Parki, Kiire Daglart Milli Parki, Munzur Vadisi
Milli Parki, Nenehatun Tarihi Milli Parki, Sartkamig Allahuekber
Daglar1 Milli Parki, Soguksu Milli Parki, Giillik Dagi
(Termessos) Milli Parki, Sakarya Meydan Muharebesi Tarihi
Milli Parki bulunmaktadir.

Ayrica milli park statiisiinde olmadigt halde Uzungdl (K3,
K4), Safranbolu (K8), Cumalikizik (K8), Sirince (K8), Olimpos
Sahili (K9, K10, K11), Olii Deniz (K9), Kula volkanik alani
(K12), Yumurtalik Lagiinii (K14) ve Bolu Dag1 (K14, K15) milli
park olarak yazilmigtir.

Milli park olarak belirtilen yerlerin sonuglar1 incelendiginde;
Kus Cenneti (K3, K4, K6, K8, K9, K10, K11, K14, K15),
Yedigoller (K1, K2, K10, K3, K4, K6, K9, K11, K16), Nemrut
Dag1 (K2, K9, K13, K14, K15, K17), Sultan Sazlig1 (K2, K5, K7,
K8, K13, K14), Uludag (K3, K4, K7, K8, K9, K10, K11), Spil
(K1, K5, K6, K7, K8, K14, K17), Agr1 Dagi (K2, K5, K13, K14,
K17) Yozgat Camligi (K7, K8, K10, K14), Kazdag: (K1, K6, K9,
K169, Géreme Tarihi Milli Park: (K8, K9, K14), Aladaglar Milli
Parki (K15), Altindere (K14), Baskomutan Tarihi Milli Parki
(K15), Beydaglar1 (K6), Gala Golii (K14), Gelibolu Tarihi Milli
Parki (K7), Kagkar Daglar1 Milli Parki (K8), Kovada Golii (K9),
Marmaris Milli Park: (K9), Saklikent Milli Parki (K9), Tek Tek
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Milli Parki (K1), Troya Tarihi Milli Parki (K9) 6grenciler
tarafindan bilinen ve goriismede yazilan yerler olarak karsimiza
¢ikmustir.

Asagida  katihmcilarin
ornekler yer almaktadir:

yaptiklarn  agiklamalardan

K2: Sultan Sazligi, Nemrut Dagi, Agri Dagi ve Yedigiller
Milli Parka.

K4: Abant ve Yedigoller, Manyas Golii, Uludag.

K7: Spil Dagi, Sultan Sazligi, Uludag ve Yozgat Camlik Milli
Parki.

K9: Kus Cenneti, Uludag, Yedigoller, Kovada Goli,
Saklikent, Goreme, Nemrut Dagi, Kaz Dagi, Truva, Oliideniz.

K12: Kula Volkanik Alan:.
K15: Bolu Dagi, Nemrut Dagi, Aladaglar, Manyas Golii.
K17: Spil Dagi, Agri1 Dagi, Nemrut Dagi.

Yapilan degerlendirme sonucunda 6grencilerin Tiirkiye’deki
milli parklar1 tam olarak bilmedikleri, dogal giizelligi veya tarihi
degeri olan yerlerin de milli park oldugu yanilgis1 ortaya
cikmustir. Oztura’nin (2012) ¢alismasinda da Tiirkiye‘de kag adet
milli park bulunduguna dair goriislerin sorgulandigt soru
maddesinde, katilimcilarin %73,2°si dogru cevabi verememistir.
Milli park ziyaretgilerinin Tiirkiye‘deki milli park sayisina iliskin
yeterli bilgiye sahip olmadiklarini gostermektedir.

Ayrica Kazdagr Milli Parki, Truva Tarihi Milli Parky,
Gelibolu Yarimadasi Tarihi Milli Parki ve Spil Dag1 Milli Parki en
bilinen parklar olarak aragtirmada ortaya ¢ikmustir. Fakat bizim
calismamizda Kus Cenneti, Yedigdller, Nemrut Dagi, Sultan
Sazligi, Uludag ve Spil Dagi seklinde bir siralama ortaya
cikmugtur.

Bulgu-5:  “Milli  parklann  ekolojik  farkindaligin
olusmasindaki rolii ne olur?” sorusuna 18 dgrenciden K13 hari¢
17 Ogrenci cevap vermistir. Calismamizin bu sorusu, diger
sorulara verilen cevaplara gore sekillenmistir. Clinkii milli parkin
tanimini, milli parklarin hangileri oldugunu, milli parklarda hangi
unsurlarin ve cografi 6zelliklerin bulundugunu bilmeden ekolojik
farkindaligin olusmayacagi kanaati olugsmustur.

Ogrencilerden alinan bilgilere gore milli parklarin ekolojik
farkindaligin olugmasinda kesinlikle bir etkisinin oldugu ve
olacagi yondedir. Milli parklarin dogal, tarihi ve kiiltiirel
zenginlik alanlari oldugunu (K1, K2, K5, K11, K12, K14), bu
alanlarin insanlar tarafindan Oncelikle bilinmesi ve taninmasi
gerektigini (K4, K6), hayvan ve bitkilerin varliginin farkina
varilmasi, koruma hissini vermesi (K10) agisindan bir ekolojik
farkindalik olusturacagi diistiniilmektedir.

Asagida katimecilarin yaptiklar1 aciklamalardan bazi
ornekler yer almaktadir:

K1: Dogal giizelliklere sahip alanlar oldugundan, insanlarin
buralara gelmesi ve milli parklari gezmesi bilinglenme ve
farkindalik agisindan dnemlidir.

K4: Nesillerin  korunmast ve tiirlerin  devamliliginin
saglanmasi, dogaya ve park icerisinde canli yasama bilingli
bireyler yetistirilmesi.

KS5: Korunan alanlarin giizelligini goren insanlar baska
alanlarin da korunmasi gerektiginin farkina varw. Ayni zamanda
insanlar dogayr kullanirken daha dikkatli davranr.
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K6: Bir alanin milli park ilan edilip korunmasindan sonraki
degisimi géren insanlarin ekolojik farkindaligr artar. Bu alanlar
gezip goren insanlarda daha bilingli hale gelir.

K7: Bozulmayan ekolojik ortamlar insanlar igin her zaman
ilgi odagr olmustur. Bu a¢idan milli parki géren insanlar biitiin
cevresinin bir milli park hassasiyeti ile korunmasina onem
gosterebilir.

KS8: Milli parklar insanlarin gezip gordiigii yerler oldugu i¢in
insanlarda dogaya ve tarihe sahip ¢itkma giidiisiinii ortaya
ctkarabilir. Cevrenin korunmasinda biling olusturur. Gelecek
nesillere bozulmamis alanlar birakma duygusunu gelistirir.

K10: Insanlar ¢evrelerine karst daha duyarli olurlar. Cevreyi
temiz tutmaya ézen gosterirler.  Sirdiiriilebilir  ¢evrenin
olusturulmasi i¢in ¢aba gosterirler. Her tiirlii bitki ve hayvanlara
sicak davranmirlar, onlart korurlar.

K12: Dogal kalan bazi yerlerin koruma altina alinmasi dogal
kalamayan bozulan yerlerle karsilastirildiginda aradaki farkin
goriilmesi ekolojik farkindaligin olusmasinda etkilidir. Béylece
insanlar ¢evreye daha duyarl olurlar.

K15: Milli  parklar ekolojik ¢esitliligin ¢iplak gozle
goriilebildigi en rahat alanlardir. Herkes park iginde yer alan
canli ve bitki ¢esitlerini kendisi gézlemleyebilmektedir.

K17: Milli parklar insanlarin dogal alanlar: gezerken daha
bilingli  olmasinda, yasadigimiz diinyada boyle alanlarin
bulunmast  zorunlulugunu anlatmast agisindan  biiyiik  bir
Sfarkindalik olusturabilmektedir.

Milli parklar1 bilen ve gezen insanlar ve onlar sayesinde diger
kisilerin de ¢evrelerine daha duyarli olacag1 (K5, K7, K18), bir
egitim ve bilgilenme sahasi olmasi nedeniyle de milli parklarin
ekolojik farkindaligin olusmasinda etkili olacag: ifade edilmistir.

5. Sonug¢ ve Tartisma

Diinyada ve Tiirkiye’de milli parklar1 inceleyen cesitli
arastirmalar vardir (Karatas, 2011 ve Oztura, 2010). Ozellikle
gevre egitimi uygulamalarinin mekansal uygulama sahalari olarak
milli parklarin gesitli akademik c¢alismalara konu edinildigi
goriilmektedir (Yasar ve Seremet, 2008; Keles vd., 2010). Ayrica
TUBITAK 1999 yilindan bu yana milli parklarda, yetiskinlere
yonelik cevre egitimi projelerini desteklemesi (TUBITAK, 2010),
bu alana yonelik ¢aligmalarin artmasina destek saglamaktadir.

Aydogdu ve Gezer (2007), g¢evre egitiminin amacini,
insanlarin ekolojik ¢evrelerini ve bu cevre igindeki yerlerini
kavramada, birey ve toplumun sorumlu bir katilim i¢in gerekli
becerileri kazanmalarina yardim etmek olarak agiklamaktadirlar.
Milli parklarin ekolojik farkindalik olusturmas: da bu baglamda
onemlidir. Milli park kiltiirii ¢evre egitiminin tamamlayici
unsurlarindan biri olabilecektir. Ancak Yasar ve Seremet (2008)
milli parklar ile etkilesim gerceklestirmeden saglikli bir milli park
egitiminden s6z etmek miimkiin degildir. Bu nedenle milli park
egitimi sinif i¢i oldugu kadar, sinif diginda da milli parklarla i¢ ige
olmalidir. Bu agidan bakildiginda 2005 Ortadgretim Cografya
Dersi Ogretim Programi’nda yer “Milli Park” kavrami
uygulamali olarak milli park sahalarinda gosterilerek
anlatilmalidur.

Milli parklarin agik alanda ve ¢ok biiyiik sahalar olmasi
acisindan arazi ¢aligmalart ile dort duvar disina ¢ikilarak yerinde
gorerek ve yasayarak egitim verilmesi milli park bilincinin
olusturulmasi agisindan énemlidir. Zaten sinif dis1 ve uygulamali
olarak yapilan egitimin daha sonu¢ odakli bilinmektedir. Piller
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(2002) yapmus oldugu aragtirmasinda, sinif dis1 egitimi kullanmis
ve arastirmasinin sonucunda, olumlu gevresel ¢iktilar da elde
etmistir. Ekopedagoji temelli ¢evre egitiminin katilimcilarin
cevresel farkindaligini arttirmada yiiksek diizeyde etkili oldugu
sonucuna ulasmistir (Okur Berberoglu, 2015). Oz, Bakir ve
Yildirnm  (2013)  c¢aligmalarinda  &gretmen  adaylarinin
%74,52’sinin, 6gretmen olduklarinda milli parklar konusunda
bilgilendirmek i¢in Ogrencilerini milli parklara gotiirmek
istediklerini belirtmislerdir.

Ekolojik farkindalikta milli parklarin etkisini inceleyen bu
calismada ortaya ¢ikan sonuglar ile 2008 yilinda, Edirne Gala
Golii Milli Parki’ndaki TUBITAK destekli proje sonucunda
katiimcilarin -~ verdikleri  cevaplar  Ortiigmektedir.  Cilinkii
katilimcilar “diinyaya bakis agilarinin olumlu yonde degistigini,
bu durumdan da mutlu olduklarini, ¢cevreye karst kendilerini daha
sorumlu  hissettiklerini  ve  edindiklerini  etraflarn  ile
paylasacaklarini belirtmistir” (Giiler, 2009). Ciinkii Atasoy ve
Ertiirk (2008)’e gore cevre icin egitimin temel amaci, bireyin
cevresini bir biitlin olarak kavramasi, cevreyle etkilesiminde
elestirici bir bakis gelistirmesi, ¢evre ile ilgili konularda duyarls,
bilingli, girisken bir “eko-yurttas”, gezegenine sahip ¢ikan “diinya
vatandag1” olarak yetismesidir.
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Karistirma Siiresinin Toz Metaliirjisi ile Uretilen Alasimsiz Celiklerin
Mekanik Ozelliklerine Etkisi

Mehmet Akif ERDENY

! Karabiik Universitesi, TOBB TB MYO, Makine ve Metal Teknolojileri Boliimii, makiferden@karabuk.edu.tr

(Dergiye gonderilme tarihi: 24 Eyliil 2016, Kabul Tarihi: 05 Aralik 2016)
Oz
Bu ¢aligmada, toz metaliirjisi (TM) ile iiretilen alasimsiz ¢eliklerde karigtirma siiresinin mekanik 6zellikler tizerine etkisi arastirilmistir.
Belirlenen kimyasal kompozisyonda 0,5-1-1,5-2 ve 2,5 saat karistirilan tozlar, ASTM (E 8M) toz metal malzeme standartlarina uygun
¢ekme numunesi seklindeki kalipta 750 MPa presleme basincinda tek yonli sikistirilarak blok haline getirilmistir. Presleme iglemi
gerceklestirilen numuneler azot atmosferinde 1300°C sinterleme sicakliginda 1 saat sinterlenmistir. Uretimi gerceklestirilen TM

celiklerinin mikroyapisi optik mikroskop, SEM ve EDS ile karakterize edilmistir. Sonuglar 1,5 saat karistirilmig TM c¢eliklerin en yiiksek
akma dayanimina (Y'S) ve ¢ekme dayanimina (UTS) sahip oldugunu gostermistir.

Anahtar Kelimeler: Toz metaliirjisi; Toz metaliirjisi ¢elikleri; Karigtirma siiresi; Mikroyapi; Mekanik 6zellikler.

The Effect of Mixing Time On Microstructure and Mechanical
Properties of Non Alloyed Steels Produced by Powder Metallurgy
Method

Abstract

In this work, the effect of mixing time on mechanical properties of non-alloyed PM steels were investigated. The mixed powders which
mixed 0.5-1-1.5-2 and 2.5 hours were prepared in the proportion that had determinated were pressurised under 750 MPa unidirectionally.
Samples of the tensile experiment were turned into blocks by squeezing with the mould which had been prepared according to ASTM
(E 8M) standards of powder metal material tension sample. The pressurised samples were sintered at nitrogen setting at 1300 °C during
1 hour. The microstructure of the PM steels was characterised by optic microscope, SEM and EDS. Results indicated that PM steel
mixed at 1.5 h showed the highest values in yield strength (Y'S) and ultimate tensile strength (UTS).

Keywords: Powder metallurgy; Powder metallurgy steels; Mixing time; Microstructure; Mechanical properties.

islenmesi zor bazi pargalar kolaylikla ve istenilen bilesimde

1. Giris

Toz metaliirjisi (T/M) yeni bilinen bir islem olmamasina
ragmen ancak 20. ylizyilin baglarinda endiistriyel bir islem olarak
kullanilmaya baslanmistir. Baglangigtan giiniimiize T/M yontemi
degisik alanlarda genisleyerek kullanilmaktadir. Takim celikleri,
paslanmaz ¢elikler, siiper alagimlar gibi malzemelerin iiretimi
T/M yontemiyle yapilabilmektedir (Erden (2015); Taskin ve
Caligiilii (2006); Karabulut ve ark. (2014)). Bu yontem ile iiretilen
pargalar, diger yontemler ile iretilen pargalara oranla daha
piiriizsiiz  yiizeye sahip ve c¢ogu zaman ikincil islem
gerektirmemektedir. T/M ile seri Tlretimde ilk kullanilan
malzemenin yaklasik %97 sinin kullanildig1 tespit edilmistir. Bu
dogrultuda parganin daha ucuz, diger yontemlerle iiretilmesi ve

iiretimi gergeklestirilmektedir (Saritas ve ark. (2007)).

Toz metaliirjisinde karistirma islemi degisik boyut, sekil ve
yogunluktaki tozlarin homojen olarak karigmasini ve bdylece
presleme ve sinterleme performanslarinin yiiksek olmasini saglar.
Herhangi bir yaglayici ilavesi yapilmaksizin preslenen tek
bilesenli sistemler diginda, diger tiim sistemlerde karistirma
islemi her zaman uygulanir. Farkli toz tiplerinin homojen
dagilimmi saglamak i¢in karigtirma gereklidir. Karigtirma
sirasinda bazi problemler mevcuttur. Bunlar; rutubet, asir
karigtirma, boyut farki, yogunluk farki ve akis karakteristik
farkidir (Saritas ve ark. (2007); Caligiilii ve Agik (2015)).

Celikler ise mihendislik uygulamalarinda kullanilan
malzeme gruplart igerisinde vazgecilmez bir yere sahiptir.
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Ozellikle ikinci diinya savasindan sonra her gecen giin birgok
sektorde celik gereksinimi artis gostermektedir. Dayanim/agirlik
oraninin yiikselmesiyle daha ince ve hafif ¢eliklerin gelistirilmesi
neticesinde {iiretim ve isletme giderlerinin birim maliyetinin
distiriilmesi saglanmistir (Erden ve ark. (2014); Okumus ve
Karabulut (2015)).

Literatiirde TM celigi iiretimi ve mikroyap1t mekanik 6zellik
iligkisi hakkinda bazi ¢aligmalar mevcuttur.( Erden ve ark. (2016);
Erden ve Gokge (2016)). Ornegin Erden ve Gokge (2016)
¢aligmalarinda TM yontemiyle Nb-V mikroalagimli ¢elik
iretmislerdir. Sinterleme islemini 1350°C’de 60 dakika argon ve
%90 Azot-%10 Hidrojen ortaminda bekleterek gergeklestirmis
olup Nb-V orant (% 0,1-% 0,2) yiikseldikce akma ve ¢ekme
dayaniminda bir artig oldugunu tespit etmislerdir. Bu durumu
sinterleme sirasinda ve sinterleme sonrasi soguma sirasinda
NbC(N) ve VC(N) gibi ¢okeltilerin olugmasina baglamislardir.

Bu calismada, fark: karigtirma siiresi uygulanmis alagimsiz
celik iiretimi gerceklesmistir. Karigtirma siiresinin alasimsiz
celige mikroyapt mekanik 6zellikler agisindan nasil etkiledigi
aragtirilmigtir.

2. Meteryal Metod

Bu calismada, alasimsiz g¢elik numuneler toz metaliirjisi
yontemiyle agirlik olarak % 0,55 grafit ve demirden olusan
bilesimde farkli karistirma siirelerinde {iretilmiglerdir. Karigtirma
stiresinin toz metaliirjisi ile liretilen alasimsiz ¢eliklerin mekanik
ozellikleri tlizerine etkisi arastirilmigtir. Karistirma islemi
oncesinde tozlar RADWAG AS-60-220 C/2 marka hassas terazi
ile 0,0001 hassasiyetinde tartilmigtir. Tartimi yapilan tozlar
Turbula marka ii¢ eksenli karigtirici ile 0,5-1-1,5-2 ve 2,5 saat
stireyle bilyesiz olarak karigtirilmigtir.

Yaglayici olarak Zn-stearate kullanilmistir. Karistirilan tozlar,
ASTM (E 8M) toz metal malzeme standartlarina uygun ¢ekme
numunesi seklindeki kalipta 750MPa presleme basincinda tek
yonlii sikistirilarak blok haline getirilmistir. Sekil 1, tozlarin
tartiminda kullanilan hassas teraziyi (a), karistirma igleminde
kullanilan turbula cihazini (c) ve sikistirma isleminde kullanilan
presi (b) gostermektedir.

Sinterlenen ¢ekme numuneleri 1 mm/dak. ¢ekme hizinda
¢ekme deneyi uygulanarak koparilmistir. Her deney sonrasinda
gerilme-% gerinim diyagramlar1 elde edilerek karistirma
siiresinin mekanik 6zelliklere etkisi belirlenmistir.

Sekil 1. Deneysel ¢calismada kullanilan (a) Hassas Terazi, (b)
Hidrolik pres ve (c) Turbula (toz karistirict) cihazimin gériintiisii.

Sinterleme islemi numunelerin sinterleme sicakligina
5°C/dak. hizla 1sitilmast ile baglamigtir. 350°C’de biitiin
numuneler ¢inko steareati buharlagtirmak i¢in 30 dak.
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bekletilmistir. Sicaklik 1300°C sinterleme sicakligina ulastiktan
sonra numuneler bu sicaklikta 1 saat tutulup ardindan oda
sicakligina 5°C/dak. hizla sogutulmustur. Sekil 2, atmosfer
kontrollii firim1 gostermektedir.

Sekil 2. Deneysel ¢calismalarda kullanilan Atmosfer kontrollii
Sfirmin goriintiisii.

Mikroyapt incelemeleri X50-X1000 biyiitme kapasiteli
Nikon Epiphot 200 marka optik mikroskop ile gerceklestirilmistir.
En yiiksek dayanim elde edilen numunenin degisik bolgelerinden
farkli biiyiikliiklerde goriintiiler alinarak bu goriintiilerin biitiin
mikroyapry1 temsil edebilir nitelikte olmasina dikkat edilmistir.
Daglama islemi numunelerin %2 nital soliisyonu igerisine
daldirilarak 4-8 sn bekletilmesiyle ger¢eklestirilmistir. Daglama
islemi tamamlandiktan sonra daglanan yiizeyler methanol ile
temizlenip kurutulduktan sonra optik mikroskopta incelemeye
hazir hale getirilmistir. Numunelerin yogunluk 6lgiimleri, Arsimet
prensibiyle saf su kullanilarak belirlenmistir. Toz metal geliklerin
perlit oranlar1 Gladman ve Woodhead'n tanimlamis oldugu
metalografik nokta sayim metodu kullanilarak yapilmustir.

3. Bulgular ve Tartisma

3.1. Mekanik Ozellikler

Sekil 3, sinterlenen numunelerin  gerilme-uzama
diyagramlarini gosterirken Tablo 1 ise akma, ¢ekme ve % uzama
degerlerini gostermektedir. Sekil 3 ve Tablo 1'de goriildiigii gibi
karistirma siiresinin 0,5 saatten 1,5 saate kadar artmasi ile
alasimsiz ¢elik numunelerin akma ve ¢ekme dayanimi ve %
uzama degerlerinde bir artis goézlenmistir. Ayrica karigtirma
stiresinin 2 ve 2,5 saat uygulanmasi ile mekanik ozelliklerde
belirgin bir degisim gdzlenmemistir. Benzer c¢aligmalarda
karigtirma siiresinin artmasi ile paralel sekilde dayaniminda artis
goriildiigii ve karistirma stiresinin belli bir siire ge¢cmesinden
sonra mekanik o6zellikleri olumlu yonde degistirmedigi tespit
edilmistir. Ornegin Supati ve ark. (2000) ve Liu ve ark. (2005)
yaptiklart ¢aligmalarda karistirma siiresinin artmasi ile iretilen
malzemenin mekanik 6zelliklerini iyilestirdigi ancak belli
noktadan sonra dayanima katki saglamadigini tespit etmiglerdir.
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Sekil 3. Farkli karistirma siirelerinde tiretilen alagimsiz TM
celiklerin gerilme-uzama diyagramlari. (a-0,5 saat; b-1 saat; c-
1,5 saat; d-2 saat; e-2,5 saat).

Tablo 1. Karistirma stiresine gorve TM celik numunelerin akma,
cekme ve % uzama degerleri.

Sekil 4. Numune 3'in mikroyapi goriintiileri (1000X).

Toz metaliirjisi ile tretilen pargalarin mekanik 6zellikleri
gozenek orani ile iliskilidir. Gozenekler gerilimin yogunlastigi
merkezler olarak davranirken, catlak ilerlemesine de katki
saglamaktadir (Askeland (1996)). Sinterleme sonrasi dogal olarak
yogunlagma bir miktar artmistir. Tablo 2°de sinter sonrasi
yogunluk degerleri verilmistir. Yogunluk degerleri genel olarak %
92 civarindadir. Sinter sonrasi bir yogunluk artist olmustur.
Yogunluk artist ile parga igerisindeki gdzenek miktarini disiis
gbzlenmis olup yogunlugun artmasi mekanik 06zellikleri
iyilestirmektedir (G6kmese ve Bostan (2014)).

Tablo 2. TM c¢elik numunelerin Yogunluk ve % goézeneklilik
miktart.

Bilesim Akma D. Cekme D. %
(MPa) (MPa) Uzama

Numune 1 95 219 7
(0,5 saat)

Numune 2 92 263 12
(1 saat)

Numune 3 145 292 12
(1,5 saat)

Numune 4 134 289 11
(2 saat)

Numune 5 141 288 10
(2,5 saat)

3.2. Mikroyap1

Numune 3’{in mikroyapi resimleri Sekil 4’de goriilmektedir.
Sekilden anlagildig: gibi yap1 ferrit ve perlit fazlarindan meydana

gelmektedir.  Sekil 4’de  gorilen mikroyapt  resimleri
incelendiginde  tane  smurlarinda  kismen  kapanmamig
gozeneklerin  oldugu tespit edilmistir. Bir¢ok kaynakta

gozenekliligin dayanimi olumsuz etkiledigi belirtilmekle birlikte
gozeneklerin ¢ok kiigiik ve kiiresel sekilli olmasinin dayanimi
diistirmedigi bildirilmistir (Saritas ve ark., (2007)).

S. sonrasi S. sonrasi Gozenek
Bilesim Yogunluk Yogunluk Miktari
(9/cm3) (%) (%)
Numune 1 6,969 88,88 11,12
(0,5 saat)
Numune 2 7,251 92,62 7,38
(1 saat)
Numune 3 7,239 92,47 7,53
(1,5 saat)
Numune 4 7,242 92,50 7,50
(2 saat)
Numune 5 7,233 92,39 7,61
(2,5 saat)

Tablo 3. Numune 3’tin % ferrit, % perlit ve ortalama tane

boyutunu vermektedir.

Tablo 3. Numune 3’iin % ferrit, % perlit ve ortalama tane boyutu.
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Ferrit Perlit Ort. Tane
Bilesim Miktar1 Miktar1 Boyutu
(%) (%) (um)
Numune 3 79.5 21,5 31,3

3.3. SEM ve EDS Analizi

Sekil 5’de verilen Numune 3’iin SEM goriintiisii
incelendiginde optik mikroskopta alinan mikroyap1 goriintiisiinde
oldugu gibi yapinin ferrit ve perlit yapida oldugu tespit edilmisgtir.
Ayrica nokta EDS analiz sonuglari bu ¢okeltilerin 1 nolu
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spectrumda matristen alinan 3 nolu spectruma gore daha fazla
karbon icermesi ve daha az oranda demir icermesinden dolayi 1
nolu spectrumun bulundugu yerlerde Fes;C ¢okeltilerinin meydana
geldigini gostermektedir. Benzer calismalar bu c¢okeltilerin FesC
cokeltisi oldugunu desteklemektedir. Ornegin Erden ve Gokce
(2016) yaptiklar1 calismada 1350°C’de argon ve %90 Azot-%10
Hidrojen ortaminda Nb-V mikroalasim c¢eligi tiretmislerdir.
Alasim miktar1 artmasi ile dayanimda bir artis gézlemlemislerdir.
Aldiklar1 SEM EDS analizlerinde NbC(N), VC(N) ve Fe;C
¢okeltilerini tespit etmiglerdir. Nb-V miktarinin artmasi ile elde
edilen dayanimdaki artigin matris igerisinde olusan bu ¢okeltiler
sayesinde oldugunu ileri stirmiislerdir.

cps/eV
3 Fe

r Y Y
3 @ 5 6
kev

Sekil 5. Numune 3’iin SEM de alinan nokta EDS sonucglari.

4. Sonuclar

Toz metaliirjisi yontemiyle farkli karistirma siiresi
uygulanarak alasimsiz ¢elik {iretimi gerceklestirilmis olup
karigtirma siiresinin mikroyapt ve mekanik ozellikler {izerine
etkileri incelenmis ve sonuglar asagida 6zetlenmistir;

Biitiin karigtirma siireleri i¢in 1,5 saat karigtirma islemine tabi
tutulmus numunenin en yiiksek akma dayanimina (Y'S) ve cekme
dayanimina (UTS) sahip oldugu goriilmiistiir. Alasimsiz TM ¢elik
numuneler i¢in ideal karistirma siiresi 1,5 saat olarak tespit
edilmistir.

Karistirma siiresinin 1,5 saatten 2 ve 2,5 saate ¢ikmasi ile
akma dayanimi (YS) ve ¢ekme dayaniminda (UTS) belirgin bir
diisiis gdzlenmemistir.
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