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sebep sonug iligkisini inceleyen, bu konu ile ilgili tahminler

yapabilmek igin matematiksel model kuran tekniktir. Bu ANAHTAR KELIMER
calismada, fiyata etki eden degiskenler ile fiyat arasindaki gﬁg‘;;;ﬁ?’;ﬁﬁg%”ﬂg?’len
dogrusal baginti incelenmigtir. 12 aylik Bezostaja bugday

cesidi verisini modelleyen ¢oklu regresyon analizi ile Makale Tiri )
parametre tahmin yontemleri karsilastirimaya caligiimigtir, Arastima makalesi
Model parametrelerinin tahmin edicilerinden; En kiguk kareler

yontemi (EKK), En kigiuk mutlak sapma regresyon (LAD)

yontemi, M-Regresyon yodntemi, Parametrik olmayan

regresyon ydntemi, Bayes regresyon yontemi ele alinmistir.

Coklu lineer regresyon modeline mevcud verilere s6z konusu

yontemler uygulanarak tahminler yapilmis ve sonuglar

karsilagtirilarak uygun tahmin yontemi o6nerilmistir. Bu

calismada kullanilan veri seti icin Parametrik Olmayan

Regresyon tahmin yontemi uygun bir tahmin edici olarak

gorulse de HKO ve AIC kriterine gére EKK tahmin yontemi bu

veri seti igin en uygun yéntemi olarak éne ¢ikmaktadir.
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ABSTRACT
Regression analysis is a technique which examines the reason and
result between two or more variables and creates a mathematical
model in order to make a prediction on the subject. In this study, the
linear relationship between the variables that affect the price and the
price itself has been examined. Multiple regression analysis modeling
for 12 months Bezostaja wheat varieties data and parameter
estimation methods were tried to be compared. Estimators of model
parameters; Least squares method (LS), Smallest absolute deviation
regression method (LAD), non-parametric regression method, M-
regression method and Bayes regression method. In the multiple
linear regression model, estimates were made by applying these
methods to the available data, and the appropriate method was
proposed by comparing the results. Under these circumstances,
although non-parametric regression estimation method seems to be a
convenient estimator, according to the MSE and AIC criteria, LS
estimation method steps forward as the most convenient method for
this data set.
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Giris

Bugday {iretiminde {iretim masraflar1 (tohum, sulama, ilaglama, toprak isleme vb.)
yaparak elde ettikleri irlinlin fiyatim etkileyen bazi faktorler bulunmaktadir. Bugday
fiyatin etkileyen unsurlar Toprak Mahsulleri Ofisi (TMO) tarafindan; hektolitre agirlig,
kirik dane orani, kusurlu dane orani, siine/kimil tahribatina ugramis dane orani,
¢cimlenmig/filizlenmis dane orani, diger muhtelif madde orani, donmeli dane orani, protein
orani ve rutubet orani seklinde belirlenmistir (Anonim 2010a).

Istatistiksel analizlerin iginde ok kullamilan regresyon analizi tepki (bagimli) degiskeni
denen bir degisken ile agiklayici (bagimsiz) degiskenler arasindaki bagmtinin
belirlenmesinde ve bu baginti yardimiyla ¢ikarilacak istatistiksel sonuglarm elde
edilmesinde kullanilan yontemlerden olusmaktadir. Regresyon analizi yapilmasindaki
amag; tepki degiskenini agiklayict degigskenlerin bir fonksiyonu olarak ifade etmek ve bu
fonksiyon yardimiyla tepki degiskeninin degerlerini tahmin etmek, 6ngdrmek, agiklayici
degiskenlerin tepki degiskeni iizerindeki etkilerini tahmin etmek, tepki veya agiklayici
degiskenlerin etkileri ile ilgili 6ne siiriilen hipotezleri test etmek olabilir. Fiyat
olusumunda etkili olan hektolitre agirlig, kirik dane orani, kusurlu dane orani, siine/kimil,
rutubet orani gibi ¢ok sayida faktdre bagli olarak sebep-sonug bagintisi ortaya konulabilir.
Bu bagmti ¢oklu regresyon analizi ile istatistiksel olarak aragtirilabilir. Fiyat, bagimh
degisken olup diger faktorler bagimsiz degisken olarak ele alinmustir. Coklu regresyon
yonteminde bagimli degiskenin gergek Olgiileri ile bagimsiz degiskenlerden elde edilen
kestirim odlgiileri arasindaki uzakligi en kiigiik yapan regresyon katsayilarinin tahmini En
Kiiciik Kareler kestirimi (EKK) ile hesaplanmaktadir (Akdeniz ve Oztiirk 1996,
Karadavut, 2005).

Regresyon analizinde elde edilen denklem, parametre tahmini igin kullanilmak
isteniyorsa; hata terimlerinin beklenen degerlerinin ortalamasinin O (sifir) olmasi,

varyanslarm homojen olup o’ ye esit olmasi, hata terimleri ile agiklayic1 degiskenler
arasinda korelasyon bulunmamasi gibi bazi varsayimlarin saglanmasi gerekmektedir
(Alma ve Vupa, 2008). Ancak hata terimlerinin dagilimi normal dagilim oldugu zaman
EKK ydntemi en ¢ok olabilirlik yontemiyle (MLE) ayni olmaktadir.

Hatalarin dagilimi normal dagilim olmadigi durumlarda, gozlenen verilerde aykiri
gozlemler ya da ug noktalar veya bozulma noktalar1 olmasi durumunda EKK yontemi ile
bulunan tahminlerde varsayim bozulmalariyla karsi karsiya kalinabilinmektedir. Bu
nedenle bugday fiyatin1 etki eden faktorlere ait verilere lineer regresyonda En Kiigiik
Kareler yontemine alternatif olan Lad Regresyon, Parametrik Olmayan Regresyon, Bayes
Regresyon, Robust Regresyon ve benzeri tahmin yontemleri uygulanabilir. Bu galigmada,
En Kii¢iik Kareler yontemine alternatif olan LAD Regresyon, M-regresyon, Parametrik
Olmayan Regresyon ve Bayes Regresyon yontemlerinden en uygun yontem bulunmaya

calisilmigtir. Tahmin yontemlerinin se¢iminde Coklu belirtme katsayisi (Rz), Akaike

bilgi kriteri (AIC) ve Hata kareler ortalamasi1 (HKO) dikkate alinmugtr.

Parametrelere gore lineer olan ¢oklu lineer regresyon modelinde, Y;; bagiml degisken,
X ; > bagimsiz degiskenler, ﬂ ;5 J. regresyon katsayisi ve €, ; i. hata terimi ve model
fonksiyonu,
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Y =B, +px,+Bx,+.+Bx, +e ,i=12,.,n (1)

regresyon denklemi ile ilgili;

Y, I X, xy, X || Bo &
Y, L ox, x, « x| B &

= + (2)
Y, Lox, x x5 &,

gosterimleri altinda regresyon denklemi;

Y=Xp+¢ A3

bigiminde yazilabilir. Hata terimi ¢ nun dagilimima bagh olarak i ler normal dagilimh
oldugunda modellere "hipotez modeli" denir.

Amac

Bu aragtirmanin amaci1 bezostaja bugdayinin iiretiminde tiretim masraflar1 yaparak elde
ettikleri {iriiniin fiyatin1 etkileyen bazi faktorlerin, bugdaymn fiyatina olan etkileri
belirlenmek istenmistir.

Bu amag icin su sorulara cevaplar verilecektir.
1- Bugday fiyatina hektolitre agirliginin etkisi var midir?
2- Bugday fiyatina siine tahribatinin etkisi var midir?

3- Bugday fiyatina rutubetin etkisi var midir?

Yontem

Bezostaja Bugday c¢esidinin kullanildigi bu ¢aligma Konya Ticaret Borsasindan alinan
2004 yilina ait 12 aylik veri incelenmistir. Fiyati diger degiskenlerin (siine, hektolitre ve
rutubet gibi) ne sekilde etki ettigini dogru bir sekilde belirleyebilmek i¢in, EKK, LAD,
M-Regresyon, Parametrik Olmayan Regresyon ve Bayes Regresyon tahmin yontemleri
uygulanarak en uygun tahmin yontemi tercih edilmek istenmistir. Esitlik (1) ile belirtilen
lineer regresyon modelinde aykir1 degerler oldugunda EKK tahmin yonteminin bu aykiri
degerlerden etkilendigini ileri siirerek LAD regresyon tahmin yontemi elde edilmistir.
Ayrica Huber 1964 yilinda aykir1 degerlerin etkisini azaltmak amaciyla M regresyon
tahmin yontemini gelistirmigtir.



En Kiiclik Kareler Regresyon Yontemi
Lineer regresyon modelinin matris gdsterimiyle,

Yon=X,,B

nxl — nxp I~

+¢& “)

2 Wm P
€ ile ilgili klasik varsayimlar £ N (0’0 ) modelinde BeR parametresinin

tahmin edilmesi problemini ele almsin. Yontem olarak en kiiciik kareler yontemi
diistintiliirse,

min(Y — X f)/(Y - X ) = min(Y'Y ~24'X'Y + S XX ) )

B

optimizasyon problemini ¢6zmek i¢in &~ ya gore tiirev alinip sifira esitlendiginde,

XXB=X'Y (6)

normal denklemlerine ulasilir. X tam siitun rankli yani,

rank(X) =rank(XX)=p (7)

oldugundan,

f=XX)"'X'Y ®)

¢dziimii bulunur (Birkes ve Dodge,1993). L &rneklem olmak iizere Y hin bir fonksiyonu

B

olan £, ~ i¢in bir tahmin edici olmak {izere bu tahmin ediciye en kiiclik kareler
tahmin edicisi denir.

Lad Regresyon

Mutlak en kii¢iik sapmalar (LAD) regresyonu i¢in esitlik (1) deki lineer regresyon modeli
g6z Oniine alindiginda,

DN =B+BX, e+ BX] 9)

seklinde elde edilir. Bir noktadan gegen en iyi dogru algoritma iiretilerek bulunur.
Algoritma i¢in vektor gosterimi;
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By X
p=| 1], x=|:
/ék X

bicimindedir. Esitlik (9), = [V~ 8% | sektinde elde edilir. Burada amag bu degeri
minimize eden # ' vektoriinii bulmaktir. Algoritmaya B vektoriiyle baglanilir. Sonra
Z ‘Yz - ﬂ’\ ‘X i‘ 3

’nin minimum degeri veren daha iyi bir vektdr bulunarak, A nmen iyi

vektorii hesaplanir. Her adimda B tahminleri vektoriinden daha iyi bir B vektori,
p =p+td (10)

bigiminde elde edilir. Esitlik (10) daki vektoriin bulunabilmesi i¢in yon vektorii ¢ ve 4
degerlerinin hesaplanmasi1 gerekmektedir. ? degerini bulmak igin esitlik (11) minimize
edilir.

Z‘K—(ﬁ’+td),Xi‘
(11)

Burada; Z, =Y, -p'X i, W,=dX, doniisiimil yapilarak,

|Zi_tWi|

(r-%,)- (X, - X,)

>

elde edilir (Birkes ve Dodge, 1993). Elde edilen bu deger z

u minimize edecek #° y1 bulmak i¢indir. Daha sonra Zf/ . oranlar1 hesaplanarak,

kiigiikten biiyiige siralanir. Z ve # bu siraya gore siralanarak K indeksi hesaplanir.

et <57
- >3 T

Burada, r= Z |W"| > dir. I y1 minimum yapan deger Z /W dir. Algoritmanin her

(p+1)

bir adiminda P bagimsiz degisken sayisindan bir fazla yon vektorii vardir. Her

bir df vektoril i¢in (+) pozitif yon oldugu gibi (-) negatif yonde mevcuttur. Bu nedenle
bagimsiz degisken sayisinin bir fazlasmin iki kati sayida yon vektorii olacaktir.

S| (5 ) x,

vektori secilir.

degerinin miimkiin oldugunca = 0 degerine yaklastiran yon



M-Regresyon Regresyon

M — Regresyon i¢in ¢oklu regresyon modelindeki Huber M tahminleri;

S (V- (A= pXr s B ) (12)

degerini minimize eden degerler olup

( )_ —-k<e<k e
Y™ e<—hyadak <e  2k|e| -k

(13)

biciminde elde edilir. Huber M-regresyon tahmini B vektorii,

So(r-(b-6x)), P .
> yi minimize eden vektorii olarak tanimlanir (Birkes ve

A

Dodge, 1993). Regresyon katsayist vektorii s ilk olarak EKK ile tahmin edilir. 7’ nin
ilk tahminlerine ulagilana kadar algoritma bu sekilde devam edilir.

Parametrik Olmayan Regresyon

Parametrik olmayan regresyon tahmin yontemi aykirt gozlemlerin bulundugu veri setleri
i¢in giicli bir analiz yontemidir. Aykir1 gézlemlerden dolay1 parametreler bozuldugu icin
birgok yontem en uygun sonucu vermemektedir. Bu nedenle parametrik olmayan
regresyon tahmin yontemine ihtiya¢ duyulmaktadir (Hardle, 1990).

Y.—(AX.+-~-+AX.) 5
AX P farkinin medyant By in parametrik olmayan tahminini
belirler. Esitlik (14) deki deger minimize edilerek bir algoritma iiretilir. Vektor gdsterimi,

n+l1

g(b)=Z[mnk(Yi—b’Xi)— }(Yi—b'Xi) (14)

:(bl"”’bk)’ X, = (X“’...

olup burada, b X ) dir (Birkes ve Dodge, 1993).

B vektorii, € () y1 minimize ederek elde edildiginden EKK ydntemi ile iterasyona

baglanir. g (b) fonksiyonun daha kiigiik degerlerini veren vektorler bulunur. Baslangic
20 oY _ p0 * v _(p0)

vektori B bulunur, p=p+td elde edilir. Burada ¢ ve 9 , Zi =7 (ﬂ ) X

1 —
ul =rank(Z,)-—=(n+1 0 _,,0 - - X
(Z) 2 ( ), W=t e nx1 yektordiir. Xe=Xy=Xo, lerden olusan

d=(x'Xx.) ' xu" w=dX, (. da ‘M)i_wj‘/z‘wi_wj‘

b

NXP> |1k matristir.

agirliklan ile |Z" — A |/|w" - |0ranlar1mn agirlikli medyanidir. Bu sekilde iterasyon
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tamamlanarak 7 * gecerli vektor olur ve iterasyon tekrarlanir (Birkes ve Dodge, 1993).

Bayes Regresyon

Y bagimli degisken vektorii ve & modelin bilinmeyen parametre vektorii olsun. Bayes

yaklasiminda ¢ icin dagilim belirtilmemekte ve veri setine bakmadan 6nce parametre
hakkinda ne bilindigine bakilmaktadir. Boylelikle ilk olarak veri seti vektdrii igin olasilik
dagilimi belirlenir. Genellikle kullanilan dagilim normal dagilimdir. Coklu lineer Bayes
Regresyon modeli,

1 (Bly.0)=cf (Blo)f(3B.0) (15)

olup burada c sabit deger, f ( y| L, O') , v’ nm bir fonksiyonudur. Coklu normal dagilimin

olasilik yogunluk fonksiyonun ortalama vektoriic X ff ve varyans-covaryans matrisi o’l

(I birim matristir.) olup,

1 2

s(lp.e =cexp{— IIy—XﬁII}
”y—Xﬂ”2 —Hy _X:ém ’ +HXﬂALS —Xﬂ”z (Pisagor teoremi)

1 . 2

f(y|,8,0') = cexp[—PHXﬁLS —XﬂH }
Her bir £’ nin sonsal dagilimi EKK tahmini ﬂAEKK dir.

1 '

F(pla)=cexp| =5 =) 1 (5-1)|
20 (17)

2 i
b vektoriiniin varyans - covaryans matrisi O V dir. Onsel bilgiyi elde etmek i¢in b ve

V secilerek 7 |
N o
L=VV b+V.XX P\ (18)

-1
bigiminde elde edilir. Burada, V, = (V_1 + XX ) dir (Birkes ve Dodge,1993).

Secme Kriterleri
Uygun yontemin seciminde Hata Kareler Ortalamas1 (HKO), Akaike Bilgi Kriteri (AIC)

2
ve Coklu belirtme katsayisindan (R ) yararlanilacak olup en biiyiik R’ degeri, en
kiiciik AIC ve HKO degerlerini veren yontem tercih edilecektir.



Coklu Belirtme Katsayisi
2
Coklu belirtme katsayisi (R ), X bagimsiz degiskenlerinin ¥ bagimli degiskenindeki

0<R*<1
( )

toplam varyasyonu agiklayabilme oran ve olup,

. BXY () [n
X¥ -(Xr)

(Newton ve ark 1996). Ancak, R nin 1’e yakin ¢ikmasi modelin iyi oldugu anlamina

(19)

gelmez. Modele herhangi bir parametre eklendiginde ya da c¢ikartildiginda R nin

degerini degistirecektir. Bu nedenle R si biiyiikk olan modeller her zaman en iyi
modeller olmayabilir (Montgomery ve Peck, 1992), (Sahin, 2000).
Akaike Bilgi Kriteri (AIC)

Akaike bilgi kriteri (AIC), farkli modeller arasinda en uygun modeli segmek igin
kullanilmakta olup,

2
AIC = 1n 2. ¢ L2k
n n

(20)
2
Esitlik (20)’ de X sabit terim dahil parametre sayis1 ve ” gozlem sayisini, ¢ ise hata
kareler toplaminin vermektedir. Model karsilagtirilmalarinda en kiiciik AIC degerini
veren model tercih edilmektedir.

Hata Kareler Ortalamasi Kriteri (HKO)

En uygun modeli se¢gmede kullanilan bir diger kriter de Hata kareler ortalamasi kriteridir.
Hata kareler ortalamas1 (HKO) ne kadar kiigiik olursa, beklenen degerle gozlenen deger
arasindaki sapma o kadar kii¢iik olmaktadir.

_1 A%
o= n Z(Y Yi) @1

formiilii ile hesaplanir (Ekinci ve ark., 2016).
Bulgular

Bu ¢alismada, bugdayin fiyatinin olusumunda Toprak Mahsulleri Ofisi (TMO) tarafindan
belirlenen kriterler arasindan siine, hektolitre ve rutubet gibi faktorler baz alinarak
uygulama yapilmistir. Calismada kullanilan veri, Konya Ticaret Borsasindan Konya
bolgesi 2004 yilina ait Bezostaja bugdayi fiyat olusumunda etkili olan hektolitre agirligi,
stine/kimil, rutubet oran1 degerlerini igerir.
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Tablo 1. Konya bdlgesindeki Bezostaja bugdayi fiyati (Y) hektolitre(Xl),

stine (Xz) ve rutubet (XS)

Fiyat Hektolitre Siine Rutubet
4.000 79.1 3.7 8.1
3.880 78.1 47 8.9
3.700 78.6 6.4 12.6
4.000 79.2 3.1 10.1
3.700 77.5 6.0 9.0
3.860 76.8 1.5 8.9
3.770 80.4 34 9.9
3.780 72,5 1.5 10.8
4.070 78.6 1.5 11.8
3.860 721 1.8 9.2
4.040 81.1 3.5 10.1
3.900 77.8 3.8 10.7
3.980 75.2 0.9 9.6
4.000 77.8 1.5 10.1
3.750 79.0 1.3 10.9
3.970 79.3 25 10.6
3.600 71.4 1.9 11.1
3.490 74.2 0.6 9.9
3.870 77.7 44 9.0
3.850 77.8 2.8 11.8

Tablo 1.” deki veri seti kullanilarak,
Fiyat=33 -+ /3 Hektolitre+/3 xSiine+/3 xRutubet ¢

regresyon modeli elde edilmistir.

EKK tahmin yontemine alternatif olarak LAD, M-Regresyon, Parametrik Olmayan
Regresyon, Bayes Regresyon tahmin yontemleri SPSS ve Excel paket programlari

2
kullanilarak modelin Coklu belirtme katsayisi (R ), Akaiki bilgi kriteri (AIC) ve Hata
kareler ortalamast (HKO) elde edilmis olup veri setine en uygun model segilmek
istenmistir. Yapilan hesaplamalar Tablo 2. de 6zetlenmistir.

Tablo 2. Bezostaja bugday verisi igin elde edilen Alternatif Regresyon Modelleri

Tahmin 2

Yontemi Regresyon Modeli R AlC HKO
EKK Y'=1432+354X,-29.3X, -22.3X, 0.344 999 1463476
LAD YZ%ZZ%‘XI_@'BX; _2'12)(; 0.192 14.11  907.998,28

Y=1259.576+3900LY, —48 74X, ~2449X,

M-REGRESYON 0.502 10.01 16.342,28



PARAMETRIK ¥ 1250.576+32.95X, —36.51X, —54L1X,

OLMAYAN 0.697 12.13 125.338,2
¥ =1436+34.81X, —44.62.X, —13.750X,

BAYES 0.359 10.04 15.395,76

Tablo 2. deki sonuglar ele alindigindan EKK tahmin yonteminin HKO degeri 14.634,76
olarak elde edilmis olup diger yontemlere gore daha kiiclik bulunmustur. Benzer bigimde
EKK tahmin yonteminin AIC degeri 9.99 olarak elde edilmis olup diger yontemlere gore

daha kiigtik bulunmustur. Ancak Parametrik Olmayan Regresyon tahmin ydnteminin R?

degeri 0.697 olup diger yontemlerin R’ degerinden daha biiyiik ¢ikmustir.

Tartisma ve Sonuc

Calismada EKK tahmin yontemine alternatif bazi regresyon modelleri verilmeye
calisilmistir. Burada LAD, M-regresyon, Parametrik olmayan regresyon ve Bayes
regresyon tahmin yontemleri incelenmistir. Incelenen Ornege ait belirtme katsayisi en

yiiksek Parametrik olmayan regresyonda R’ - 0.697 olarak bulunmustur. Kullanilan

bagimsiz degiskenlerin, bagimli degisken (x )'deki toplam varyasyonu agiklayabilme orani
nispi olarak 0.697 tespit edilmistir. Kalan 0.303’lik kisim calisgilmayan diger faktorler

nedeniyle olusmustur. R”'nin yiiksek ¢ikmamasi, gozlemler igerisinde aykir gozlemler
olabilecegini ifade etmektedir. Biitiin bu agiklamalarin 1s18inda Parametrik Olmayan
Regresyon tahmin yontemi uygun bir tahmin edici olarak goriilse de HKO ve AIC kriterine
gore EKK tahmin yontemi bu veri seti i¢in en uygun yontem 6ne ¢ikmaktadir.

Oneriler

Parametrik Olmayan Regresyon tahmin ydntemi uygun bir tahmin edici olarak goriilse de
HKO ve AIC kriterine gore EKK tahmin yontemi bu veri seti i¢in en uygun yontem One
¢ikmaktadir.

Bu tiir analizlerde R’'nin yiiksek ¢ikmamasi, gozlemler icerisinde aykiri gézlemler
olabilecegini ifade etmektedir.

Bu tiir aragtirmalarda etki faktorlerinin sinirlar1 genisletilerek daha fazla il verisi ile smir
genisletilebilir.

Arastirmanin Sinirliliklar1 ve Gelecek Arastirmalar
Yapilan aragtirma,
* Arastirma, Konya ilinde bulunan Ticaret Borsas1 2004 verileri ile sinirlidir.
*  Calisma grubunu 2004 yili 12 aylik bugday verileri ile sinirhidir.
*  Verilerin kargilastirilmasinda fiyati etkileyen unsurlar fiziksel unsurlar ile sinirhdir.

Bu simurhiliklar géz 6niinde bulundurularak gelecek arastirmalarda farkli illerde veriler farkll
karsilagtirma tiirleri ile uygulamalar yapilmasi ve farkli {iriin ¢esitlerinde uygulama
yapilmasi Onerilebilir.
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Bu calisma yiiksek lisans tez ¢aligmasindan iiretilmistir. Caligma yazarlart yiiksek lisans
Ogrencisi ve danigmanini icermektedir. Calismanin her asamasinda her iki yazar katki
saglamigtir. Tiim yazarlar makalenin yayinlanmis halini okuyup kabul etmislerdir.
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Extended Abstract

Introduction

In wheat production, there have been some factors that affect the price of the production
by making manufacturing costs such as seed, irrigation, spraying, tillage etc. The factors
affecting wheat price have been determined as hectoliter weight, broken sweet rate,
defective grain rate, sunn pest and insect damaged grain rate, germinated/sprouted grain
rate, other various item rates, rotary grain rate, protein rate and humidity rate by Turkish
Grain Broad (abbreviation for TMO) (Anonymous 2010a).

Regression analysis, widely used in statistical analysis, consists of methods used in
determining the correlation between a variable called reaction (dependent) variable and
explanatory (independent) variables and obtaining statistical results with the help of this
relation. The purpose of regression may be to express the response variable as a function
of explanatory variables and to guess and foresee the values of reaction variable with the
help of this function, estimating the effects of explanatory variables on the response
variable, to test the hypotheses proposed regarding the effects of response or explanatory
variables. The cause and effect relation can be determined depending upon many factors
such as hectoliter weight, broken grain rate, defective grain rate, sunn pest and insect
damaged grain rate, germinated/sprouted grain rate and humidity rate which are effective
in the formation of price. This relationship can be investigated statistically via multiple
regression analysis. The price is the dependent variable and other factors can be
considered as independent variables. In multiple regression method, the estimation of
regression coefficients that minimize the distance between the actual measures of the
dependent variable and the predictive measures obtained from independent variables is
calculated by the Least Squares Estimation (abbreviation for LS in Turkish) (Akdeniz and
Oztiirk 1996), (Karadavut, 2005).

If the equation obtained in the regression analysis is desired to be used for parameter
estimation, some assumptions are needed to be made. For instance, error terms are
required to come from normal distribution, average of expected values of errors need to

be 0 (zero), variations should be homogeneous and equal to o’ and there has to be a
correlation between error terms and explanatory variables. (Alma ve Vupa, 2008).
However, when the distribution of error terms is a normal distribution, the LS method is
the same as the most likelihood method (Faraway, 2005).

For this reason; in linear regression, LAD regression, Non-parametric regression, Bayes
regression, Robust regression and such methods that are alternative to the least squares
method can be applied to the data that belongs to the factors which affect the price of the
wheat. In this study, it is tried to find the most convenient method among LAD
regression, M-regression, Non parametric regression and Bayes regression which are
alternative methods to the Least Squares method. In the selection of estimation methods,

2
multiple specification coefficient (R ), Akaike information criteria (AIC) and error
mean squared (EMS) are taken into consideration.

In multiple linear regression model which is linear according to the parameters, Y";

B

dependent variable, Xy ; independent variables, 7/ ; J: regression coefficient and i ; L

error term and the model function is,
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Y=8+px,+px,+...+Px, +s ,i=L2,..n (1)

related to the regression equation,

Y I x, x, Xy || Bo &
Y, I ox, x, o Xy || B &

= + (2
Y, Lox, x o X, |5 &,

regression equation under notations,

Y=Xp+¢ (€)

Model are called “hypothesis models” when the € is normally distributed depending on

the distribution of error term & .

Purpose

The aim of this research is to determine the effect of the product price factor on the price
of wheat for the production and production of bezostaja wheat.

For this purpose, the following questions will be answered.

Does the hectolitre weight affect the price of wheat?
- Does sunflower damage have an effect on the price of wheat?

- Does moisture have an effect on wheat price?

Method

In this study, in which the Bezostaja wheat was used, the annual data of 2004 for 12
months that has been taken from Konya Commodity Exchange Market is examined.

In order to define correctly how other variables (like sunn pest, hectoliter and humidity)
affect the price by applying LS, LAD, M regression, non-parametric regression and Bayes
regression estimation methods, the most suitable model is desired to be preferred.

When there are outliers in the Linear regression model indicated by Equation 1, LAD
regression estimation method has been obtained by assuming that the LS estimation
method is affected by these outliers. In addition, in 1964, Huber has improved M
regression estimation method in order to reduce the impact of outliers.

Least Squares Regression

With the matrix representation of the linear regression model,



anl :X"Xpénxl +§ (4)
Let’s consider the problem of estimating the Bens parameter in the classical
assumptions about € inmodel £~ (0.07) .

min(Y - X £)(£ - X ) = min('Y ~24'X'Y + XX ) 5)
To solve the optimization problem, when B derivative is taken and equal to zero

XXB=X'Y (6)

normal equations are had. X is full column rank,

rank(X) =rank(XX)=p (7)

because of,

f=XX)"'X'Y ®)

A

solution is found (Birkes and Dodge,1993). Yisa sample, B s a function of X, it &
is a predictor this estimator is called a least squares estimator.

Lad Regression

When linear regression model in equation (1) is taken into consideration for the absolute
least deviations (LAD) regression,

Z|X_IB0+/81Xi1+"'+,Bnan ©)]

The best line passing through a point is found out by developing algorithm. The vector
illustration for the algorithm is;

Equation (9) is obtained as;
Sy

It aims to find the vector # ' which minimizes this value. The algorithm starts with the

vector #'. Then the best vector of #' is calculated by finding a better vector which
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Xp-px| g

gives the minimum value in estimations are obtained as a better

B vector in every step.

B* :,B+td (10)

In order to find the vector in equation (10), the direction vector d and ! value are needed
to be calculated. Equation (11) is minimized in order to find the ! value.

2

K—(ﬁ’+td),Xi‘ (1)

Here; by transforming Zi=Y-p X", W;=dX,

|Zl.—th.|

is obtained (Birkes and Dodge, 1993). This obtained value is to find out A which will

z‘(Yi_YO)_ﬂA’(Xi_XO)

ascendingly. k index is calculated by sorting Z and w according to this line.

minimize . Then by calculating Z,/m, rates, they are sorted

sl <5
- >3 T

Here, r= z |W" | The value which minimizes ! is Z /W, . There is one more (p+1)
direction vector than £ independent variable number in each step of algorithm. There is a

positive direction (+) for each d; vector as well as a negative direction (-). Therefore, the
number of direction vectors must be 2xn where n is the number of independent variables. A

3 ‘Y,.—(/?Hd)')(,

vector is chosen such that it converges to the value of the at 1=0

M-Regression

In multiple M Regression model, Huber M estimations are the values which minimize;

ZP( f‘(ﬁ’o‘f’?Xu*“'*Bﬂka)) (12)

and are obtained as:



( ) —-k<e<k e’ 3
e)=
P e <—kyadak < e 2k|e|—k2 (1)

Huber M-regression estimation vector B s defined as B vector which minimize

> o(n-(8-4x)) | . F;
(Birkes and Dodge, 1993). The regression coefficient vector

is firstly estimated via LS. The algorithm continues in this way until the first estimations of

B are reached.

Non Parametric Regression

Non parametric regression estimation is a strong analysis method for the data set which
includes outlier observation. Due to the outlier observations, parameters are corrupted and
many methods are unable to give the most convenient result. For this reason, non-
parametric regression estimation is required (Hardle, 1990).

Y= (BX e+ B,X )

The median of difference determines the non-parametric

Q0
estimation of B . By minimizing the value in equation (14), an algorithm is produced. The
vector illustration is,

g(b)zZ[mnk(Yi—b’Xi)—n;l}(x—b')ﬂ) (14)

=(X.. .- X
and, , ! ( i ’k) (Birkes and Dodge, 1993).

As the vector B is acquired by minimizing € (») with LS method, iteration is started. The

A

0
vectors which give smaller values of the function g(b) are found. The initial vector B is
and d, Z':Yff(/io) Xl,

*

2* — AO * . . .
found and B =F8 +td g acquired. Here is, !

1
u,.O:rank(Z,.)——(n—l-l) u’ =u° ) )
2 , i and the » x1 vector. The " * P matrix consists

B ' -1 v 0 ' ¥
oK =Xy =X d=(XX) X w=dX,

is the weighted median of

zi—zj|/ wl.—wj|

|wi—wj|/2|wi—wj| and

and B’ becomes the valid vector, and the iteration is repeated (Birkes and Dodge, 1993).

By this way, the iteration is completed,

Bayes Regression

Y is the dependent variable vector and 0 is the unknown parameter vector of the model. In

Bayes approach, for 0 the range is not specified and before having a look at the data set,
we look at what is known about the parameter. By this way, probability distribution for the
data set vector is determined initially. The generally used distribution is normal distribution.
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The multiple linear Bayes regression model is;

f(Bly.o)=cf(Blo)f(sB.0) (15)

f(y8.0)

2
probability average vector is Xp and the variance-covariance matrix is @ 1 (! is unit
matrix).

Here, ¢ fixed value, , 1s a function of Y. Multiple normal distribution

1
207

1(318.0)=cexn| 53 |

(16)

2

”y_X'B”2 _Hy_XﬁALsHZ +“XBLS -Xp

(the theorem of pythagoras)

f(3p.o)= Cexp{—ﬁ X P —Xﬂﬂ

LS estimation of posterior distribution of per B s Pus

1
20°

F(plo)=cexp| ~ x5 (5-1)]

(17)
2
The variance-covariance matrix of the vector b is © V. b and V are chosen to obtain a

priori knowledge and p is obtained as;

N o
L=VV b+V.XXP,, (18)

_ ~1 l; -1
Vo= (V' XX) " Bikes and Dodge, 1993).

Here the result is,
Selection Criteria
In the selection of the appropriate method, Error mean squared (MSE), Akaike information

2
criteria (AIC) and multiple specification coefficient (R ) are going to be used and the

method which gives the biggest R? yalue and the smallest AIC and MSE values are going
to be preferred.

Multiple Designation Coefficient
Multiple specification coefficient (R ), the rate of X independent variables to explain

. .. . (0<R*<1
Y dependent variables’ total variation is ( < < ) .



g DX (XY (19)
XY -(Xr)

(Newton and et. al. 1996). However, the fact that R’ is close to 1 does not mean that the
model is good. It will change the value of R? \when any parameters are added to or removed

from the model. Therefore, the models which have the biggest R? value might not always
be the best models (Montgomery and Peck, 1992), (Sahin, 2000).

Akaike information criteria

Akaike information criteria (AIC) are used to choose the most appropriate one among
different models.

2
AIC=1n(ze' J+i

n n (20)

In equation (20), ¥ represents the number of parameters including fixed term and 7

2
represents the number of observations. Also, e represents the total of error squares. In

model comparisons, the model which gives the smallest AIC value is preferred.

Error mean squared (MSE)

Another criteria used in choosing the most convenient model is Error mean squared
method. The smaller the error square mean, the smaller the deviation between the expected
value and the observed value is. Error mean squared (MSE) criteria;

_1 7Y
MSE_”Z<Yi Yi) 1)

It is calculated by this formula (Ekinci and et. al., 2016).
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Findings

During the formation of the price of wheat, there have been several criteria determined by
TMO (abbreviation for Turkish Grain Board). In this study, sunn pest, hectoliter and
humidity are chosen from these criteria in practice. The data used in this study includes the
values of hectoliter weight, sunn pest/aelia and the humidity rate which were effective in
the price formation of Bezostaja wheat in Konya, in 2004 according to the Konya
Commodity Exchange Market.

Table 1. The price of Bezostaja wheat ("), hectoliter()‘l), sunn pest(Xz) and humidity
(¥) in Konya.

Price Hectoliter Sunn Pest Humidity
4.000 79.1 3.7 8.1
3.880 78.1 47 8.9
3.700 78.6 6.4 12.6
4.000 79.2 3.1 10.1
3.700 775 6.0 9.0
3.860 76.8 1.5 8.9
3.770 80.4 34 9.9
3.780 725 1.5 10.8
4.070 78.6 1.5 11.8
3.860 72.1 1.8 9.2
4.040 81.1 35 10.1
3.900 77.8 3.8 10.7
3.980 75.2 0.9 9.6
4.000 77.8 1.5 10.1
3.750 79.0 1.3 10.9
3.970 79.3 25 10.6
3.600 71.4 1.9 111
3.490 74.2 0.6 9.9
3.870 77.7 44 9.0

3.850 77.8 2.8 11.8




By using the data set in Table.1, the regression model is handled as,

Price=3 +4>Hectoliter+/3 <SunpestH3 >Humidity +&
As alternatives for the LS estimation method, LAD, M-regression, non-parametric
regression, Bayes regression estimation methods, SPSS and Excel packaged software are

2
used. By this way, the multiple coefficient of determination (R ) , Akaiki information
criteria (AIC) and error mean squared (MSE) of the model are obtained and the best model
for the data set is tried to be chosen. The calculations are summarized in Table 2.

Table 2. The alternative regression models obtained for the datum of Bezostaja wheat

Forecasting

Method Regression Model R2 AlIC MSE
LAD Y=120+27.36X —).18X, -22.12.X; 0.192 14.11 907.998,28

Y=1259.576+39.00LY, —48 74X, ~24490X,

M-Regression 0.502 10.01 16.342,28

Non-Paramelic  y=1259.576+32.95X, -36.51X, ~541X,  seer 1213

Regression

BAYES Y =1436+34.81X, —44.62X, —13.750.X,

125.338,2

0.359 10.04 15.395,76

When we have a look at Table.2, the EMS value of LS estimation method is 14.634,76 and
this value is found to be smaller than other methods. Similarly, AIC value of LS estimation
method is 9,99 and this value is also found to be smaller than other methods. However, the

R value of non-parametric regression estimation method is 0,697 and this value is found to

be bigger than the R ? values of other methods.

Discussion and Conclusion

In this study, it is tried to be given some alternative regression models for the LS estimation
method. LAD, M-regression, non-parametric regression and Bayes regression estimation
methods are examined. The coefficient of determination that belongs to the examined

sample is found to be the biggest as R’ - 0,697 in non-parametric regression.

The defining rate of the used independent variables for the total variation of the dependent

variable (") is found relatively 0,697. The remaining 0,303 part is formed due to the
unexamined other factors. It can be stated that there might be outlier observations among

. . 2 .
observations due to the high R values. Under these circumstances, although non-
parametric regression estimation method seems to be a convenient estimator, according to
the EMS and AIC criteria, LS estimation method steps forward as the most convenient
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method for this data set.

Implication and Suggestions

Although the Nonparametric Regression estimation method is considered to be a suitable
estimator, the most suitable method for this data set stands out according to the HKO and
AIC criteria.

The fact that this type of analysis is not high indicates that there may be contradictory
observations within the observations.

In such studies, the boundaries of impact factors can be expanded and the boundaries can be
expanded with more province data.

Research Limitations and Future Research
Research done,
*  The research is limited to the Commodity Exchange 2004 data in Konya.
»  The study group is limited to the 12-month wheat data of 2004.
* In comparison of data, the factors affecting the price are limited to physical factors.

Considering these limitations, it may be suggested to make applications with different types
of data comparisons in different provinces and to apply in different product types in future
studies.

Author Contributions

This study is produced from master thesis. Study authors include graduate students and
advisors. Both authors contributed jointly at each stage of the study. All authors have read
and accepted the published version of the article.

Publication Ethics

Research and Publication Ethics was complied



