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AYNI YASLI DOGU KAYINI (Faguis orientalis Lipsky.)
MESCERELERINDE CAP DAGILIMININ BONITET VE YAS'A
GORE DEGISiMI

Ar. Gor. Serdar CARUS1*

Kisa Ozet

Bu calismada, Tirkiye'deki Bati Karadeniz yoresi ayni yash Dogu Kayini
(Fagns orientalis Lipsky.) mudahale gérmemis inescerelerinde agaclarin cap
basamaklarina dagilimlarinin bonitet ve yas'a gore degisiminin incelenmesi
amac edinilmistir. Mesceredeki agaclarin cap basamaklarina dagiliminin ince-
lenmesinde dort degisik istatistik dagilimi esas alan modeller kullanilmistir.
Bunlar sirasiyla Gamma, Beta, Weibu!l ve Normal dagilim modelleridir. Bu
modellerin kurulduktan sonra uygunluklarinin denetlenmesinde 1994-1996
yillarinda alinan 116 adet 6rnek alandan faydalaniimistir. Her dagilim modeli
icin lineer (dogrusal) bir model kurulmus ve model katsayilari ¢cogul regres-
yon analizleriyle saptanmistir. Bununla birlikte, regresyon modelinin ¢ogul
korelasyon katsayisi, standart hata ve verilere uygunlugunun denetlenmesi
icin F test degeri de hesaplanmistir. Daha sonra modellerin verdikleri denge-
lenmis degerlerle, gercek degerler grafiksel olarak karsilastirilinistir. Gamma
dagilimini esas alan model digerlerine gore daha uygun bulunmustur. Bu mo-
dele gére mesceredeki agaclarin cap basamaklarina dagilimini % 65.9 oranin-
da yas ve bonitet etkilemektedir.

1. GiRis

Orman kaynaklarimizdan ekonomik, surekli ve verimli bir sekilde faydalanabilmek icin,
mescere hacim ve hacim elemanlarini gercede en yakin dlgiide tahmin etmemiz gerekmektedir.
Ayrica ormanlara yapilan miudahalelerin zamani, siklii ve ekonomik agidan uygunlugunun belir-
lenebilmesi icin mesceredeki bireylerin ¢ap basamaklarina dagiliminin etkileyen faktorlerin bilin-
mesi gereklidir. Bu yizden ¢ap dagilimlari tzerine yakin yillara kadar bircok arastirma yapilmis
ve halen calismalar devam etmektedir. Bunlara drnekler verecek olursak, Nelson Piilus teada
L.da Gamma dagilimim (1964), Reinker ve Bliss Pseudotsuga menziesii'de Lognormal dagilimi-
ni (1964), Bailey ve Dell Picea abies'de Weibull dagilimini (1973), Schreuder et al. Pinus elliot-

1) i.0. Orman Fakilltesi Orman Hasilati ve Biyometri Anabilim Dali
Yayin Komisyonuna Sunuldugu Tarih: 03.03.1997
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tiide Wcibull dagilimini (1979) ve Maltoma et al. Beta ve VVeibull dagilimlarini Pinus sylvestris
ve Picea abies mescerclerine uygulamislardir (1995).

Bu calismada énce dagilim modellerinin elde edilmesi ve daha sonra regresyon katsayila-
rinin hesaplanis tarzini, LOETSCH el al. (1973)'in Beta dagilimina uyguladigi dénisim ve hesap
bicimi ile gosterilmesi amaclanmisin Calismada Beta dagilimi yanisira Normal, Gamma ve VVei-
bull dagilimlarindan tiretilen modeller bilgisayarda veri kutukleri yardimiyla incelenmistir (SPSS
For Windows Ver. 5.0.1).

2. MATERYAL VE METOD

Bu c¢alismada Bati Karadeniz ydresi miudahale gormemis, Dodu Kayini (Fagits orientalis
Lipsky.) mescerelerinden 1994-1996 yillari arasinda 6lgilen 116 adet gecici 6rnek alan verilerin-
den yararlanilmistir. Her érnek alanini bonitet derecesi (oransal 0.0=<BOD = <1.0; SARAGCOG-
LU 1988) ve kiitiik yas! tespit edilmistir. Her 6rnek alanda 6 cm basamak ortasi degerden baslaya-
rak 4 cm'lik basamaklar halinde her basamagin frekans degeri bulunmustur. Ornek alandaki fre-
kanslar hektara dontsturidlmustir. Sonucla her drnek alanda her cap basamagina ait dortli veri
gruplari frekans, cap basamagi orta degeri, 6rnek alanin yasi ve drnek alanin bonitet derecesi ha-
linde bilgisayarda veri kitiiklerine islenmistir. Bu degerler yardimiyla ¢ogul regresyon analizleri
yaptimistir.

Beta dagilimi modeli icin ny = k (dy-dmm)a (dmax-dy)P modeli esas alinmistir (LOETSCH
et al. 1973). Kullanilan simgelerin karsiliklari asagiya ¢ikariimistir.

ny = i’inci 6rnek alandaj cap kademesindeki frekans (ad/ha),

k, a, p = katsayilar,
djj= iinci 6rnek alandaj gap kademesi orta degeri = 6, 10, ....86 cm,
dmax = Ornek alanlardaki en biiyik cap = 88 cm,

dmin= Ornek alanlardaki en kiigiik cap = 4 cm.

Beta fonksiyonuna logaritma uygulanirsa in ny = in k + a* in (dij - dmin) + P* in (dmax -
dy) bi¢ciminde bir esitlik elde edilebilir. Ayni yasli mescerelerde belirli bir yas ve bonitet derece-
sinde agaglarin cap basamaklarina dagilimi ¢cogu zaman carpik can egrisi bicimindedir. Bu ¢an eg-
rilerinin tepe noktalari, bonitet sabit kaldiginda mescere yasina bagl olarak ters J egrisi tzerinde
kaymaktadir (FIRAT 1972; PRODAN 1965; LOETSCH et al. 1973). Bu durum soyle ifade edile-
bilir SARACOGLU 1988).

n, _ ea()+ai*BOD + (a2 + a3* BOD)* t (e _ dogaj logaritma tabani = 2.71828)

Modellerin olusturulmasinda yukaridaki formil temel alinmistir. Beta dagilim modelinde-
ki katsayilar bonitet derecesi, yas ve R (dmax-dmin),ye bagh oldugundan, model bu degiskenleri

iceren dogrusal bir denklemle asagidaki sekilde yazilabilir.

innjj= po+ p|* BOD + Pj *t+ p3*BOD + p4* in (dy - dmitl) + p5* BOD*In (dy - dmin) + p6*
t* in (dy - dmi,) + P7*t* BOD* In (dy - dmin) + p8* in (dmax - dy) + p9* BOD* In (dmax-dy)
+p10* t* in (dniax - dy) + P, |* BOD * t* in (dmax - dy) 1)
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Burada;

Po.Pi Pu = Katsayilar,

BOD = Ornek alanin bonitet derecesi (0.0 = <BOD = < 1.0),

t= Ornek alanin yasi (yil),

In = e labaninda (dogal) logaritma (e = 2.7 1828),

Gamma dagilim modeli icin njj = a*dy b *e(c *~ modeli esas alinmistir (NELSON
1964). Buradan dogrusal forma ddénistirip bonitet derecesi ve yas'a gore turetirsek;
iniijj= Pu+ P* BOD + P7*t+p3*BOD *t+ P4d*dy + Pg* BOD*In (dy - d~n) 4 p™ t* dy +

P7* BOD* t * djj) + P8+in djj + p9* BOD* in dy + P10* t* in dy+ Ptj* BOD *t* In dy

@

YVeibull dagilim modeli icin ny = k * d“ e (fI*dijj**<p fonksiyonu esas alinmistir (SCHREU-
DER et al. 1979).

Bu modele yas (t) ve bonitet derecesini (BOD) sokar, dodrusal modelini turetirsek;

inny= pQ+ Pj* BOD + P2*t+ P3*BOD *t + p4ludy + Pg* BOD*In dy + P6* t* in dy +
P7*BOD*t* in dy + p8*dy + P9*BOD* in djj + P)0* t*dy + P] * BOD * t*in djj +
HZ*dy2+ P1¥*BOD*dij2+ P, 4t*dy2+ P15*t*BOD*dy2+ P,6* di/ + pI7/* BOD * dy3+
PI1&*dy~+PI1FBOD*t*dy3 (3)

elde edilir.

Normal dagilim modeli iginde, ny = e(a+b*dij+c*J.r*2) fonksiyonu esas alinmistir. Logarit-
ma dontsiminl yapip, bonitet derecesi ve asa gore dogrusal modeli turetirsek;

inny = po+ Pj* BOD + P2*t+ P3*BOD *t+ pd*dy + pg* BOD* dy + Pg* t* dy + P7*BOD* 1
*dy + Pfi* dy2+ P9*BOD* dy" + Pu)* t* dy" + P] |* BOD * t* dy

4)
elde edilir.

3. BULGULAR VE TARTISMA

inceleme konusu olarak alinan modellerin (1, 2, 3, 4) ¢ogul regresyon analizlerine ait so-
nuglar Tablo I'de verilmistir. Ayni yashh Dogu Kayini mescerelerine en iyi uyum go6steren mode-
lin, Gamma dagilimi oldugu, regresyona ait varyans analizindeki Ftest dederinin daha biyik ol-
masindan anlasiimaktadir. Bu model ile herhangi bir yas ve bonitet derecesindeki mescerenin, bi-
reylerinin cap basamaklarina dagilimini izlemek mimkundir. Modelin verilere uygunlugunu de-
netlemek igin, Reynolds et al. tarafindan (1988), gelistirilen hata indeksi (Error Index = EIl) bize
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daha iyi bir fikir verebilmektedir. Bu yontemde de Gamma dagilmi1 modelinin daha uygun oldugu

saptanmistir. Asagida (Sekil I'de) verilen degerler yardimiyla, bu yontemde hesaplanan hata in-
deksi degerleri Tablo 2'de verilmistir.

El = N_* n. -n. )

n poJe ®)
El rel = EI/ N (@
Burada;
jN=1,2,..., k= Cap basamag! numarasi,

N = Hektardaki agag sayisl,

njp = Ornek alanda j'inci ¢ap basamaginda tahmin edilmis aga¢ sayisi,
njO= Ornek alanda j'inci gap basamaginda gozlenen agag sayisi,

n = Ornek alandaki toplam agag sayisi.

2120 n=;:0c H22=0£SP =83 N=1200
24 n
J 1
e}
- f
1)
1arh .
In
C-AMLIA
I UJGOZCEM
I 1< 21 3C 3t « Qi 12 18 X U
Csp baicnil?zn (Dizzcuz duscs)
B =3 n=llo
Sekil 1 : Omek alana ait gézlem ve modellere gére talimin edilen ¢ap dagilimlari

Figlre 1 : Estimated diameter distributions of the models and observed frequencies obtained from the plot



Tablo 1
Table 1

Po

Ps
P4
P5

P7
Ps
P9
Pit)
Pli
P12
P13
P14
P15
P 16
P17
P18

P19
R

R2
E
n

SE

Tablo 2
Table 2

El

Elel

BETA
-18.722199
2.642677
.047493
-.025809
.291595
-.694462
6.04328E-4
.009205
5.385597
.211576
-.012485
-.00339

79092
625556
203.35995
1339
79124

BETA

374

0.3117

* Sekil 1'deki 6rnege ait

** according to the plot in Figire |

NORMAL
5.912929
2.496107
-.010126
-.029759
-.042017
-.037436

3.53260E-4
7.80603E-4
-746618E-4
-6.10236E-5
-1.26950E-6
-3.94315E-6

.79188
.62707
204.6846
1339
.78963

NORMAL

421

0.3508

AYNI YASLI DOGU KAYINI MESCERELERINDE GAP DAGILIMI

. Dagilim Modellerinin Cogul Regresyon Analizi Sonuclan
: The Results of Multiple Regression Analysis for the Modcls

GAMMA
2.188011
7.802529
-.001798
-.090476
-.168874

.042288
3.70081E-4
-4.68393E-4

2.062179

-2.378064
-.003148

.028679

.81195
65927
235.52759
1339
75478

: Modellerin Hata indeks (EI) ve Rélatif Hata indeksleri (Elrc]*
: El and Elrel Values For The Modcls** '

GAMMA

341

0.2842

175

WEIBULL
1.890341
2.491335
-.011387
-.028614
2.572717
-.109883
-.001801
00
-.201562
-.019612
6.76303E-4
6.25306E-4
-.001812
00
0.0
00
3.47349E-5
-5.72319-6
-8.53452E-8
-1.95747E-8
.81935
67133
181.79119
1339
74241

YVEIBULL
363

0.3025
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4. SONUG VE ONERILER

Ayni yasli Dogu Kayini miidahale gérmemis mescerelerinde aga¢ sayisinin ¢cap basamak-
larina dagihimini incelemek icin; istatistik dagilimlari esas alarak kurulan Beta, Gamma, Weibull
ve Normal dagilim modelleri arasinda verilere uygunluk agisindan pek buytk fark gérilmemistir.
Fakat regresyon modelinin uygunlugunun tespiti igin hesaplanan F test de§eri, Gamma dagilim
modeli igin en yiksek bulunmustur. Bu nedenle verilere en uygun modelin Gamma dagilim mode-
li oldugu kanaatina varilmistir.

Dogu Kayini (Fagus orientalis Lipsky.), ayniyasli mescerelerinin yapisina daha uygun
bulunan Gamma dagilim modeli, mesceredeki agaclarin ¢cap basamaklarina dagilimini yaklasik
yizde altmis alti (R2= 0.659) oraninda bonitet derecesi, yas ve ¢capa bagh olarak belirleyebilmek-
tedir. Geriye kalan % 34'lik kisim ise bilinmeyen ve denetlemeyen diger énemli faktorler ya da
rasgele etkenlerden ileri geldigi soylenebilir.

Calisma sadece ayni yash Dogu Kayini (Fagus dientalis Lipsky.) midahale gérmemis
mescerelerinde yapiimistir. Bu model veya benzerleri kurulmak suretiyle, ayni tiriin degisik sid-
detlerde miidahale yapilmis 6rnek alanlarindan veri toplanmasi ile modelin de§isik sikliktaki mes-
cere yapilarina uyma imkani arttirilabilir.

Bdylece mescerelcrde bakim midahaleleri, mescere yapisi iyi tanindigindan daha bilingli
ve yerinde yapilabilir.

Belirli bir yas ve bonitet derecesindeki bir mescerede maksimum hacim artimi saglanabil-
mesi icin, cap basamaklarindaki aga¢ sayilarinin bilinmesi gereklidir. Bu dagilim modeli s6z ko-
nusu amac igin kullanilabilir.

Dagilim fonksiyonlarini temel alan regresyon modelleri, hasilat calismalarinda mescere si-
mulasyonlarina olanak saglamaktadir. Mesceredeki bireylerin cap basamaklarina dagiliminin bi-
linmesi ile belirli zaman araliklarinda olusan artimlar daha dogru olarak tahmin edilebilmektedir.

Cap dagihim modelleri sadece Dogu Kayininin Bati Karadeniz yoresinde degil bltin ya-
yilis alanlarinda saf ve karisik mescerelernide degisik miidahale sekillerine ve sikliklara gore di-
zenlenip saptanmasi, ormanciligimizin gelecegi acisindan énem arzetmektedir.



THE ALTERATION OF DIAMETER DISTRIBUTION BY SIiTE
QUALITY AND AGE IN EVENAGED ORIENTAL BEECH
(Fagus oriertalis Lipsky.) STANDS

Ar. Gor. Serdar CARUS

Abstract

In this study, The alteration of the diameter distribution by site quality
and age, presented by the actuai structure of evanaged orienta! beech stands
in the West Black Sea region of Turkey, has been related to the models con-
structed by basing on the models has been obtained froni 116 temporary plots.
A linear model has been constructed for each distribution, and the coefficients
in the model have been coinputed with the heip of regression analysis. Besides,
standart error and multiple correlation coefficients have also been deter-
mined. Later, the estimade values that the deterinined models gave have been
graphically compared vvith the actuai measurements. Gamma model seems to
be more suitable than the otlier distribution models.

1L.INTRODUCTION

The sland parameters (expectation values of diameter, height, voliime et.) are needed to be
on trust cstimated to ulilize forest resources economically, fruitfully, and continuously. Besides, it
is importani to know the stand diameter distribution for the determination of the tecnique, time,
and economic fcasibility of a stand maintenance treatment. So, in recent years, many reseacrhes
have used tile statistical frccjuency distributions in the field of forestry. For example, Nelson has
applied Gamma distribution to Pinus teadciL. (1964); Reinker and Bliss, Lognormal distribution
to Pseudotsiiga menziesii (1964); Bailey and Dell, Weibull distribution to Picea abies (1973)
and also Schreuder et al. to Pinus ellioitii, Engelm. var. elliottii (1979); as for Maltoma et al. they
have applied Beta and VVeibull distributions to Pinus sylvestris and Picea abies stands (1995).

In this work, the \vay of the computation of the cofficients of the models constructed has
been upon the way vvhich LOETSCH et al. (1973) have, using multiple regression analysis, ap-
plied to the computation of the coefficients of Beta model produced by Beta frequency distribution
that they applied to Norvvay picea stands. Here, beside Beta model, the models based upon Nor-
mal, Gamma and \Veibull frequency distributions have also investigated in the same vvay wvith the
help of SPSS ver. 5.0.1 packet program.
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2. MATERIAL AND METHOD

In this study, the data obtained from 116 plots \vhich, have been lemporarily founded in
intact, oriental beech (Fagus orientalis Lipsky.) stands in the years 1994-1996 have been used.
The site quality degree and age of each plot have been determined. The frequencis of ali diameter
elasses of 4 cm \vidth from 6cm (midvalue of the elass) to up have been found for each plot. Later,
the frequencies have been converted to the reciprocal values of heetare. So, the data of frequencies
per heetare, midvalues of diameter elasses, plot age, and plot site quality degree have been record-
ed into a data file by using Computer for each plot respeetively.

The data in the file have been appreciated for each of the constructed distribution models
respeetively. The coefficients of each models have been computed with the help of multiple re-
gression anaysis, and the fitness of models to data has been tested using F values of variance anal-
ysis.

The formula n ~ k (dy-dmi,,)» (dmax - dyjP

has been taken as a base for Beta distribution model (LOETSCH et al. 1973). The meannigns of
symbols are given below as;

nfi= Frequency ofj th diameter elass per heetare in i' th plot (N/ha),

k, a, P = Coefficients

djj= Midvalue ofj' th diameter ciass in i' th plot = 6, 10, ....86cm
dmax = The biggest possible value in plots = 88 cm
dmin—The least possible value in plots = 4 cm.

If logarithm of the base e (e= 2.71828) process has been applied to Beta funetion, the equa-
tion,
in ny ink+ot in(d;j-dmjn)+ P¥in (djj* - djj)
is obtained. Because the coefficients here depend on site qualily, age and variation width R = (dmax
- dmin), the equation gives the linear model,
innjj= Po+ Pj* BOD + p2*t+ P3*BOD + p4*In (djj - dmin) + p5* BOD*In (djj - d min) +p 6* t*
in (djj - dmin) + p7*t* BOD* in (djj - dmin) + pR* in (dmax - djj) + p9* BOD* in (dmax-djj) +
Pio* t* in (dmax - djj) + Pj,* BOD * t* in (dmax - djj) 1)
Wliere;
PO,P j , P ] | = Coefficients
BOD = Site quality degree plots (0.0 =< BOD =< 1.0)
t = Age of plots (year)
in = logarithm of the base e (e = 2.71828)
The formula n$ = a *djjb * e(c*dij) has been taken as a base for Gamma distribution model
(NELSON 1964). After several logarithmic and linear transformation processes, the model below

has been obtained;
innjj= P)+ Pj* BOD + p2*t+ P3*BOD *t+ P4*djj + P5*BOD* djj + p6~t* djj + p7*BOD* t
*djj + P8* In djj +p 9* BOD* in djj + P|0* t* in djj + Pj *BOD *t* in dj
(2)
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The formula ny = k * da * e(b*dljT*Phas been laken as a base for Wcibul! ciistribution mod-
el (SCHREUDER el al. 1979).

Aftcr ihe same processes like llie precedents, the linear model belovv has been oblaincd;

inny= p(+ P|*BOD +pP2*t+pP3*BOD *|+ paindy + PS*BOD*In dy +p6* t"indy +
P7* BOD*t* indy + Pr*dy + P9* BOD* indy + PA* t*dy + p] t* BOD *t* indy + A
P,2* djj2 + P I;*BOD*dy2+ P ,4*t*dy2 + P15*t*BOD*dy2 + P16*dy2 +

Pi7*BOD *dy3+ pj"M y3+ Piy*BOD*t*dy3 3)

lastly, the formula 1iy = c(a+Bli+*(QF2) has been taken as a base for Normal distribution model.

Afler alike processes, if llie linear model is developed according lo site degree and age; the model
belovv is obtained;

inllij= Po +P]*BOD +P2 *t+P3 *BOD *|+ Pa*dy + Pj* BOD* dy + Pr* t* dy +

p7* BOD* t*dy + p8* dy- + p[}* BOD* dy2+ PI)*t*dy2 + PI|* BOD *t* djj2
4)

The detail processes in obtaining the resullcd models subjecled above has not been related here be-
cause of the lack of place.

3. FINDINGS AND DISCUSSION

The results of mulliple regression analysis for the models subjecled to investigation has
been given in Table 1. Gamma model (2) in the mentioned models can be said to have filted to the
characteristics of beech species (shade-tolcrant, inheritable abililies, ele.) and data, because it has
the biggesl F valuc. Here, Gamma model has been accepted because of its best filness. It is pos-
sible to trace the distribution int o diameter elasses of Ilie individuals in a stand having any age and
site cjuality degree, using this model. Bcsides, the fitnesses of the models to data have been also
lested using the Error Index (El) and the rehitive Error Index (El aj) methods improvcd by Re-

ynolds el al. (1988; HOLTE 1993). The values of the plot given in Figure 1 belovw has been funda-
mcntally used, and the results has been presented in Table 2. The Error Index and the rclative Error
Index are deseribed by the follovving formulas;

(5)
El rel =EI /N (6)

Where;
j=12 k= the numbers of diameter elasses,
N = number of trees per heetare,

lijp = predieted number of trees inj' th diameter elass,

1ij0= observed number of trees in j' Il diameter elass,
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n = lotal number of observed irccs on the plot.

Here, Gamma distribution model has been i'ound more suitable than the other models
(Table 2). This situalion can be traced in figire 1.

in spite of there are no big differences for the conformity belween the models formed de-
pending on Beta, Gamma, Normal and Weibull dislributions, Gamma distribution model has
seemed to conlbrm betler to the structures of intaci evenaged Fagus orientalis Lipsky. slands sub-
jected to investigation. The conformity rank, vvith respect to F values of the models from the best
lo the vvorst is in the form of Gamma, Normal, Bela and Weibull (Table 1). Although the multiplc
correlation coefficient (R) of Weilbull distribution model has biggcr value, the conformity of the
model to data is less regarding Gamma. Gamma distribution model reprcscnls the distribution into
diameter elasses of trees in stand in the rate of about 66 percent (R2= 0.659) depending on age and
site quality degree. It can be said that the other unknovvn, and unconlrolled important or radnom
factors represent the aetual tree distribution in the rate of ncarly 34 percent.

4. RESULTS AND PROPOSALS

Gamma distribution model in the in the models constructed depending on Beta, Gamma,
Normal and Weibull dislributions has been found to confrom best to data Gamma has given the
biggesl F test value.

This research has been performcd exclusively in the intact evenaged forests of the species.
The model might be proposed to be conformed to ali stand structures using the data obtained from
the plots treated wvith different intensity and repetition, applying the same method in the future.

The stand strueture might be better comprehended vvith a model representing the distribu-
tion into diameter elasses of individuals. it is easy to delermine the optimum strueture vvhich will
maximize the volime increment of the stand that their age, site quality and number of trees in each
diameter elass are knovvti.

The yield elements of a forest stand have been determincd not only as average values, bul
as nearer measures to optimum values, vvith the help of the linear regression models based on fre-
cjuency distribution funetions. Thus, inerement quantities in certain lime slices can be estimated
ont rust.

It may be thought of thial will be suitable for the future of our forestry if the diameter distri-
bution models are more cxtensively arranged and delailed for purc or mixed stands of other spe-
cies, different treatment vvays and densitics.
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