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DEGISIK YASLI GOKNAR MESCERELERININ
OPTIMIZASYONU VE AMENAJMANDAKI ONEMI

Dog. Dr. Omer SARACOGLUD

Kisa Ozet

Bu vazida, karadeniz yoresi degisik yagh goknar mescereleri icin optimum
se¢cme orman kuruluglarimin elde edilmesinde kullamlabilecek yeni bir yontem
onerilmektedir. Bu yontem amag ¢apl, mescere sikhik katsayisi ve bonitet derece-
sine bagh olarak hesaplanan optimum Kuruluglar meseerelerdeki dogal iligkilere
dayandirilmistir. Hektardaki periyodik mescere hacim artimini istenen amag
¢api ve 51 bonitet derecesine gore maksimize eden bu kuruluglar, FORTRAN 77
programlama diliyle yazilan MAXART isimli bir program aracihifiyla bilgisa-
vardan kisa zamanda ahnabilmektedir.

1. GIRIS
NORMAL, TEMEL VE OPTIMUM KURULUS KAVRAMLARI

Degisik yash ormanlarda normal kurulus, normal sikhk derecesindeki (SD = 1) tipik se¢me
ormanlann 6zelliklerini tasiyan mescerelerden yararlanarak elde edilmektedir. Bu Kuruluy, farkh
bonitetieki yetisme ortamlannda alinan gegici veya siirekli deneme alanlanndan saglanan verileri
kullanarak, bonitet derecesi (BOD) veya endeksi (BOE) ile gogiis capina gore saptanmaktadir (D12
LIOCOURT 1898: SCHAEFFER-GAZIN-D'ALVERNY 1930; MEYER 1933, 1952; PANAGIO-
TIDIS 1965; AYKIN 1976; ERASLAN-YUKSEL-GIRAY 1984; SARACOGLU 1988, 1991).

Belli bir degisik yash mesceredeki normal kurulus, gégiis capr dagilima ile yetisme ortaminin
dogal olarak biyiitebilecegi en bliyiik gogiis cap1 (d,, ) tarafindan kesin bi¢imde ammlamr. Fa
Kat, bir¢cok kontrol edilemeyen degiskenler yiiziinden, agag tiriine ait irsel ozelliklere bagh yetisme
ortamiun degismez bir parametresi olan bu en bilyiik gogiis capr kolayca saptanamaz. Lger, cap
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dagihim sabit kalmak kosuluyla, bu en biiyiik gogiis ¢cap: yerine daha kiigilik bir ¢ap kullanilirsa,
mescere siklik derecesi bir'den daha kiigiik (SD < 1), aksi durumda ise, bir'den daha biiytiik (SD >
1) olacakur. Bu durumda da, normal kurulustaki gégiis ¢apr dagilimu tek basina normal siklik dere-
cesini (SD = 1) temsil edemez. Ancak, mescerenin optimum kurulusunu bulmamiza bir dayanak
(temel) teskil eder. Bu nedenle, normal kurulustaki gogiis cap1 dagihim egrisi diizgiin azalan ters J
egrisi bigimindeki bir temel cap dagilim egrisi olmaktadir. Temel ¢cap dagilim egrisini degistirmek-
sizin belli bir amag ¢capina gore, bulunan mescere kurulusu da bir temel kurulus niteligindedir. So-
nug olarak, SD = 1 degeri daima temel kurulusa ait bir parametre olmakta ve mescerede dogal ola-
rak d_.. caph agacin bulunmamasi durumunda, gergek mescere sikhigim gostermemektedir. Bu
nedenle, siklik derecesi (SD) terimi yerine sikhik katsayis1 (SK) tennminin kullamilmas: daha uygun
olacakur. d_,, ¢aplh agacin bulunmasi durumunda da SK = SD = 1 degeri normal siklik derecesi
ile normal kurulusu temsil eder.

Bu cahsmada temel kuruluslar optimum kuruluslarin saptanmasinda bir baslangi¢ kurulug
olarak ele ahnmusur. Periyodik mescere hacim artimu (I,) maksimum (I, _,.) oldugu zaman, mes-
cerenin siklik katsayis1 (SK) optimum sikhik katsayisi (OSK) ve kurulusu da optimum kurulus ola-
rak saptanmaktadir. OSK'nin temsil ettigi siklik derecesinin, normal siklik derecesine esit olacagim
ileri stirmek, OSK'mun bir hesap sonucu kesin olarak bulunmasi ve normal siklik derecesinin ise,
arastinciun varsayimina bagh ortalama bir deger olmasi nedeniyle miimkiin degildir.OSK mate-
matik olarak,

lim SK = OSK
(1)

| S E—
biciminde ifade edilebilir. Burada, maksimum diizeydeki hacim artiminin optimum kurulustaki bir
mescereden alinacagi bilinmesine karsin, ayni diizeydeki hacim ariminin normal siklik derecesin-
deki bir mescereden alinacag: iddia edilemez. Son olarak, secme ormanlarda verimlilik ilkesini
gergeklestirmek igin, belli bir amag ¢ap: ve bonitet derecesine gore, periyodik mescere hacim arti-
mim maksimize eden ve optimum sikhik katsayisina sahip megcere kurulusu saptanmalidir.
OSK'nin korunmast ile de, siireklilik ilkesi gerceklestirilmis olacakur.

2. OPTIMUM KURULUSUN SAPTANMASINDA ONERILEN YONTEM

Bu calisma ormancilik literatiiriindeki bir eksikligi gidermek ve onerilen yontemi uygulama-
da yararh kilmak amaciyla yapilmstir (SARACOGLU 1986, doktora tezi). Segme ormanlann te-
mel ve optimum kuruluglarimin saptanmasinda giivenilir bir sekilde kullarulabilecek olan bu yén-
tem agagida tamtilmastir.

Normal siklik derecesindeki goknar segme ormanlannda gégiis ¢ap: (d-cm) ve bonitet endek-
sine (BOE-m) bagh olarak, hektarda 4 cm'lik ¢ap basamaklarindaki ortalama agag sayisin ( 1 )
veren denklem;
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7= EXP [ (9.346 - 0.14482d) - (0.12711 - 0.003116d) BOE ] )

bigiminde bulunmustur (SARACOGLU 1988, S. 82). Korelasyon katsayisi, R = 0.88706 degeriyle,
bu iliskinin diger mescere hacim elemanlarina ait iliskilerden daha giivenli oldugunu gostermistir.
Bu nedenle, bu ifade goknar segme ormanlarinin periyodik hacim artumini maksimize eden opti-
mum kuruluslann elde edilmesinde temel olarak kullamlmstir.

Bonitet endeksi, belirli bir yetisme ortaminda sabit bir deger oldugu icin, (2) ifadesi d capi-
na gore yeniden diizenlenebilir. Bu durumda,

N =EXP [ (by+b,BOE) + (b, + b, BOE) d ] 3)

ifadesine benzer bir ifade elde edilir ki, burada birinci katsaymnn (b, + b, BOE) bir civarinda de-
gerler alan sikhik katsayis1 (SK) ile iliskili olabilecegi, ikinci katsayiun (b, + by BOE) ise, SK ile
pek iligkili olamayacagi SARACOGLU (1988, S. 115-119) tarafindan teorik olarak gosterilmistir.
Bu diisiinceyle, (3) ifadesini,

% = EXP [ (bg+ b, BOE) SK + (b, + b; BOE) d ] = EXP (P + Qd) ]

bi¢ciminde yazmak miimkiin olmustur. Burada, SK sikhik katsayis: degiskeni temel kurulus icin
bir'e esit, temel kurulusun sikhk derecesi arttik¢a bir'den biiyiik ve azaldikea ise, bir'den kiigiik de-
gerler almaktadir. 0-1 arasinda degerler alan bonitet derecesi (BOD) ile bonitet endeksi (BOE) ara-
sinda ise,

&)
BOE =19.70704 + 14.98295 BOD

bigiminde dogrusal bir iliski oldugu goriilmiistiir (SARACOGLU 1988, S. 82). Yukandaki (4) ifa-
desi, P kile Qda d ile ilgili oldugu icin, MEYER'in,

n = KEXP (- ad) ()

formiiliine tam bir uygunluk gostermektedir. Belli bir siklik katsayis1 (SK) ve bonitet endeksine
(BOE) ait agaglann ¢aplan (d) yardimiyla bir hektarlik segme orman mesceresini bilgisayarda
olusturmak amaciyla (4) nolu ifadeyi kullanmak miimkiindiir. Ancak bunu basarmak igin, énce is-
tatistik anlamda (4) nolu ifadenin y=EXP (A+Bd) bigimindeki yogunluk fonksiyonunun bulun-
masma gerek vardir. Ad herhangi bir d cap basamaginin genisligi ise, bu yogunluk fonksiyonu-
nun (d - Ad/2)-(d + A d/2) apsis degerleri arasindaki, d'ye gore integrasyonu da (4) nolu ifade ol-
malidir. Buna gore, ' :
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= d+Ad/2
n = EXP (P+Qd) = | EXP (A+Bd) dd
d-Ad/2
= EXP (A) EXP (Bd) [EXP (BAd/2)-EXP (-BAd/2)]/B )

ozdesligi yazlabilir. Burada, A d =4 cm alimirsa, A ve B katsayilan,

A=P+ln {Q:Exp(zQ)-Exp(.zo)_‘.'l}, B=Q ®)

olarak bulunur. Belirli bir mescere i¢in, bonitet endeksi ile sikhk katsayis: bilineceginden, A, B, P
ve Q katsayilan da o mescereye ait olmak iizere, sabit degerler olarak clde edilecektir. Boylece,
belirli hale gelen yogunluk fonksiyonundan yararlanarak, bir hektar mesceredeki biitlin cap deger-
lerini bilgisayarda hesaplamak miimkiin olur. Bu hesapta, mesceredeki caplann kiigiikten biiyiige
dogru hesaplandig1 distiniilerck, i ve i+1'inci caplar d; ve d;,, ile gosterilmekie ve d, ile d,; ara-
sinda yalmz d;,, caph bir agacin bulunacagi varsayilmaktadir. Buna gore, yogunluk fonksiyonu-
nun d, ile d;,, arasindaki integrasyonu, d;,; ¢aplh bu tek agacin sayisi olan bir'e esit olacagindan,

d;
1+
1.0 = f EXP (A+Bd)dd = EXP (A) [ EXP (Bd,,, - EXP (Bd)]/B (9)
d
ifadesini yazmak miimkiindir. Buradan, d;,; cap
dia={ In B+EXP (A+Bd)) -A }/B (10)

-

olarak bulunur. Bu son ifadeden, i=0,1,2...... (r - 1) degerleri i¢in ve d capina uygun bir baslangic
degerini vererek ve yine, ardisik bir sekilde 6nceden hesaplanan bir cap bir sonraki ifadede yerine
koyarak, sonugta d_¢api clde edilebilir. Boylece, mesceredeki bu r'ninci ¢ap,

c=1,2,3, .. Nign d = { In  rB+EXP (A+Bdy - A }/B (an

olarak bulunmus olur.

Onceki biiyiime periyotlan siiresince mescereye katilan agaclarin sayisim kestirmek icin, d,
cap1 negalif bir deger olarak alinmalidir. Nitekim, SARACOGLU’nun (1988) ¢alismasinda bu de-
ger (-2) olarak alinmstir. Burada, djy ¢capimn mesceredeki 1,30 m yiiksekligine varamayan gengli-
gin gercek ortalama sayisi yardimu ile saptanmasi da miimkiindiir.
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(11) nolu ifadeden gaplar tiiretilirken bazi negatif degerli ¢aplar da bulunur. N, sayidaki bu
negatif degerli ¢aplann gogis yiiksekligine (1,30 m) varamayan gengligi temsil ettigi kabul edil-
melidir. Negatif degerli caplar, cap-cap artim fonksiyonunda (SARAGOGLU 1988, S. 59) kulla-
nuldiginda, fonksiyondan her ¢apa karsihik gelen pozitif birer periyodik ¢ap artum elde edilmekte-
dir. Bu ¢ap arumlar, kendilerini veren negatif degerli ¢aplara eklendiginde, ¢aplar bir periyot (10
yil) kadar biiyiitilmiis olmaktadir. Negatif caplann periyot sonu degerlerinden Ng kadan pozitif ol-
makta ve bunlann periyot sonu itibariyle mescereye katilan agaglan temsil ettigi kabul edilmekte-
dir.

rnin son degeri olan N i¢in bulunan d; ¢ap1, orman isletmesi tarafindan belirlenen amag ca-
pindan (damaq} veya son cap basamagindaki amag agag sayisina (namaq) kars1 gelen ¢aptan daha
kiiciik veya esit olmahdir. Boylece, N mesceredeki toplam agag sayisim ifade edecektir. Son biyii-
me periyodunun basinda, meseerede gogiis yiiksekligini asan agac sayist Ny = N - N, olacakur.
Mescerenin ilk gogis yiizeyi, bu N, sayidaki agacin caplan yardimiyla,

N
2 4 (12)

1’=N1+1

sl
4

bigiminde kolayca hesap edilir. G, periyodik kabuklu gap-gap artumu (I ;) fonksiyonunda Kullamlan
onemli bir degisken olup, sikhik katsayisina, dolayisivla (4) nolu ifade ile ¢cap artimlarina etki eder.
Diger taraftan, amac capi ile son cap basamagindaki amac agac sayismna kars: gelen cap da (dnm‘)
toplam gogiis yiizeyine (G) etki eder. Burada dnm&, (4) nolu ifadeden ¢ikanlan

dnm= (In nama;'P)/Q (13)

formiitiyle hesaplanabilmektedir.

n ve d,
amac amal
tiretim tekniklerine, pazar talepleri ile diger isletme amaglarina gore ve mesceredeki hacim artimi-
m maksimum yapacak bi¢cimde saptanmalidir. Karadeniz yoresi goknar segme ormanlannda cap

artimu fonksiyonu,

. degerleri, yetisme ortamunin ézelliklerine, sikhik katsayisina, kesim-nakliyat-

_EXP| (5.43E-147.61E-2d-1.17E-3dd) + (-2.24E-2-5.77E-5d+6.54E-6d) G ]

I
. (9.26E-1-1.2E4d) + (9.99E-4+3.8E-5d)BOE

(14)

olarak elde edilmistir (SARACOGLU 1988, S. 59 ve 66).
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(10) nolu ifadeyi kullanarak, periyot baginda mevcut olan caplara karsi gelen ¢ap arimlarin
hesaplamak ve bunlan ait olduklan ¢aplara ayn ayn ekleyerck, periyot sonu biitiin ¢aplan elde et-
mek miimkiindiir. Periyot sonundaki negatif ¢aplarin sayis1 (N, ), periyot igerisinde gogiis yiiksek-
ligini gecemeyen gengligin sayisim gosterecektir. Diger taraftan, periyot sonu igin, goglis yiiksekli-
ginin iizerindeki agag sayis1 N ,=N-N; olmaktadir. Periyot igerisinde mescereye katilan geng agac-
larin say1s1 da Ns=N ;-N,=N,-N; olarak hesaplanabilir.

Buradan, belli bir bonitet derecesi (BOD) i¢in, asagida verilen genel mescere boy egrisi
denkleminde ¢aplan kullanarak, karsihigi agac boylan (1) kestirilebilir.

2

d e
H= 7 +(BOD-0.5)R +1.3 (15)

8.1346+0.41833d+0.0249 d

Bu ifadedeki f{\ , ¢apa gore ortalama boy varyasyon genisliginin regresyon denklemi olup,
-~ 2 3
R =4.5338d (1.1639E - 1-1.941E - 3d + 2.917E-5 d - 1.4484E-7d) (16)

olarak saptanmistr (SARACOGLU 1988, S. 25). Cap ve (15) nolu ifadeden hesaplanan boy deger-
lerine kars: gelen hacimler ise, d < 10 cm icin,

2 2
v=1.15[(1.16E3+4.3E-4d-7.2E-5 d ) - (8.2E-4+1.53E-4d+3.46E-5 d ) H ] a7

* ifadesinden (SARACOC}LU 1988, S. 22) ve d > 10 cm i¢in de,

2
v =EXP[2.3 (-3.3243.29 logd-0.56 log d-1.94 logH+1.35 long) ] (18)

ifadesinden (SUN-EREN-ORPAK 1978) bulunmustur. Her agacin hacim artinu da, periyot sonu
hacminden periyot basi hacmini ¢ikararak tahmin edilmistir. Buradan da, énce SK=1 i¢in agaclarin
bireysel periyodik hacim artimlan toplanarak, mescere hacim arum (1) elde edilmekte ve daha
sonra SK, 0.01 kadar arttinlarak yeni bir mescere hacim artimi hesaplanmaktadir. Sonradan hesap-
lanan megcere hacim artimu, ilk bulunandan biiyiik olursa, SK'ya (+0.01)lik veya kii¢ciik olursa
(-0.01)1ik artimlar vererek, maksimum (I,.m,,) oluncaya kadar ardigik bir sekilde mescere hacim
artimlan hesaplanmaktadir. Mescere hacim artimi, ¢ap-¢ap artimu iligkisinin bir sonucu olarak, sik-
lik katsayisina bagh bir sekilde, maksimum yapan parabol egrileri biciminde bir degigim goster-
mektedir (bak. SARACOGLU 1988, S. 121, sekil 81). Mescere hacim artimi maksimum noktaya
yaklagirken mescere gogiis ylizeyinin 20-130 m?/ha'lik simr degerleri tasmasina izin verilmemistir.
Bu sinur degerleri deneme alanlarinin en kiigiik ve en biiyiik gercek gogiis yiizeyi degerlerinden bi-
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raz daha kiigiik veya daha biiyiik olacak sekilde saptanmustr. Mescere gogiis ylizeyi sir degerleri
arasinda iken, megcere hacim artimu maksimum oluyorsa, bu maksimum noktadaki mescere siklik
katsayis1 optimum mescere sikhik katsayis1 (OSK) olarak ve 4 cm'lik ¢ap basamaklan itibariyle
megcere kurulugu da optimum mescere kurulusu olarak saptanmaktadir (Tablo 1 ve 2). Mescere
gogiis ylizeyi simr degerlerin ttesine giderken mescere hacim artimi maksimum oluyorsa, gogiis
yiizeyinin siur degerlerine kars: gelen mescere hacim artimina sahip megcerenin sikhk katsayisi
ile kurulusu saptanmakta ve iterasyona son verilmektedir. Burada, mescere hacim artimimin maksi-
mum degerine iterasyonla yapilan yaklasim, FORTRAN 77 programlama dilinde yazilan MA-
XART isimli program aracilifiyla bilgisiyarda kisa zamanda basanlabilmektedir (bak. SARA-
COGLU 1988, S. 307). Programda en diisiik bonitet endeksi (19.71 m), en diisiik bonitet derecesi-
ne (BOD=0.0) ve en yiiksek bonitet endeksi (34.69 m) ise, en yiiksek bonitet derecesine
(BOD=1.0) kars1 gelmektedir. MAXART, 0.02'lik arumlarla 0.0-1.0 arasindaki 51 bonitet derecesi
i¢in, amag ¢api veya son ¢ap basamagindaki amag agac sayisina gore, optimum mescere kurulusla-
rnim vermektedir.

3. SONUCLAR VE ONERILER

Burada énerilen yonem se¢gme ormanlann temel ve optimum kuruluslarinin elde edilmesinde,
MAXART isimli programla baganh bir sekilde uygulanmistur. Amag ¢apiun 40-50-60 ve 70 em
ile son cap basamagimn amag agag sayisinin 6 olmasi halleri i¢in, sozii edilen mescere kuruluslan
elde edilmis ve sonuglann ¢ok anlamli oldugu goriilmiistiir (Tablo 3, 4, 5, 6 ve 7). L 6 icin,
OSK degerleri yalniz birinci bonitet simfindaki degerler hari¢, asag yukan normal sikhik katsayisi-
na (SK=1) esittir. Birinci bonitet simfindaki OSK=1,13 degeri maksimum hacim artimina varila-
madigindan, gogiis ylizeyinin 140 m%/ha'lik degerine kars1 gelen deger olarak saptanmustir.

Amac capr diistitkge, periyodik gogiis ylizeyi artum ile hacim artimu her bonitet simfinda art-
maktadir. 0. = 10 i¢in, sonuglar daha anlamhdur. Tablolardaki kesilecek agac sayilari, periyot
bas1 ¢ap dagilim egrisinin periyot sonuna kadar degismedigi varsayilarak hesaplanmis ve ¢ap-cap
artimu iligkisinin bunun iizerindeki etkisi goz éniine alinmamis oldugundan, mescere kurulusunu
tam olarak hep aymi durumda tutamaz. Se¢me orman kurulusunun zaman igerisinde bozulmamas:
icin, cap basamaklarindan kesilecek agac sayilan optimum kurulustaki mescere bozulmayacak se-
kilde saptanmalidir. Bu durum baska bir cahsmada ele alindig1 icin, burada ayrintiya girilmemistir.
Odun verimi kalite ve kantite agisindan maksimum diizeye gotiiriilmek isteniyorsa, burada tnerilen
yontem kullamilabilir.
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Tablo 1: BOD=0.90 ve SK=1.00 icin hektarda, goknar secme ormarm temel kurulusu
Table 1: Basic structure of fir selection per hectare for BOD=0.90 and SK=1.00

Cap - . ; Periyodik Yillik Ortalama
Basamag Bugunki Mescereden On Y1l Sonraki Mes periodic annual mean
dimater Agaglarin cerede Adaglarin Periyot
ats of trees in stand of trees in stand P Ty Sontind
toda ten years later ogis Yuzeyi lacim Artimi
¢ Antimi volume incre- Cikarlacak
basal area incre- ment Agag
Sayi- Go- Ha- Sayi- Go- Ha- ment m? m? Sayisi
cm si gus cim si gis cim the number
the Yi- the the | Y- the nOf;::s :zd
: 1 u- - (= @ deduc
ol I I o I T I I B I By
Agacta makta Adacta | makta period
basal basal fora ina fora ina
a:?a i a:;a o tree class iree class
4 155 0.0618 | 0.193 150 0.0599 | 0.187 | 0.00005 | 0.0083 | 0.00015 | 0.0236 7.1105
8 132 | 03798 | 1.421 128 03693 | 1.383 | 0.00018 | 0.0237 | 0.00109 | 0.1435 7.7695
12 111 0.8732 | 5.526 108 0.8512 | 5.394 | 0.00037 | 0.0406 | 0.00406 [ 0.4511 8.1375
16 95 1.4612 | 13.024 93 1.4297 | 12.739 | 0.00062 | 0.0587 | 0.00882 | 0.8378 8.4465
20 80 2.0352 | 22.943 80 2.0311 | 22.875 | 0.00093 | 0.0747 | 0.01660 | 1.3281 8.5266
24 67 2.5398 | 34.323 69 2.6137 | 35.312 | 0.00130 | 0.0869 | 0.02660 | 1.7825 8.4072
28 58 3.0605 | 47.687 61 3.2305 | 50.200 | 0.00169 | 0.0980 | 0.03804 | 2.2026 8.2029
32 48 3.3806 | 58.399 53 3.7451 | 64.770 | 0.00208 | 0.0998 | 0.04971 | 2.3860 7.8473
36 42 3.8013 | 71.247 46 4.1738 | 78.286 | 0.00243 | 0.1021 | 0.06044 | 2.5384 7.2303
40 35 3.9664 | 79.203 41 4.6468 | 92.790 | 0.00272 | 0.0951 | 0.06920 | 2.4222 6.6662
44 0 0.0000 | 0.000 33 4.8389 |101.416 | 0.00000 | 0.0000 | 0.00000 [ 0.0000 5.7252
48 0 0.0000 | 0.000 3 14386 | 9.823 | 0.00000 | 0.0000 | 0.00000 | 0.0000 0.4867
TOPLAM : 823 21.57 333961 867 2845 475166 0.69 14.12000 84.63
Buglinkii megcerede bulunan genclik ve difer agaglann sayis1 =910
The total number of juveniles plus other today
Buglinkii megcerede boyu 1.30 m'den kasa olan genglik sayis: = 87
The number of juveniles shoner than 1.30 m today
Periyol sonunda megcereye katlmayan ajjag sayis: = 43
The number of juveniles that can not grow in stand at period end
Periyot sonunda megcereye kaulan agaglann sayis: = 44
The number of juveniles that grew in stand during the period
Gogiis yiizeyi - The basal arca (m?) = 0.001371 Hacmi - The volume (m? =0.015729
Cikacak genglik sayis1 - The number of juveniles 1o be deducted =1.90
Mescerenin bonitet endeksi - The site quality index of stand =3319m
Megcerenin amag ¢ap1 - The goal diameter of stand =40cm

Yogunluk fonksiyonun katsayilan - The coefficents of density function:
Basamak ajag say1s1 denkleminin katsayilan - The coefficents of diameter distribution function:

A =0.37396E+01

P =0.51270E+01

B =0.413935E-01

Q = 0.41395E-01
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Tablo 2: BOD=0.90 ve SK=1.00 i¢in hektarda, goknar se¢gme ormani temel kurulusu
Table 2: Basic structure of fir selection per hectare for BOD=0.90 and SK=1.00
Cap P . Periyodik Yillik Ortalama
Basamad) Bugunku_ Megcereden OnYil Son‘rak\ Mes- periodic annual mean
diamet Agaglarin cerede Agaglarin Periyot
l::::r of trees in stand of trees in stand Gogas Yizeyi i i Senunda
toda ten years later us Yuzeyl acim Artimi
d i ke Artimi volume incre- Cikanlacak
basal area incre- ment Adag
Sayr- Go- Ha- Sayl- Go- Ha- ment m? m? " Sayis)
cm s gis cim si gis cim ::1number
the Yi the te | Yo the ofiiress o
: be deducted
num- zeyi volu- num- zeyi volu- Tek Basa- Tek Basa- at the snd of
ber e e ber the ne Agagta makta | Agagta [ maka period
basal Sese tora ina fora ina
afed : sk 3 tree class tree class
m m m m
4 N 0.1487 | 0464 | 364 0.1459 | 0455 | 0.00002 | 0.0090 | 0.00007 | 0.0243 9.2965
8 314 | 09030 | 3377 | 309 0.8889 | 3.325 | 0.00009 | 0.0271 | 0.00049 | 0.1531 10.1716
12 267 | 2.1008 | 13.304 262 | 2.0600 | 13.036 [ 0.00018 | 0.0479 | 0.00190 | 0.5083 10.8288
16 225 3.4578 | 30.804 224 | 3.4440 | 30.691 | 0.00031 | 0.0694 | 0.00422 | 0.9492 11.3363
20 192 | 4.8742 | 54.895 | 190 4.8263 | 54367 | 0.00048 | 0.0913 | 0.00819 | 1.5721 11.4870
24 162 6.1466 | 83.104 163 6.1811 | 83.550 0.00068 | 0.1103 | 0.01366 | 2.2124 11.4925
28 137 7.2568 [ 112.773 140 7.4160 |115.250 | 0.00092 0.1256 | 0.02034 | 2.7861 11,2520
32 116 | 8.1747 [141.247 | 120 8.4603 |146.204 1 0.00117 | 0.1362 | 0.02780 | 3.2245 10.7476
36 99 | 89627 [167.997 | 104 | 9.4154 |176.484| 0.00144 | 0.1425 | 0.03554 | 3.5184 10.1520
40 83 | 9.3846 [187.280 90 |10.1818{203.222 | 0.00169 | 0.1405 | 0.04296 | 3.5657 0.3664
44 0 0.0000 | 0.000 55 7.3882153.815 | 0.00000 | 0.0000 | 0.00000 | 0.0000 5.9406
TOPLAM : 1966 S1.41 795204 2021 60.40  980.350 0.90 18.515 112.07
Bugiinkii megcerede bulunan genclik ve difier agaclann sayis1 =2175
The total number of juveniles plus other today
Bugiinkii megcerede boyu 1.30 m'den kisa olan genglik sayis1 = 209
‘The number of juveniles shorter than 1.30 m today
Periyot sonunda megcereye kaulmayan afag sayisy = 154
The number of juveniles that can not grow in stand at period end
Periyot sonunda mescereye kaulan agaglann sayist = 55
The number of juveniles that grew in stand during the period
Giglis yiizeyi - The basal area (m?% =0.001371 Hacmi - The volume (m1 =0.013240
Cikacak genclik sayis: - The number of juveniles to be deducted =125
Megcerenin bonitet endeksi - The site quality index of stand =33.19m
Mescerenin amag gap1 - The goal diameter of stand =40cm

Yoguniuk fonksiyonun katsayilan - The coefficents of density function:
Basamak agag sayisi denkleminin katsayilan - The coefficents of diameter distribution function:

A =0.46112E+01

P =0.55986E+01

B = 0.41395E-01

Q =0.41395E-01




Tablo 3: Goknar segme ormanimin temel ve optimum kuruluslan (d-amac = 40 cm)
Table 3: Basic and Optimum Structures of Fir sclection Forest (d-goal = 40 cm)

i PERIY i il A
Bonitet Siklik at perioc? ge%ﬁ%lg PE?|YQ;SO§U Periyodik Periyodik
sinifi Katsayisi al pariod en g6giis hacim
site density ylizeyi artimi
quality coeffici- Agag Gogiis Hacim Agag Gogiis Hacim Alinacak artimi periodic
class ent sayisi yiizeyi the sayisi yizeyi the agag periodic volume

the the volume the the volume sayisi basal incre-
number basal number basal the area ment
ol area of area number incre-
trees trees of ment
trees
SK to be cut 2 3
0SK N, m%ha m3/ha N, m?%ha m*ha m“ha mha
| 1.00 823 21.57 333.961 861 28.45 475.166 84.65 6.88 141.205
1.17 1966 51.41 795.204 2021 60.40 980.350 112.07 8.99 185.146
M 1.00 1054 24.53 326.017 1115 32.08 455375 120.10 7.55 129.358
1.13 2156 50.16 666.513 2228 59.33 824.064 147.56 9.17 157.551
M 1.00 1363 28.11 320.644 1466 36.36 438.304 164.36 8.25 117.660
1.10 2457 50.70 578.427 2549 60.05 712332 188.43 935 133.905
v 1.00 1779 3248 318.256 1890 41.40 424288 218.33 8.92 106.032
1.07 2758 50.27 492309 2876 59.83 606.195 236.28 9.56 113.886
Vv 1.00 2340 31.79 318.936 2487 47.30 413.396 281.97 9.51 94.460
1.04 3053 49.26 415.619 3202 59.02 512.710 291.21 9.76 97.091
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Tablo 4: Goknar secme ormanmimn temel ve optimum kuruluglan (d-amag = 50 ¢m)
Table 4: Basic and Optimum Structures of Fir selection Forest (d-goal = 50 ¢cm)

- - PERIYOT BASI PERIYOT SONU Periyodik Periyodik
sinifi katsayisi alpetiar bagiing al period end gbgis hacim
site density yizeyi artimi
quality coellici- Agag Gogiis Hacim Ajac Gogiis Hacim Alinacak artimi periodic
class ent sayist yiizeyi the sayisi yizeyi the agag periodic volume
the the volume the the volume sayisi basal incre-
number basal number basal the area ment
of area of area number incre-
trees lrees of ment
ifrees
SK to be cut
OSK N, m%ha m%ha N, m¥ha m¥ha m?ha m¥ha
| 1.00 888 31.78 553.973 923 39.04 712379 78.08 7.26 158.406
1.12 1643 58.93 1028.09 1680 67.20 1210.69 87.04 8.27 182.597
I 1.00 1117 3439 504.676 1166 42.14 643,245 108.92 7.75 138.569
1.09 1834 56.49 829.124 1884 64.97 982.058 117.49 8.48 152.934
M 1.00 1424 37.63 464.779 1492 45.89 585.646 147.08 8.26 120.867
1.07 2151 56.80 701.414 2218 65.50 829.547 153.33 8.70 128.133
[\ 1.00 1834 41.68 433.846 1929 50.42 538.788 193.27 8.74 104.942
1.04 2362 53.47 556.469 2452 62.42 664.208 196.97 8.95 107.739
v 1.00 2397 46.66 410.910 2518 55.83 501.447 247.68 9.17 90.537
1.02 2738 53.22 468.581 2857 62.42 559.576 248.18 9.20 90.995
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Tablo 5:
Table 5:

Goknar segme ormammnin temel ve optimum kuruluslan (d-amac = 60 cm)
Basic and Optimum Structures ol Fir selection Forest (d-goal = 60 cm)

Boriitet Siklik PERI_YOT BA$I PERiYQT SONU Periyodik Periyadik

sinifi katsayisi at period begining at period end qoqis hacim

site densily ylzeyi artimi
quality coellici- Agag Gogls Hacim Ajag Gogis Hacim Alinacak artimi periodic
class ent sayisl ylzeyi the sayisi yizeyi the agag periodic volume

the the volume the the volume sayisi basal incre-

number basal number basal the area ment

of area of area number incre-
trees lrees of ment
trees
SK to be cut . .

OSK N, nt'/ha m¥ha N, m%ha m/ha m“ha mha
| 1.00 932 42.10 792.525 960 49.17 951.978 69.02 7.07 159.453
1.10 1556 70.39 1324.34 1582 77192 1498.90 70.16 757 174.556
I 1.00 1156 43.54 677.836 1196 51.01 813.756 96.52 7.47 135.920
1.07 1699 63.82 992.746 1737 71.66 1137.09 98.06 7.84 144,351
m 1.00 1458 45.59 586.926 1515 53.50 703.201 131.21 7.91 116.275
1.05 1957 60.99 784.698 2011 69.12 904.846 131.91 8.13 120.148
v 1.00 1867 48.43 517.200 1946 56.79 616.892 174.27 8.36 99.692
1.03 2254 58.50 624.840 2330 66.93 725.503 173.38 8.43 100.663
v 1.00 2423 52.74 470.633 2502 61.48 555.642 224.34 8.74 85.009
1.01 2590 56.27 502.151 2604 65.02 587.199 233.66 8.75 85.048
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Tablo 6: Géknar segme ormammin temel ve optimum kuruluglan (d-amag = 70 cm)
Table 6: Basic and Optimum Structures of Fir selection Forest (d-goal = 70 cm)

Boslat Sikiik PERIYOT BASI PERIYOT SONU Periyodik Periyodik
sinifi katsayist at period begining at period end gogis hacim
site density yuzeyi artimi
quality coeffici- Ajag Gogiss Hacim Agag Goglis Hacim Alinacak atimi periodic
class ent sayisi yiizeyi the sayisi ylizeyi the agag¢ periodic valuma
the the volume the the volume sayisi basal incre-
number basal number basal the area ment
of area of area number o=
trees trees of ment
trees
SK to be cut 2 )
OSK N, m%ha m?/ha N, m?%ha m¥ha m*/ha m'tha
I 1.00 961 51.66 1022.37 984 58.31 117562 60.54 6.65 153.257
L1 1688 90.65 1793.39 1706 97.65 1960.42 56.41 7.00 167.027
M 1.00 1179 51.13 823.229 1213 58.18 952.460 86.23 7.05 129.231
1.07 1733 7497 1206.42 1763 8227 1341.96 83.64 7.30 135.543
m 1.00 1476 51.48 675.719 1526 59.00 785.945 119.54 7532 110.226
1.04 1868 65.19 855.781 1915 72.84 968.231 117.75 7.65 112.450
v 1.00 1882 53.30 574.292 1953 61.28 668.573 160.71 7.98 94.281
1.02 2133 60.36 650327 2202 68.38 745.093 159.38 8.02 94.776
v 1.00 2434 56.31 502,744 2532 64,74 583.685 210.85 8.43 80.941
1.00 2434 56.31 502.744 2532 64.74 583.685 210.85 8.43 80.941
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Tablo 7: Goknar secme ormammn temel ve optimum kuruluglan (n-amag = 6 agag)

Table 7: Basic and Optimum Structures of Fir selection Forest (n-goal = 6 trees)

PERIYOT BASI

Bonitet Sikik ; s PERIYOT SONU Periyo- Periyo- Amag
sinifi KalEse al period begining at period end dik dik capi
site yisi gﬁc]i.'ls hacim lhe

quality density Aga Godiis Haci 5 BA0 : yuzeyi artimi recipro-
class coeffici- i ks = o b ek Alinacak artimi periodic cal

say|isi ylizeyi the sayis| yizeyi the agag odi | v
ent the the volume the the volume sayIs| L yorme b
number basal number basal basal incre- diameter
the area ment
of area of area number :
trees trees incre- .
of ment
trees
to be cut
SK N 2h / 2 3
ok 5 m?/ha nr'/ha N, m?ha m3ha m¥ha méfha i
| 1.00 981 60.52 1240.63 1000 66.72 1385.51 53.27 6.20 144.883 80.57
113 1944 138.37 2921.58 1950 146.62 3122.99 41.95 8.25 201.419 96.67
n 1.00 1184 33.15 861.880 1217 60.08 988.919 83.58 6.93 127.039 73.25
1.03 1402 64.91 1058.65 1432 11.87 1187.31 80.71 6.96 128.651 76.51
m 1.00 1474 50.73 664.562 1525 58.30 T75.651 121.01 1.57 111.089 68.21
1.01 1565 54.17 T10.315 1615 61.78 §22.000 120.58 7.61 111.685 69.19
I 1.00 1875 50.84 545916 1950 59.02 643.071 167.53 8.18 97.155 64.52
1.00 1875 50.84 545.916 1950 59.02 643.071 167.53 8.18 97.155 64.52
v 1.00 2425 53.32 476.054 2530 62.01 560.438 22215 8.69 84.384 61.70
0.99 2268 49.56 442.419 2374 58.26 526914 223.5 8.70 84.495 60.86

901

A100DVEVS YIWQ



OPTIMIZATION OF UNEVEN - AGED FIR STANDS
AND ITS IMPORTANCE IN MANAGEMENT

Dog. Dr. Omer SARACOGLU

Abstract

Here, a method is offered to obtain optimum structures for fir selection fo-
rests. The natural relationships that currently run in unevenaged fir stands of
southern Black Sea Region were based on in the calculations of the optimum
structures which depend on the variables, goal diameter of breast height, stand
density cocfficient and site quality degree. The optimum structure maximizes
the periodic stand volume increment per hectare. The calculation methods used

were applied in a computer program, MAXART written in FORTRAN 77.

KEYWORDS: Normal, basic and optimum structures; Density coefficient; Site
quality degree; Periodic stand volume increment; Maximization; Iteration

1. INTRODUCTION
CONCEPTIONS OF NORMAL, BASIC AND OPTIMUM STRUCTURES

The normal structures of uneven-aged forests are represented by the diameter distributions
which the typical, natural selection forests of normal density degree (SD=1) (DE LIOCOURT
1898; SCHAEFFER-GAZIN-D'ALVERNY 1930; MEYER 1952; PANAGIOTIDIS 1965; AY-
KIN 1976; ERASLAN-YUKSEL GiRAY 1984; SARACOGLU 1988, 1992) demonstrates with
the dependence on site quality. We call these distributions appearing in the shape of reverse-j cur-
ve as basic dameter distributions.

In an uneven-aged stand with normal structure, the biggest diameter (dmax) allowed natu-
rally to grow is a stationary parameter of the stand. Provided that the basic diameter distribution
curve of such a stand stays fixed, if the biggest diameter of it doesn't equal to the biggest diameter
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which the nature is able to grow up, the stand isn't of normal density degree and we also call then
stand structure in this attitude as basic structure.

The biggest diameter of the basic strutcure might be taken as goal diameter (damag).

The basic diameter distributions curve has a parameter that is related with the density degree
but not with the biggest diameter of the basic structure, which was named as density coefficient
(SK). The density coefficient of the basic diameter distribution curve is equal to one (SK=1.0). If
the parameter of SK differs from one, diameter distribution curve doesn't represent the basic dia-
meter distribution.

Basic structures are handled as an initial structures in obtaining optimum structures. In a
stand with basic structure increasing the density coefficient in the positive or negative direction,
the periodic volume increment of the stand (Iv) can be raised up to the maximum value (Iv;max)
(SARACOGLU 1988, 1992). The structure of the stand with the maximum periodic volume incre-
ment has been called "optimum structure” and its density coefficient also "optimum density coeffi-
cient” (OSK). OSK could be mathematically described using the expression (1). The maximum pe-
riodic stand volume increment is to realize the productivity principle, the first principle of forestry.
The second principle the continuity will also have been realized with the protection of OSK. So,
optimum structures are very important from the point of view of forest management.

2. THE PROPOSED METHOD TO FIX OPTIMUM STRUCTURE

This proposed method of optimization was first put forth in the doctorate thesis of SARA-
COGLU (1988, S. 114-138). In the thesis cited, the mathematical expression of basic diameter
distribution curves was determined as the expression of number (2) dependent on diameter (d-cm,
at breast height) and site quality index (BOE-m).

The symbol n in the formula shows the average number of trees in diameter classes of 4 cm
per hectare. The correlation coefficient of this expression, R=0.88706 is bigger and more confiden-
tial than those of other relationships concerning with an uneven-aged fir stand. This is the why the
expression (2) has been based on in the determination of optimum structures. Later introducing the
density coefficient variable (SK) into this expression so as to be convenient with the results of ME-
YER (1933, 1952), the expression (4) has been produced. Assuming SK=1.0, it is possible to ex-
ract the eqution (3) or (2) from the expression (4). In MEYER's formula (6), the coefficient k,
which was informed to be related with stand density, compromises with the coefficient
P=(b0+b2*BOE) SK of the expression (4).

The expression (4) allows us to obtain all the diameters in a fir selection forest stand of one
hectare for given values of SK and BOE. To satify this, it is necessary to determine the statistical
density function of the expression (4), whose form is like y=EXP (A+Bd). The expression (4) can
be stated by the integration of this statistical density function inside a diameter class such as in the
expression (7). Assuming that the diameter class width Ad=4 cm, the coefficients A and B of the
statistical density function can be calculated by means of the equtions (8) deducted from the exp-
ression (7).
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The diameters of trees in a fir selection forest stand of one hectare can be computed with the
help of the expression (9) obtained by integrating the expression (7) inside the two consecutive di-
ameters, provided di<di+1. For that there is only one tree with the diameter di+1 between di and
di+1, the expression (9) has been equalized to one. The expression (10) has been issued from the
expression (9). Using the value of i=0, 1, 2, ....... , (r-1) in the expression (10), all the diameters in
stand of one hectare can be computed dependently on just adjacent diameters less than themselves.
If each diameter is used to find the next bigger diameter, the r'th diameter of stand can be derived
from the expression (11) depending on the least diameter d, . Assuming r=1,2, 3, ...... , N, all the
diameters in stand can possibly be computed. In order to get number of trees joining into stand, the
value - 2 has been given to the least diameter d; as an initial value.

The negative diameters (N1 as number) issued from the expression (11) represent the
nonexisting diameters of saplings whose heights can not exceed 1.30 m. When the periodic (of ten
years) diameter increments, which are computed by the eqution (14) of diameter-diameter incre-
ment relationship, are added to all the diameters pertainnig to themselves, the diameters of period
end in stand are obtained (SARACOGLU 1988, S. 59). The variable G in the function (14) is the
stand basal area computed with the help of the formula (12) using the diameters of period begi-
ning. N is the total number of trees in stand. The negative diameters (N3 as number) of period end
represent the nonexisting diameters of trees whose heights can not exceed 1.30 m within period.
On the other hand, the numbers N2=N-N1 and N4=N-N3 denote the numbers of trees in stand
whose heights exceed 1.30 m at the begining and end of period respectively. Yet, the number
N5=N4-N2=N1-N3 is the number of saplings that can join into stand within period, i. e, whose he-
ights can exceed the height 1.30 m during this time.

The heights of trees in stand can be computed using their diameters and the site quality deg-
ree (BOD) of stand in the expression (15). The relationship between the variables BOD and BOE
was expressed by the equation (5). The variable R in the expression (15) were determined by the
expression (16) and, shows the avarega range depending on diameter.

Yet, the volumes of trees whose diameters and heights are known are computed by the volu-
me equations numbered with (17) for d<10 cm (SARACOGLU 1988, S. 22) and with (18) for
d>10 cm (SUN-EREN-OPRAK 1978). Also, the increment of each tree are found by subracting
the period-begining volume from the period-end volume. The sum of volume increments of trees
which has been obtained for SK=1.0, becomes the first computed volume increment of stand who-
se structure are also determined (See Table-1). Later, giving increments of + 0.01 to the variable
SK, the volume increment of stand is computed for the each value of SK and this procedure is ite-
ratively carried out until the volume increment of stand reachs to its maximum value. At the maxi-
mum point, the optimum stand structure (See Table 2) and the optimum density coefficent (OSK)
are just fixed (SARACOGLU 1988, S. 121). Here, the iteration procedures are carried out in com-
puter in a short time by means of the program named MAXART written with the programming
language of FORTRAN 77. The program can compute the optimum stand structures of selection
forests for 51 site quality degrees-etween 0.0 and 1.0 with the increments of 0.02. The site quality
degree encountering to the smallest site'f:luality index (BOE=19.71) is BOD=0.0 and, to the biggest
(BOE=34.69) ise BOD=1.0.
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3. CONCLUSIONS AND PROPOSALS

The program MAXART was run in convenience with offered metod for the goal diameters
40, 50, 60, 70 cm and the goal number of trees in the last diameter class, n, ;. = gy, = 6. Summa-
rizing the output tables produced, tables relavent with the basic and optimum structures of fir se-
lection forests have been given as total for the goal diameters and number of trees in the last dia-
meter class (See Table-3,4,5,6and 7, SARACOGLU 1988, appendices). The reciprocal goal dia-
meter (d, ) of n-goal can be computed by using the formula (13) and these values were shown
on the relevant output tables of computer.

According to the outcomes on the tables, as far as the goal diameter decreases, the periodic
stand basal area and volume increments increase in every site quality class. For Nyoal = 10, the out-
comes seem to be more meaningful. It has been understood that the number of trees to be cut out in
stand at period end will not be able to be effective in protection of optimum structure, because of
that they were computed without regarding the effect of diameter-diameter increment relationship.
Because of this, it is necessary to behave expediently in protecting the optimum structure. If it is
wanted to promote the yield to a maximum level. According to quality and quantity, the methot
proposed here can be used.
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