-~

- Ve i 5 e /W oslos ot Jlo ) s JSin (oolips,

" ’55)-' AJ&"

el Jlowd Jhmmadli S 53 il Aig8 15,1 g o s Lous s
(22 UK 25,90 anlliao)

T s e s 5T Sl g0 T ol ¢ gmon 368 B

(k-hamidi86@yah00.cOM : Jyguue odis ) ¢yl (b @ilio g (65y9liS” pole olSiily (68> (gommiiily =)
ol b @lie 5 55)5liS pole olKtild (S 09,5 eobial ¥
OIR5 «s5pgliS oy 9 pigel «lidod (lojlu )9S &lpe g b K Gl Ao (ingly Hhsbil -V
AWAAYIYY 5o pds o6 WWAAY/NS 2y ol
¥l Ve amin

Sol b e 5 (55,9UlS egle s
Ol G cwludes

[XVLES
A8 (5501l i SR (513 2Ll )3 (o 32 3y90 SWallge (12 Fieen 31 US43 EWT ) 9 e il 1 a3 (gladuasiiies
OW,3 k8 (59) jl EW,) Swihn lp (Y I gycnl I ] FakiaeS g Fedlw (S, B 4 G Gl
ool OBy W) 3yl (lp W, —ylE il sladae 55,54 Wil g 0k GiRgR 53 g o3l
ovgy 3 adlle (ol 30 M wyp 0dlags WSy iy UK aBuel 9 Jlmeal 03¢5 43 (Fagus Oriantalis Lipsky)
EUT,1 5 okl ol 1 g oaliil i Vo Coluw g y0)00 XYoo 213y kel dSindd dlasd Uy dobad plite (2,15 priges
53 2,5 OB UG (glo 15 diged axkad ¥E0 I Wil Cayd aply TR cdiged dxlad 35 00 s S D Cp S0 g (2 T yokad
Jue Vo 5l oaliiaw! b o o3l (63,5975 g0 Uyl (8l waoyd Yo g (gilwdio (g1 o313 51w yd Vo idgds o)
A5 5 Ghly i Slgies £185) om Bl (6ol Ans Jto & 5 (5ol 93 Jae 1) ol 85 b (ggees 5
bl (51 )lxo 51 o3liswl b Juto o2 yie QL1 9 Lt (23] yolateds 9 b JWos 9 4525 9 (o2 Sano guiie (ylis ey
Uiyl B lre guls a5 a1 LS suel Cowddy bl Wl 23, Syl s ue jlisl ou,l 9 s Ol g (Rilko Hgdoxe
ENY o iy slad Olaype 655l jodome b Jgmly 9 S ((SundsSSly 58 Jao il od b (3L 5 Cglis Je
CE3 b AT, s, E5,1 3)00p 5Tyt otn aUlsi o /) 9 —+/00 o /¥A oY a5y o)) 9 E/TY 5 £/TY £/9Q
Jlowd dibue] 9 S pipe JKa 50 Wiy LS 10 g, 3591 33 olei o0 e (! 3 dlluio baylpwd &y dagf U od,yld cawlin

903 83wl oyl ]

Silwdse g1 — a8 o ¢ ad o (ygmm )5 5 515 )l s5 5 g0l

A b g it 29 ol Jled oS (e
o & b 05l gt Jod )b slaaisS
G s o Mo Ve g maw Lo pd WD d9is digS
wop (1) cwl el olaid] da |y ol ks
slofy Cusnl 5l o155 ol )bl 5 (oS sl Shy
OBl Gl ly i)l b cleMbl Wlgs o 5 Coul Hloy95
3 239 b g glasl alaly 5l i gla Jao ke &)
WPy Jomly «BysS G3bm)y —oer il aile
ol odlaiwl j alsie mlie o S 0 5 (SudsSSl)
denlcusly o)lsl 1) 390t lgv oo dhon ) 5l &S ol
9 gW)l (b e Jae 03jg8 I sladllae 13 (V) ) Sen
BRoR 9 (Sigel Sz > Al 45 slaodls sl jlad
W28 ozl MS pdllzMao j3 #8ly yydo sy oSl
sladie doJio g)lo] sladasuio gl (B3 k5 o L
$rded B oshes Jouly gl 3l oo
S @ g b )by ger Jhe Wl ol & izl
Sl @l Jae Olgis K3 Jo 93 b amlie >y
b Sldidy Gaiod dilate ) i) iy )] o b
2glp lp gd)l g a5 (B) oiler 5 Lo
P 9y siaoh (Bigel SN ) gl el
&S oblis ey ol @b 0,8 eolawl (S o
b gded BB gls ) sladie @ Cuns gy Joe

doddo
olrl )b (S i plyedr B la S
Ok 2 & Wl Clusdy ) pelyr ppdelS 2
«.,ul;ls U:)M.w d‘)b u’-u.‘o L;lmwﬁl plo)'
dali (lyiody Sl e g Cusl (a0 g edalidgs
Canb ) (Bllpy Jold bis 0)l)d (3 4l (o9,
JB e N S Gl g o0gd 4B L
old S cizee slaby) sl S pole 3 (S0l
Cople B> 359, 4 dag b (Ve) dgde Cgumone
Alal elel p 3 Gl OB e e K
slodie b)) Gl glpde oy L (gl
ol el Copse lily > Jaaze 5 gy (moie
olple @l Gl 38 gyl —lad Llyy 4 plie
» e bly) yip Sy gl gl — s gla Jse
danogi ) (NS )6 g gl (w)p 9 oy Canb
ool €8 5 (FONY) siten (6y9p0 (x> lapiuss]
s dogkn g B8 e ol ard gl o
(7)ol oo Sl Jpaza 5 Glagy oo 538>
g moe i) dplp lp Ko e s rena
g b8 om oo Ayl (BT Mejls (Gl 38
sladis j1 JS gyl ay5ly (gl g diten s> glas)]
oy 465 (Bl 5l S e oolitul dlws il Jlab g glas))



¥y

Caol 02> &y 1y Jgb LB zobs Woesly (pl (glp sdwe
s bl oy G b adlllas oyl (V) o) en 5 oSS
ol plool ydid )3 Alnus Japonica «o5 ¢l glasyl 4
S ool adllas cpl o a8 s e Jae i Ll
0D CM"" S cﬁ)}l.w‘ 3d5m ym eud Cadylie
@ B Jae Gid p a5 ol ol @ls Jauly 5 B8
lp o 4]y o ool g siogy glisyl 5 ylad dlaly (e
Josls Jao sl agy Sl 5 ajos j edlatel b i )S
wisly (Jad s Jho (b gle > 0les cpyiae gl
ot g Jae VF (V) lfSen 5 sl el
» Cryptomeria fortunei ks > G (gly 1) aidlpposs
o 35 wyp e Glizhou ksl Pingba il
@ oy g Jamly o)l ger cladie & ol ol
SR Sy Sy g pEucold) lain iy S
4w Cryptomeria fortunei a5 cusls 4ly
Gilr D90 3 dgrge @l (wyn g Ager Dedise
g bl a5 w3 ol glis) -l Cilises ola s
soon Dy S sleedg g adlas 350 bl 4
sbdaiss § kollivgy 0 b Jae cpl sl 0dg cglaie
5 0995 o515 o 5l Cglite slacumdse )3 (o> g il
Sy lpl b se cpl e ol 30 ol Couxdse
g e Spoe 9 Juwedl K 0 upde Sl
e sy b ol syid glyy 0jgyel Ll I edlisl
Gliseo slaJde (35,54 Linop ol j G ol 4
SasisS 31 (e sl Jae oyt oS! 5 glisy) - s

sl By €35 Gy Gy i (ool 5 g

sy, 9 3190
YOO /Y Colue b odlbgs isy )0 awyp 350 ddlaie
Gllie g Jiby cod i gyl S s
2 &S Gl 13,8 ddlio hile Gliwl o lyes g drwy
alado o ozl g aiely )0 5 (gl liw g g
S ela)) JBlas .l oids 65‘9_‘&5"93 dibate yd ¢l s
dalate o8l il 510 WO+ o] iSlis g o YAYL > pdaws
ol wsllas glsn g Ol bulyd 5 i gy il
D3 5 G 5 @5 5l slalinte slagddl )35
oolel g aVle S65L e ) )b adlato 4, Jlos
YA ko) dilaie wlidlen CleMbl g Ll slaosly
A o i e oo AYY/A L) aVle )b (ke ol
Cuwl 31,5 Bl VWY aVlo lawgio ylys do > Cpioren

Wer planli g jle /WY osled fats Jlo gl sl Sia (oulidps:

G52 35l p sl )] 5 jlad e (slaJae (55,
Olf)f OMS Cunis Lio/" 9 9 gi» dL“d)M’ )’l ;w.’>u
(b gt SowySy Jo WAl osliial b b))
W ply b g ally e glaea eW)l o bLS)
e slez bl gls b (poyp Jhiae e Glyica
30y pely ((SudsSSly (Sgyola oS L o))
cwiya glad Olupe (1:She jedome Moyd b Jonly o
Su355 5 lin gl 2oy /o) 5 WW/o) AY/AY AY/AN
Sy OB gd)l 0yl lp 095 UlF g edppaa
e pe o Jie byl 0 (V) ohlKes 5 olle aizils
okle, B Sy » Kug &5 eli)l -l
g5 Jao (2bj)l slojlime a5 aBly o donsi (nlay
SPGine ol slel s 5l g il Sasy b (ool
ol g caliso gla Juo I ookl b ods 3,91 polie o
T ek (bl 3939 Moy A el pdaw jo  Ably
F Sgpmly & (wdin (puin (Jad s Sg S Je
9 IM e oo b (o) 8 g (39lé — s ye =15 550
YN NN Gy slas Slaye 1Sbe jgiome oy
oo S5 5 alde @l woy VAY 5 VAL YA
b s sy gl dy5ln sl (oo (Ul 5 2l
5 ks b, (YY) ohSen 5 )l ozl el e
ly o)lmym e Jdo g onp ) (Bpd 3] 455 elis)]
) OhlSon 5 Fls 05,5 e cslio Jio plsisn
Ll 0ye Jlod Jluonls (slaosgs glas)l 59l cla 39,
3l ol Cowdty @S g 26, w5 4325 9 (yn |y
Olise cizual Gl b glaJao o5 dblis gl suiow
{F+) oher 5 KI5 ilosly jials lod e gla Jue
2 oty gyl ks daly gl |y (b e Jle i
g b il 1 el sastie WYL Gy Jloss gl K
£l adls e Jsaly Joo o 5 ol adlhe b
B8 oo (1Y) GhlKen 5 jumes 1S )90 1y <80
38T oy p O Gl Al JS*-’/’.’ 2l eyl
s9iome uSke oS Db LS Bads I edel Cuwday @ls
d)}l D ye )Lg? iy 99 (w2 0l 03lew dLQ:JJ.A L;Ua$
EL&S)I b)slﬁ d]).g adlas ")J“I 5 ¢(\9) Ol)lfw.b 9 5JL..Q(0
(elod 1 il &S il glisy) 5 b clo e}l i,
degomro .35 oalaiwl Wb o Jolds 1y oy sladisS
w5 oyl g Jos Gyl dusl digyl 5 obaesls
Wge dzkad YVIV 5l cd > i WY 00 ol bl
9 S Jhe o8 0D (L G ol @l Sl



vy Ol Jlos sl JSi 3 3 4555 gl g b (sl Jso (o
h
53°13'30"E 53°15'0"E 53'161'30"E 53'1§'0"E
£
&
=
z 3
\ 3 I
~
: :
z
z |5
2 :
Elevation (m)
ol Y s High: 1750 |z
8l W 3
: - B ow 782 &
L 0 05 1 2
— 1km
2
= o
:S =
h 53°13'30"E &'15'0'5 53°16'30"E 53‘1&'0'5 k
asdllae .5)9.4 ddlais L.,ud?o -\ MJS..::
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Table 1. Diameter and height models used in the study
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Table 2. Descriptive statistics of diameter at breast height and height of beech trees
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Table 3. Regression coefficients of models used in the present study
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Table 4. Calculated values of determination coefficient, modified determination coefficient, RMSE, BIAS and AIC for
modeling and validation of 20 nonlinear models
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Figure 2. Graph of diameter and height of the selected two- parameter model
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Figure 3. Graph of diameter and height of the remaining two- parameter models
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Figure 4. Graph of diameter and height of the selected three- parameter model
45 -
40 - === HDprodan
35 - ---m-- HDlogistic
30 - == s== HDrichards
2 Eos |
'_i) _‘C: 25 =3¢ =HDgomperz
1, 820 - .
~ T === HDsibbesen
15 -
= <¢= HDhossfeldIV
10 -
o HT
5 -
0 T T T T T T T 1
0 20 40 100 120 140 160

60 80
(otle) g pl 5 a3

DBH (cm)

e ¥ o s ile 165 g b isnie — JS5
Figure 5. Graph of diameter and height of the remaining three-parameter models

obol cpl 0 (V) Conl adlaie S 51 3By leMbl siojls

b suey srodly Loy Lgl.tbo)l.a] 5! odel Cowddy ol
)] odly L)"] LY A 0 uLwA Ot&)b &L‘ﬁ)] 9 dw )gl)g

B> wleMbl Oa)fosl.o] S d)lgﬁ)bj kol Ban
drwg (SR> mle Copde snyaly (lp pRaa o
a6 35 paonas (pl &S ol Blas sladoly ¢ sl



v

S Jo (yp gladin (olos (58,5 Hlai o L o e
Jled 5> (bl by il sagte > dae (Bl 4
Hgh o By Jluanl 5 Spore K p» ol
L &S g 4o ¥ oogs j0 s Oluye pSlke jodze
(V) ohSer 5 sdonl (Vr) Ko 5 (gaome Glalllas
Ol e Cusl 0391 e (1Y) lSen g (junes
9 (F+) ohea S5 (V) phlSen o iz L aslllae
wlie sasobal Jio g5 bld 51 (V) o), Ken 5 gllige
o imgs ;500 b odel Canddy ol awglie .Cuwl 039
0dg7 g5 0dgi Hlinlw Ao u]“’|9'° RES Y| P fab_d‘
RS sl Jao g5 el )3 0a3al)S 54y Je 95 5
Jowly 9 3l ¢ (Sudgsly 5 Bys8 slaJre wiz b sl
390 ddlaie > o Jde ady 4 Cond 3)Slos oy )b
w9 g (plig) blpd lss Jdsa Ll o)l ()
Sy Cal (e 8 S Sy 3 gyl g slad ala
sobds A ply Jld g £l Jao Sy drwgi sl cnlpl
A5 5l R0 lapsie | gl 035 o sl e
5 S ;3 ol g 0397 alade pdaw Jold 4 iy
Jol dice )y 3959 dliwe 93 (Jg 5,5 edlaiiwl ccuwl 0 s
(shos dix pod dlis &5 (S)y90 > sl djay g poke;
WS o ol ]y €8 eyl ) 6588 oyl g 2.0
O ORo jl edelcwdt @l 4 dxgi b (e TN)
Slaie 45 35 (S e Ol el 2 o)
@ Jouly 9 s ((SudgSSly 8y (bl S S
9l > (> RUlF g Al K5 4 S35 g wlde
b Jse cpl cplply caidh cuwlo céds b sy gl
g b Sygpo 0 (IS B el syl 0 Al e
2 oolpl Jed R0y e gble @l ol IS
llae ) piomed Ligd odlitel Sy sla Sis
slaio | )sSde slare p ogMe 298 c0 Sty (sn
9 uoly ol glasyl 56l 45 50 Mixed Model Effect
Ol Olgtr g 29 odlisul S sl S sladigS S0
Sy SR Ghptelp » Slles Gjgon ]y b Jae

Wer planli g jle /WY osled fats Jlo gl sl Sia (oulidps:

5 o le YWA UAY/D duw plp lab xowy 4l
ol Sl s ol ok ] i ¥4/0 b A lisy
2 Oy Ol Bl g 5lad (peled oy jgboay o
OS> gyl 5 jlad Lalg) (gilu Juo jolaiod; a5a8)S jlas
o 2 Sas ol o edlatwl led e S G 1 i,
oyt s Alan ) Gilisa (glaylins 51 03lizal L Lo o
9 b Sluye (1SSbe jgdome Bl hasd (pud oy
95 ot oy 51 45 3 (s ol (1) 45 byl o)
(SudoS3ly (VA Jo) B)s8 Juo (b 0l d
s9ieme b ((V0J%e) Jouly 5 (V Jie) s (VA o)
FIYY 5 ¥IVY 1N FAY s sllas oo 5l
Guyd 9 =V 5 =[O0 /YA <NV g o)l s
Slazadlys g IFANY 5 [FAVY [SAVY /SAVS oy
Syglp |y addllae 3y90 adlaie 3ly b3, b)) aastie
Y A8l e guued (B XVARTNS) Slalllas | 8 S
o2 b ool oles o Jie 1 ool Cawddy gl cuwl S5 4
JS als clban (V) ySen g oolle ol b a5 sizals
9 () 09)5) oyl ¥ sla e glis)l g jlad (izxio ¥ 5 ¥
09,5) oyl ¥ sl Jas gl g b ioxio B 5 ¥ S5
h o Ohiln ) eg)S 3 Gosuly Jae s L ) (V
Ngy day & yio e FO Jhd | & s sad o ol
e (1 JS) )by (s )l gm0 (BleSe
S ) ol slaylad 3 gl)] jlade Yog)S 5> Situcd
09,5 ) Bshloms g plo b Juo ¥ (el 935 (Gmiie
)l xie S8y V' 09)S 53 Ml g jresS (sl Jae 5 )
sy (5503 sbaJae | iyl 1 sl alingdly ot
sl i Lol MB] (0 o Y JSS) conl oad s i
Voo S SVL glahd cleay daie ile b e
il Jlad L oSty anls o Casl o ko
95 bl Vo Jde 3 ysSde oSS 4 anle L (F)
5 Jsl 09,5 wiles Jae Cluil cde )y ¥ sla s
2 ped 095 SwdsSly g BygS Jamly lade
ol (TYFD JS8) Al jpolad (55> el iy



YA

10.
11.
12.

13.

14.
15.
16.

17.
18.

19.

21,

22,

23.

24,

25.

ol Jlos Jluanl JSiz 55 il 855 6l ) g 5 sl Jao (oo

&l
Ahmadi, K., J. Alavi, M. Tabari and W. Aertsen. 2013. Non-linear height-diameter models for oriental
beech (Fagus orientalis Lipsky) in the Hyrcanian forests, Iran. Biotechnology, Agronomy, Society and
Environment Journal, 17(3): 431-440 (In Persian).
Alami, A., J. Oladi, A. Fallah and Y. Maghsodi. 2018. Evaluation of non-linear models of diameter -
alder species in Hyrkani forests (Case study: Rezaiean Forest), Journal of natural ecosystems Iran,
9(2): 1-12 (In Persian).
Anacioco, K., J. Gorio, M. Padsico, R. Lumbres, N. Doyog and Y. Lee. 2018. Fitting and evaluation
of height-diameter models for Alnus japonica in La Trinidad, Benguet, Philippines, Journal of
Mountain Science, 15: 2422-2432.
Anonymous. 2012. Forest Management Plan of Farim. Published by forest, Range and Watershed
Management Organization, Farim Wood Company, 437 pp.
Bayat, M., M. Namiranian, M. Zobeiry and T. Pukkala. 2014. Growth Models using to Simulate and
Investigate Different Forest Management Methods (Case Study: Gorazbon District in Kheyroud
Forest, North of Iran). Journal of Forest and Wood Products, 67(4): 595-612 (In Persian).
Castano-Santamaria, J., F. Crecente-Campo, J.L. Fernandez-Martinez, M. Barrio-Anta and J.R.
Obeso. 2013. Tree height prediction approaches for uneven-aged beech forests in northwestern Spain.
Forest Ecology and Management, 307: 63-73.
Chai, Z., W. Tan, Y. Li, L. Y, H. Yuan and Zh. Li. 2019. Generalized nonlinear height—diameter
models for a Cryptomeria fortunei plantation in the Pingba. Web Ecology, 18: 29-35.
Curtis, R.O. 1967. Height-diameter and height-diameter age equations for second growth Douglas fir.
Forest Science, 13(4): 365-375.
Eslami, A., S.M.T. Hoseini and Kh. Sagheb-Talebi. 2016. Investigation stem number in the first
diameter class for obtaining sustainable stands considering close to nature silviculture (case study:
Shamushak forest, Golestan province), Journal of Wood & Forest Science and Technology, 23(2):
111-124.
Flewelling, JW. and R. DelJong. 1994. Considerations in simultaneous curve fitting for repeated
height-diameter measurements. Canadian Journal of Forest Research, 24: 1408-1414.
Huang, S., S.J. Titus and D.P. Wiens. 1992. Comparison of nonlinear height-diameter functions for
major Alberta tree species. Canadian Journal of Forest Research, 22: 1297-1304.
Gomperz, B. 1832. On the nature of the function expressive of the law of human mortality, and on a
new mode of determining the value of life contingencies, Philosophical Transactions of the Royal
Society of London, 123: 513-482.
Lumbres I.R.C., C.A. Abino, M.N. Pampolina, G.F. CaloraJr and Y.J. Lee. 2016. Comparison of stem
taper models for the four tropical tree species in Mount Makiling, Philippines, Journal of Mountain
Science, 13: 536-545.
Mehtatalo, L. 2004. A longitudinal height-diameter model for Norway spruce in Finland. Canadian
Journal of Forest Research, 34(1): 131-140.
Mehtatalo, L. 2005. Height-diameter models for Scots pine and birch in Finland. Silva Fennica, 39(1):
55-66.
Mehtatalo, L., S. de-Miguel and T.G. Gregoire. 2015. Modeling height-diameter curves for prediction,
Canadian Journal of Forest Research, 45(7): 826-837.
Meyer, W. 1940. A mathematical expression for height curves. Journal of Forestry, 38: 415-420.
Michailoff, 1. 1943. Zahlenm™ assiges verfahren f* Ur die ausf” uhrung der bestandeshhenkurven.
Forstw. Clb U Thar. Forstl. Jahrb, 6: 273-279.
Mohammadi, J. and Sh. Shataee. 2017. Investigation of Different Diameter-Height Models (Carpinus
betulus L.) in the uneven forest masses of shast Kalateh in Gorgan, Iranian Journal of Forest and
Poplar Research, 4: 700-712 (In Persian).

. Mosaddegh, A. 2015. Silvicture. Tehran University Press, 496 pp (In Persian).

Naslund, M. 1937. Skogsf™ ors” oksanstaltens gallringsf™ ors™ ok i tallskog (Forest research intitute’s
thinning experiments in Scots pine forests). Meddelanden frstatens skogsf” ors™ oksanstalt H™ afte 29.
In Swedish.

Ozel, H.B., U. Karadavut and M. Ertekin. 2010. The use of growth models in nvestigating oriental
beech (Fagus orientalis Lipsky.) Natural juvenitilies growth performance, African Journal of
Agricultural Research, 5(18): 2544-2550.

Ozgelik, R., M.J. Diamantopoulou, F. Crecente-Campo and F. Eler. 2013. Estimating Crimean juniper
tree-height using nonlinear regression and artificial neural network models, Forest Ecology and
Management, 306: 52-60.

Paulo, J.A., J. Tom’e and M. Tom’e. 2011. Nonlinear fixed and random generalized height-diameter
models for Portuguese cork oak stands. Annals of Forest Science, 68: 295-309.

Pear, R. and L.J. Reed. 1920. on the rate of growth of the population of the united states since 1790
and its mathematical representation. Proc. Nat. Acad. Sci. U.S.A, 6: 276-288.


https://link.springer.com/journal/11629
https://link.springer.com/journal/11629

ya Voo ULJ.»;L’})Q(J/\V D)Lo‘fl' /W JLA L)I))‘ L;Lm L&>/'. L;u‘.uufy

26. Pesche, W. 1938. Mathematical methods for growth studies of trees and forest stands and the results
of their application. Tharandter Forstliches Jahrbuch, 89: 169-247.

27.Prodan, M. and S.H. Gardiner. 1968. Forest Biometrics. Pergamon Press, Oxford, 447 pp.

28. Ratkowsky, D.A. 1990. Hand book of nonlinear regression. Marcel Deccer inc., New York, USA.

29.Richards, F.J. 1959. A flexible growth functions for empirical use. Journal of Experimental Botany,
10(29): 290-300.

30.Séancheza, C.A.L., J.G. Varela, F.C. Doradoa, A.R. Alboreca, R.R. Soalleiro, J.G.A. Gonzalez and
F.S. Rodriguez, 2003. A height-diameter model for Pinus radiata D.Don in Galicia (North-west
Spain), Annals of Forest Science, 60: 237-245.

31. Schumacher, F.X. 1939. A new growth curve and its application to timber yield studies. Journal of
Forestry, 37: 819-820.

32.Seyd, Z., M. Moayeri and J. Mohammadi. 2014. Introducing the Criteria and Indicators of Measuring
Stand Structure in Sustainable Forest Management, Journal of Conservation and Utilization of Natural
Resources, 2(2): 25-38 (In Persian).

33.Sharma, M. and S.Y. Zhang. 2004. Height-diameter models using stand characteristics for Pinus
banksiana and Picea mariana, Scandinavian Journal of Forest Research, 19: 442-451.

34.Sibbesen, E. 1981. Some new equations to describe phosphate sorption by soils. Journal of Soil
Science, 32: 67-74.

35.Sirkia, S., J. Heinonen, J. Miina and K. Eerikainen. 2014. Subject-specific prediction using a
nonlinear mixed model: consequences of different approaches. Forest Science, 61(2): 205-212.

36. Stoffels, A. and J. van Soest. 1953. The main problems in sample plots. Ned. Boschb. Tijdschr, 25:
190-199.

37.Temesgen, H., C.H. Zhang and X.H. Zhao. 2014. Modelling tree height-diameter relationships in
multi-species and multi-layered forests: A large observational study from northeast China. Forest
Ecology and Management, 316: 78-89.

38.Weibull, W. 1951. A statistical distribution functions of wide applicability. Journal of Applied.
Mechanice, 18(3): 293-297.

39. Wykoff, W.R., N.L. Crookston and A.R. Stage. 1982. User’s guide to the stand prognosis model.
USDA Forest Service, General Technical Report (GTR), 133 pp.

40. Zhang, X., A. Duan, J. Zhang and C. Xiang. 2014. Estimating Tree Height-Diameter Models with the
Bayesian Method, Journal of Scientific World, 240-249.

41. Zobeiry, M. 2009. Forest Inventory, Tehran university press, 401 pp.


https://www.hindawi.com/50202186/
https://www.hindawi.com/19213473/
https://www.hindawi.com/40862831/

Ecology of Iranian Forests, Vol. 9. No. 17, Spring and Summer 2021 ....... ..ottt 40

Investigating the Diameter and Height Models of Beech Trees in Uneven Age
Forest of Northern Iran (Case study: Forest Farim)

Seyedeh Kosar Hamidi', Asghar Fallah?, Mahmoud Bayat® and
Seyed Ali Hosseini Yekani?

1- PhD Student, Sari Agriculture sciences and Natural Resource University, Sari, Mazandaran, Iran,
(Corresponding author: k.hamidi86@yahoo.com)
2- Professor, Sari Agriculture sciences and Natural Resource University, Sari, Mazandaran, Iran
3- Assistant Professor, Forest Research Institute of Forests and Rangelands, Agricultural Research, Education and
Extension Organization (AREEO).Tehran, Iran
Received: May 6, 2019 Accepted: June 12, 2019

Abstract

Diameter at the breast and height of trees are the most important components in the forest
inventory. Measuring the diameter of trees is simpler and less costly than height; hence,
some equations are used to predict height by diameter of trees. In the present study, the ability
to use different diameter-height models for estimating the height of beech trees (Fagus
oriantalis Lipsky) in uneven age and mixed stands in Hyrcanian forest, North of Iran. In this
study, a systematic-randomly sampling method with 150 x 200m network (0.1 ha) was used.
Diameter and height of the thickest and nearest trees (690 individuals) to the center of circular
sample plots (345) was measured. 70% of the data was used for modeling and the remaining
30% was used for evaluating estimated models. Using 20 nonlinear regression models including
11 two-parameter models and 9 three-parameter models, the relationship between height as a
dependent variable and diameter as an independent variable was considered and analyzed. In
order to evaluate the models and select the best model, the validity of the statistical models was
evaluated using RMSE and BIAS. The results of the model evaluation criteria did not differ
significantly. Korf, Ratkowsky, Naslund and Weibull models with root mean square error of
4.17, 4.19, 4.21, and 4.23 and BIAS of 0.17, -0.38, -0.55 and -0.1, respectively had a good
ability to accurately estimate the height of beech trees. According to the region conditions, these
models can be used to estimate the height of beech trees in broadleaved and mixed forest of
northern Iran.
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