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3. Classification and Regression Tree
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1. Akaike’s information criterion
2. Schwarz’s Bayesian information criterion
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1. Radiation Index

&u:ﬁ W)L:&‘)\ gJ)UJ Jﬁj@ééuﬁ;ﬁa o
45.))_‘.2;,4 osle_l JJ_A wd"ﬁ—l &U}S L;’li))‘ Ls‘f
Al ite Sl sla b 5l slailiate dglie 15 e

CITPIEIRe
e 80l g 5 G2l S 3 ol e
dilaie Colus (28 S s eode S oK alb
il 2a VO B0 LS il slis ) 5 LU VAV
STPOYOR" B YROYANT! LU s 5 ey adbate oyl
Sl 4 § L EOVORYYA" EOVOFYY " Ll ae b
CCHI P R N S OIS L [ S W S A N
S el i 53 e ke WA el g bl g
D25 e 3 YA (slas 0L sl o 5 3 Jlo (slaole
el 3,8 Sl i 55 V7 glas Sle b e Jls olo
CoFal, S sl i 04 AVl gles UKA:A RC OV
o a1y 5 Gl wilaie 53 Ko el 0
bl 5 05 olad Gl d 3l o (Al e sla S
S 5l ds 3 00 a3l A8 oSl sba ol
Ly acdlaie Ol ys sldas S 51 do s ¥ UJ;-)LTJM(Q_';-

Y] '>J3§g5°f-)>

WSS RE XS
A gl aalad VYV 51 p3Y oledil| @ﬂf__‘,},”_zm_g
sl uj“ﬁ)“—-.’c—-ff):‘\"' Colvn Ly (glo ls
s I 2SS Ll 5 6 glaes g s Silateg
A s 5 g Sladad 05 503 e3ly Sl e S eslinl
3L A Ol s fli Sl 5 s il ke el 51
P k;L.av_f}J) S Selal el VIO 51 miy
Ao 5 Lo w5l Pl lar S Je oK)
Dot Loyl 3 e S pLa )l s S 0 s
anla a3 OLis 53 iy pdab Sl alool e il S0Ls

G S s Jyane y b 5d e s G pe


www.SID.ir

Gl b 0S5l wlind d Ol gieay P=0/00 s
A eslizal i (gls iz

L_;U._:.)‘ AIC )‘ AJLLLM'lL;j:xIA rgd\qrg ub&;l Y
ﬂ)y\f)ouyﬁwl&wﬂbégu
.>)|.> |)A|C J.JLQSG\S&)@W\ IJ)J:&‘)‘JQ
u;::ghguﬁ;;»jlgﬁi@.a;\.\’ 50 o wlol Jbe &
d\oM&JJo— l:'. e liasl sl J.‘.""‘"" @.ﬁ S JM)L’@ QLLLﬂ “
Aol 4l sy s alS | AIC &S

e i lore 3 asliid L ks oSS sl X
J}JJJ o3l BIC )l:du )( Lol ol ¥ ufu)) Lolea

Cu AIC )\ eJLQZ_.N‘l_:LAA_PMﬁ) &J'i)_“'é" ¥
oslizal LR (g L] J\jle 3 5> leaps & s regsubsets
Sty Gl it 5l ae sazme 5 op g slome ol )

Uil BIC 31 exlit ol U Lk yazen 3 o e O
BIC e (Sl S ol Cﬁ‘ b ol ¥ U’ZJJ
2,5 ol

l—’LS"l—""«—LJaJU}Z—""JiJ S0 ‘_)JJS U’“'JA?
[)},:.w};) Sy U':')\J’ 6|j.> ;.,\.‘MJLA\)L)‘ oalaul
o S WA aJLﬂ:_».«:‘R L;)LAT J‘f"f:’ DL rpal’t 4.:.w.t )\

. . U A é .
osleal L 05 S s o Al P 5l (6,8 ) shien
5 s G i ot S L ol

.LS&)\J_;JJC,;-)) /.\.‘Dr.q

e DI gla g, Jolke e Liel

Shosliad Ly YU slo s 31 o e okl
N Sa gl 2t e )l Bl (i lie
M OSS L TO ey e edsly sla b

4 Ll O s (GaiS pl s 4y el )

1. Overfitting

O S 5 dds 3 Jlire ) (ST ledlbl Jlas Y
DY osi 0 w2ds 25 o) pons Ay ot
AIC =nIn(RMSE )+Yp ()

e 5o sl ol 3l s SLedlbl jlae Y
DY 50 035 05 D)oty 8 ot 850 S5
AIC =nIn(RMSE )+pIn(n) )

5 O S5 ol o i pesltalin slias n
kbt Sl e Sls 5 sdaee RMSE

G50 S CART L Qg 55 5 sbuai ot 5
53 edd o O g S5 s e sz (g3l
Sl 0 S yle sy sl S CART LelVL
V.:i)j_ﬁ\ o Seer pug gt LSJ_SW Sy aS
Sld s, SO das e A (59353 (S el
s S (St o L 02 45 05 55
C03 P 0% el L3 G5l el e
03,5 ol s Jle Sl O S5 5 suai b
Sleslewl Ly 5 Seslw Ol )3 4y odomg Ol 8
DT 2,8 o ol Jlite i Lo
i ol
0 2o s Slp Rt (e 51— ) 8
N W T I N S I0L -5 P Y (I NES GRSV IS
Jole S s la e (o a2 sk
A sl Ve Bl i 5 (VIF) T bty o9
9 S A 5 s o sl e gl o VIF e
S e 53 ol A 3 e Ve Sl i sl
Shestaul b (g5Ldde 5 as Gl o ga 28
23S g0 s ane sl S

Cotln 5 jeime ORIl iy, b sl dellas s
sl sy i Jlsl R (gl S3le S 3 el o
Wl T ol dallas s Jae 5l s

Ly pvalue i F O3l b e oSS sl )

Opoil 3l eslizal b jols s aite O 5 b gladits


www.SID.ir

FFO

S il) oBingy M5 (g5 (gilude )3 ke i3S sla gy 3,Sdes ) 0

PR &l S oL

M}@L‘b
s S la e i by s i o s glaelsl
)Jcon\bjwa\Yvwkfﬁﬁ‘ﬁﬁﬂ
el o SN J s
Sladis )5 5550 s sla pate Sl st
Ol 5sel glesls assazms 51 ol dnl 550,
Q)J&)J}JDW)\M@QQ.Q‘QM
W‘Mcw&ﬁﬁ&u&j)ﬁbﬂ‘dwﬁ)
35 Sl S Sy e SO S il Sl Jlpl b
L*J..L;"“MJC)Q):_Wj;)Q)))lajf&)|&f
L alie 53 (2555 O S5 53 Sy (slo i sl
Br) OJ\_JMJ\)‘ @l_:.o )\ W<T~3\J§ 2«03)\9- )‘J)N\ t}&w
s s S sl [ 6,58 55 adas (F 5 DAIC
b s e Sdoes Gl 1) S S Gandas ey > AIC
ﬂu_&w&)))\abu}_w\b.}a_wbbdud.lﬁsxs@
s b laais slssl 0 sYIBIC 5 (VD F &5

ol AIC 1 X BIC i sladie ¢l s RMSE

S s Sl 1o s VO ols 35 sel S gazes 5 S
o Olalie o3 YO Juld v lzel 4o gomms 5
Sl e SRSl Gla s, 51 S p gl Y 0l
0355 g0 oslital 530l (glaesls 3w e die il
s L O S5 ul ) ¥ A o 5l ol e X
Shalie 53 55 g e St eiie o (O g S5
Gl it Slde 5 o lesl ezl Ao sazea 5
Byt ity ool Ao saze 5 S0
e e P I PR C PR T
slatas sl Db g aabee 55 G b 5l Ll

Dyl e a3 S LA s ane Ol

RMSE = )

sl L Sl e ks sdzes RMSE o s oS
i @« hlie e bzl de sazes 25 (5l Waodalie
e s iy e @ 5 d 3550 8 ed_dedalia
35 il el glmesls 1 ol Jis el
slaesls 5l ool de game gl 5 (5 e &= aS (53,40
Gl iy it Sl (o Sils 0585 Sl 5 gl
R Y e L RS R EE
Gl b o3litul i sliel a8 pazma 5 (Lo
SMe YO v e Ll ls ) 5l S

S glaods s laea s RMSE 1 Jolize oo jlael

e S yiie (511 ylere 1,50 g (puSile S Ts (Sl 3l ) Jgis

Jloma S oSle  fSle il S Sy
AeJ8Y 1YYa VFYD yeBY by g jl glis)|
7an% AR Yy/s- YIY- G 2oy
AL NARAIN ) Sy il
W/ o¥ YO/AD £¥ ) hoy
Y/EA YEIAN o8 \$ s o
AT y/oy Y/-0 VN b osasns s
Y /¥YVA -/ Y OSex
\IALZ Ve/y Y-/NA \AtZ 3955 4 (S s
SYI¥Y aa/y YYY 5 ol
AV VEY YY/A¥ £ e
NN 5 viay o &l



www.SID.ir

yyas ).u Y E)Lo.»; AR 3)93 ‘Ul)i‘ wa.lo CJL& :Ll.’>u 9> d‘.&wb)g’l)é 9 J§.¢> f?;

PBapls Ll Step P.Value .Y g, (i 31 03liku! b RMSE g cyudd cus po Wbl (g yuiio 31 (pilo .Y Jgi
F BIC 1 o3likuw] U yuiio 5 apls Ll :StepBIC ¥ LAIC j1 a3lisiw] b ko o as0l8 Gl SEPAIC .Y F 905 b puiie
:CART £ BIC ;I a3liuo! b boac gozme 1 j o yig BestSUbset BIC .0 LAIC ;1 aslisuo! b s goome  ; ¢ a2 BestSubset AIC

(SAALD g g ) CS

4 o ¥ Y Y ) o OBl g,

g YIv ols \AX £V \ila orsolsl pite slas Sl
ARVAN AtAnx YEIYY Y[y YEIVY YY/IAE Sildro 8315 (gl s oy
/g5 /o5 V¥ ¥/ YIYA YIFA &ldao 0315 I,y RMSE
WS ARVAR Y- /0F Y /AA Yo /A Y-I8A oy lzel B3I (gl e
¥INY AZAN) A7ANS Y/AyY AZAW YAy o ylzel B3ls sl RMSE

A
v
=
o
.
-
v
\
Step P.value I StepAIC StepBIC ‘ BestSubset AIC I BestSubset BIC ‘ CART

gy e 1 03Wkuw] b DB gl paiio Muwd (puSiloe ) JSWS

gl il ;05 Gl hy Sl S e e sb0s
Sl e e e 5 L Sl 0 50
Rolis Calid 5l Cn S 05t S5 5 pne gl bs)
oS 3,05 (V=0) Os S5 0 smmslan sy b s s
O T B e Skl b gt e e UL
3 SUBI Ll pl il s s DS, ey
3l S pLSwpl8 g5 ins 5550 53 Olulide
Y0 Q4]
Dl e gl iy L o) Lal &S 5b 0k
S eite Sl op mi b pladie (ST Sledibl
e dadie ol e Ol5 a8 LTl s S sl |
sl 0355 BIC 5 F 0ga3l Jis) 5l Jool> slade |
Slldle ol il it (S eSS S
o Ll (V44A) G540 a5 sbilen 3,5 &yp s

i mie i3S iy S el (Ses Gl LS s

e i3S la s S5s l Ogew S5 o3
AlC i s e by, Gl atdls (§ S el o 2
Gty e 2 it 3ldad A e uSleas (F 5 Y)
e LAl eslanad b by sladie  ilails
L sl 0 3T BIC 5 (VD) F 04651
ssdame S b () osns p ae B o
e sl i 5l i U Slay e o Sl
Sl s o a5 el (V=0) 0o S5
WE«JJ_!L&A ekl 53 L)l ST 51 sl
S S B ) s b g e S
Glhe (g 1l bl 05 O S5 Ol
QL:ﬁ-):w.la__yéQ:JSmeéu&)ﬂ\ Lol czan
035 3 3l mte 3l Ll cilods oie 4o ;S
sdalin ¥ Jsdo 4 anml o b S o Sliblons bl

S e R Sl e 2 S 3


www.SID.ir

fry S il) oBingy M5 (g5 (gilude )3 ke i3S sla gy 3,Sdes ) 0

S S 4o
el ol s s A5 S sl ) i
(iledde 1 s assibor il es gy o e LB
slie sl il Jodeo 5 ode bl plulis
Al 534S plaslas bl (s s 25
WJde corle Oles s S b sl Cosline ol 4 S
Jal Gaea s BB ples uol Jool Gaia 95 o
=S b 31 due Sllu O 55 &8 col i i
SO Ol s oS il s (033 B 5 Sl s, 5
i 3 el el e (55K Sla e 25 0
G b ) el it 5 S e Al 4
S U DR TR B
ol Lol i gl Sl e SSle 5 Je
S sl ol ;805 e &S5 s Je LS 6l
03y sloas ol G s Al glaesls 3l eslanad
ShasS e sleis 1y g St 5 blanal (gl
b bS5 Laosls & sama 51 (6513 i god K b
22 Sl ()l g5 S 5 s end S Come i)
Sl A eslial 45 i axka3 ) WGl ol s
slisl Blae r o b ol S 53l 15 505 A
lie gl e te gy Lgs 3laans LT G
sl Cawys Jde O s 88 el (g5l aSsS
SLa sy 5l rmy 5 S aS l S5 0LLE s e
15 e Ll S IS 8 68 5 ls gy it 255
03 ol 5,8 gl aS S sl sl slad e
Cods S, ol eslinal b Jue o Sdde 30 a8 S LS
bz o b 5l i 4S5 a5 e Wade DT

s o cpn BAa OF gl dde OF 035

References

bl sl s, L BIC L F-test) sl Salaslos
Sl Slzasiie 31 g lowy [A] das =7 1, (AIC)
Jdos 5 s sla i prvalue s oS K 5ls oLl
pds prvalue |5 comul (Seslls U JSC0s 0 5o S
N n Pl ol b5 1) dde St 5o Zoalad
ok I |y e Ol 3 F Ose51 5l eslinal Oliies
3,805, Il e Fajlel (Jl= cpl L VY 0] Wlesls
s eddana 5 Ol s s 0510 Ol o )]
e g 2 Fto-enter <1y s L Job S Ao
S 5l ol galse 0l o 1 AIC 5 caily Lo
ol G, dlesllh V815 ,5 b Cp e s Ll
o0 pvalue i 4o x5 L (O as)) plSaselS
Cp g 3 .,\_ﬂd_x s ¥/8 e sl u.ﬁ;l:,a
Giia ¥/Y L gte 5 bas Jde oo/0) Bleal Sl eslizal
Jos A v Sl leslical b aculg 53 .58 0 sl
Shostial a5 o 5y0pl 5130 g sloul (g uie O/F
Sl me s (s pAOIGI lesa BIC L AIC
53 Jie (S g o )l Olgipn L F 0505
Ol (o, 05,8 55 awe ol s O] s S L
ks 1l Ol g FOpo3T 51 sslinal U ize plSaplS
SVslel aps b 0ga3l 5l eslizad s L in S gl
Sl 5 Yerd Jle 3 GU e VA E] ey o
ae gorme ) i 3PS LS sl i) 3 Shes &S
AIC) Laduis iwslin gl jlame Ol 5 ol aline
315 e B Suol s (F sl 5 BIC
Sl oo e O 534S sl Gdes s [14]
S ge Sladllas L elus 5425 gobl Je wlbss]

Syl Caslas (Y0 09)

[1]. Vanclay, J.K. (1992). Assessing site productivity in tropical moist forests: a review. Forest Ecology and

Management, 54(1): 257-287.

[2]. Berges, L., Chevalier, R., Dumas, Y., Franc, A., and Gilbert, J.M. (2005). Sessile oak (Quercus petraea
Liebl.) site index variations in relation to climate, topography and soil in even-aged high-forest stands in
northern France. Annals of Forest Science, 62(5), 391-402.


www.SID.ir

was =0 & E)Lo.»; &y 3)93 ‘ul):’.‘ wa.lo CAL& :Ll.’>u 9> dl.&wbb);l)é 9 J§.¢> f?A

[3]. Hoeting, J.A., Davis, R.A., Merton, A.A., and Thompson, S.E. (2006). Model selection for geostatistical
models. Ecological Applications, 16(1): 87-98.

[4]. Ward, E.J. (2008). A review and comparison of four commonly used Bayesian and maximum likelihood
model selection tools. Ecological Modelling, 211(1): 1-10.

[5]. Mazerolle, M.J. (2006). Improving data analysis in herpetology: using Akaike’s information criterion (AIC)
to assess the strength of biological hypotheses. Amphibia-Reptilia, 27(2): 169-180.

[6]. Whittingham, M.J., Stephens, P.A., Bradbury, R.B., and Freckleton, R.P. (2006). Why do we still use
stepwise modelling in ecology and behaviour?. Journal of Animal Ecology, 75(5): 1182-1189.

[7]. Sauerbrei, W., Royston, P., and Binder, H. (2007). Selection of important variables and determination of
functional form for continuous predictors in multivariable model building. Statistics in Medicine. 26(30):
5512-5528.

[8]. Raffalovich, L.E., Deane, G.D., Armstrong, D., and Tsao, H.S. (2008). Model selection procedures in social
research: Monte-Carlo simulation results. Journal of Applied Statistics, 35(10):.1093-1114.

[9]. Murtaugh, P.A. (1998). Methods of variable selection in regression modeling. Ccommunications in
Statistics- Simulation and Computation, 27(3): 711-734.

[10]. Zobeiry, M. (2009). Forest Inventory (Measurement of Tree and Forest). University of Tehran Press.
Tehran.

[11]. Hogg, B.W., and Nester, M.R. (1991). Effect of stockingrate on predominant height of young Caribbean
pine plantations in coastal Queensland. Australian Forestry, 54(3): 134-138.

[12]. Fakoor, E. (2014). Evaluating the site productivity -of Oriental Beech using data mining techniques
(decision tree). Master's thesis, Tarbiat Modares University, 79 p.

[13]. Aertsen, W., Kint, V., Van Orshoven, J., Ozkan, K., and Muys, B. (2010). Comparison and ranking of
different modelling techniques for prediction of site index in Mediterranean mountain forests. Ecological
Modeling, 221(8): 1119-1130.

[14]. De’ath, G., and Fabricius, K.E. (2000): Classification and regression trees: a powerful yet simple technique
for ecological data analysis. Ecology, 81(11): 3178-3192.

[15]. Mundry, R., and Nunn, C.L. (2008). Stepwise model fitting and statistical inference: turning noise into
signal pollution. The American Naturalist, 173(1): 119-123.

[16]. Miller, A. (2002). Subset Selection in Regression, 2nd edition, Chapman & Hall/CRC, Boca Raton,
Florida.

[17]. Burnham, K.P., and Anderson, D.R. (2002). Model selection and multimodel inference: A practical
information-theoretic approach, 2nd edition. Springer, New York.

[18]. Lukacs, P.M.,<Thompson, W.L., Kendall, W.L., Gould, W.R., Doherty Jr, P.F., Burnham, K.P., and
Anderson, D.R. (2007). Concerns regarding a call for pluralism of information theory and hypothesis testing.
Journal of Applied Ecology, 44(2): 456-460.

[19]. Murtaugh, P.A. (2009). Performance of several variable-selection methods applied to real ecological data.
Ecology Letters, 12(10): 1061-1068.


www.SID.ir

449 Forest and Wood Products, VVolume 70, No. 3, Autumn 2017

Evaluating the performance of variable selection methods in modeling the
site productivity of Oriental Beech (Fagus Orientalis Lipsky)

S. Dehghaninejad; M.Sc. Student in Forestry, Faculty of Natural Resources, Tarbiat Modares University,
Nour, L.R. Iran

S.J. Alavi*; Assist. Prof., Faculty of Natural Resources, Tarbiat Modares University, Nour, I.R. Iran.
S. M. Hosseini; Prof., Faculty of Natural Resources, Tarbiat Modares University, Nour, I.R. Iran

(Received: 22 September 2015, Accepted: 23 August 2016)

ABSTRACT

Forest site productivity is an important criterion for forest managers. In this study, the predictability of
statistical models was studied by applying various methods of variable selection for beech dominant
height as an indicator of forest site quality in relation to edaphic and physiographic factors. For this
purpose, 127 0.1 ha circular sample plots were established in the forests of Tarbiat Modares University
and within each plot, the dominant height of beech trees was calculated. The performance of five
variable selection methods was evaluated in multiple linear regression, and regression trees. In order to
compare the performance of the above methods, Cross-validation, involving repeated splits of the
dataset into training and validation subsets (2500 times) was used to obtain honest estimates of
predictive ability. The results showed that there is little differences in the predictive ability of five
methods based on multiple linear regression. Stepwise methods performed similarly to exhaustive
algorithms for subset selection, and the <choice of criterion for comparing models (Akaike’s
information criterion, Schwarz’s Bayesian information criterion or F statistics) had little effect on
predictive ability. In this study method based on regression trees yielded with substantially lower
predictive ability. It is concluded that there is no best method of variable selection and that any of the
regression-based approaches discussed here is capable of yielding useful predictive models.

Keywords: Subset selection, Site quality, Stepwise method, Variable selection, Akaike’s information
criterion (AIC), Schwarz’s Bayesian information criterion (BIC).
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