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Figure 1. The similar Cajanus tube instrument made for the study
(A) Vertical sighting window, (B) Horizontal sighting window, (C) holder

SE S5y Sead lgion 5 daeSe 4isS
sle @ Gl &S Shge,s wsed Jelxisa i )
Ol e wils Sz 53 lo S slaSe g,ples
2,5 oolaiwl Jluows (g4l wSe 5l

P s (Sole s @ Jlezms )l peSe
4 Semd OO SOl Geger g b poeSe
ol JSim cldlas 55 loSas slouSe
(Korhonen & Heikkinen, 2009) w&loays S
@led ¥ S8 5 slo e S 5l aled oV S0
s o lid 1y Jlosms WSe

ooty Sloy Bl Gl K 0 )l peSe
il adlye gzl Ll ol abul L
Jhoeslil g Sl wnld A Gl (Se
Syl iz slal58le )5

o) Jlazms e
slaghy, 51 (S gz gl gl @l pose
wilbee Angl Ol Spsln lp eadaslis
Jennings et al., 1999; Korhonen & )
Heikkinen, 2009; Pekin & Macfarlane,
Gy omlie 4u3F Glo,Ses slauSe (2009
Sz jo andy) 0900 b g Gdazl Gl 35l
5 3k) o wgly Jo 4 S (nl il
spbar (Saes SSE o ok S8 eizes
S 0,8 eolauls g0 Ko llllas jo Jgere
Cebll b Se pl e SaeeSSa o8
i 1 gl e Sass leaids, (gjle K]

Ol 5o s agly el sl Grigres LS o


http://yujs.yu.ac.ir/jzfr/article-1-47-fa.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-28 ]

AA

0y 610 p e gy b izl o515 8,591 3 S (o 1o g (6 i o (50l

loSa oS =Y IS
Figure 2. A hemispherical image

ooy Jlomms S =¥ sl
Figure 3. A digital In situ photo

el )| 1Sl a5 sla JSi> o (Hunziker, 2005
Jleoms wSe 5l eolawl il iy yie O 5l oogs
Korhonen & ) col sais b, caslbe (oo

(Heikkinen, 2009

L gy g lge
d.iL!Ua.A .))5.4 ka.b...,o

5 axls Ll JKio 009 G o pol> ek
celue 4 (Quercus brantiiy iyl bk ol;ails
Jled 5o @ly zowlb (M S o Se S
slilir Camdge Céndy plnl gawl b 3y

‘_g‘ﬁ \L;)’L.)d.;llw] aQ )L».: U..S.c BL 6‘)—1 Jac! B

5 0,50 e 0 zZU 5l plew] sla Sy S
QS’T J.:l.: ‘)") b}w‘sc ool.o.,..w‘ U‘&: (f] A.JL:
Korhonen & Heikkinen, ) s ls o5 Vel s
2009; Pekin & Macfarlane, 2009; Nobis &
&k astes] (Hunziker, 2005; Cescatti, 2007
Sheslatnl b Sobegsl b g s Ojg0 90 A
NObis & ) 558 oo plol 7 g luailin] slapi 55!

! Thresholding
2 Contrast
% Thresholding algorithm


http://yujs.yu.ac.ir/jzfr/article-1-47-fa.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-28 ]

A4

IFAY bcwo) 9 3l /090 o loss [ Jol Jlw [/ w515 sl Ko wlidiny alxo

olal b blis 51 glaSiis iges dalad o Jlo o
Sz ahadl 7l g 0g5 g do dlawd 4 g e IXY/O
plrlS alie b ingb ol o
ool ey S35 2 e g Plb Sl esliial b v
Logd s 5l eolatul cgz (O JSK3) w05
L () o oliws gedz )0 G390 (53,00
@30 U p Gebte ibazl (Ro) jpa> pas
bugi lfws (gogee (g9, oy ;O Sszse
S abgrpe gl ylel sloed yo yiSoslal ez
Glol, o js5he 4K gy VIO Al ayeS
— b by o s ) dl g (Bt e
bl I8 e

S ol g5 s > s &
5 b jde s alin s (g

alie jpax pac b jpax Sl odle (pizen
9 dow plp sl ASh ) abk e 0 Gdegl
Cod e Aged ashd a0 ol glealy el
Jlaous uSe & olaed diged azhd 2 0 008
Sy Se Sab Al @86 Ojgon S
@ @bl ol Sl jo S Jloz iged ankid
oSe oz 5 Aiped aal S e | s e i alalb
e i el & i e Sl
(5 JS8) al aid S d5g0s dalad 55 e

AOATOF L plp UTM sy ,lais 50 0095 55 10
12 o8 ailge ok e FYROT-Y 5 5,5 Jobo
L oadlhas 0,90 aoye o) (13 Jles Y ()
L slasls 5 bys maw 51 e YVFY el )| lasgio
Sy a3 1 bsie ot b S gz
oobul pddhie Gl SW)b (oSl ol o
Sl o gl Stz oSl Al Y Lol
odd )55 e dee AFY sgu> YYAL L VYFO
agbhie Lo a¥lo (Sle (ulal fen 5ol
o ke Sl g ol 5 ool ax 0 V0N
g ol,5 sl az ;0 Y/ (olools yo) Jlw ol (3 50,5
(olocyote) Jlo ole (p 30w 5o Lo JBlos lawgie
ool S eal )55 ol 5 gl ax s YIF
5,90 adlaie iyl hgy 4 oedldl sanailb
Sy ob o w8l Slils 1 glay )l 4y x5 U dnlllas

Al o

Wools (5 5l b3

Jols imgh ol o oolatul )50 (slaosls
Sl TR () diges axkad V& Glaie (5,10 paiges
0355 S 40 o YO ,0 e YO olol 4 lasiils o
S Sisba (F IS5 il oS S
3 e VD gles b S8 Glopls aiges oilakad
Al 13 Lg)loﬁ)LJ FLOW c.bLa.: Joe

Bges ashd VP L Sl boly (6,8 S oogs —F JS&
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Figure 5. The designed sample plot with 12.52 m radius and 1 m*2.5 m measurement grid
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Figure 6. The locations of photography in plots
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Table 1. Descriptive statistics of different methods for estimating canopy cover (data range of canopy
cover is between 0 and 1)
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First . . . .
Methods N . Median Third quartile Min Max
quartile

Vertical sighting 16 0.372 0.425 0.487 0.27 0.55

9 Digital Photographs 16 0.372 0.435 0.467 0.21 0.50

> Digital Photographs ¢ 0.317 0.425 0.517 0.21 0.55
in cardinal directions

5 Digital Photographs 16 0.342 0.420 0.495 0.17 0.55

in ordinal directions
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Table 2. Results of Kruskal — Wallis test

o b, olaas a5y Sl
Methods N Mean Rank
Vertical sighting 16 33.78
9 Digital Photographs 16 32.06
5 Digital Pho_togrgphs in cardinal 16 3284
directions
5 Digital Photographs in ordinal 16 3131

directions
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Table 3. Values of statistical parameters for each canopy cover estimation method
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RMSE
Methods (Percent)
Vertical sighting 0
9 Digital Photographs 3.71
5 Digital Photographs in
. 9 5.05
cardinal directions
5 Digital Photographs in ordinal 797

directions

|
il O b - Laools axals) JS 5l o
(Q2,0)
Bias Deviation from the control

(Percent) method (range of data is 0 and 1)

0 0
1.44 -0.23
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1.67 -0.27
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Figure 7. Output automated analysis of digital images in some sample plots

INE: first plot in northeast direction
2NW: second plot in northwest direction
12C: twelfth plots, image in center of plot
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Abstract

In order to study the accuracy of assessment of the canopy cover density of a pure Persian

oak stand with mixed coppice and standard forms using terrestrial digital photography, 16
circular sample plots with an area of 4.9 in a grid with sizes of 25 m by 25 m, over as forest
stand with an area of 1 ha, with was used. The method of vertical sighting with Same as Cajanus
tube was considered as the method of control to record either present or absent of canopy cover
in 195 systematic sample points in each of sample plots. 9 vertically terrestrial digital
photographs that contained of an image in the centre of the sample plots, 8 images in line with
the bout main and sub- main geographic directions were taken.
By calculation of the percentage of the canopy component of the forest stand using these
methods, the results of the Kruscal-Wallis statistical test showed that there were not statistically
significant differences between the different methods of estimation of the canopy cover
component. In terms of the superiority of the bias indicator over the other methods, the method
of 5 digital images in the main geographical directions, the method of 9 digital photographs and
the method of 5 digital images in the four sub-directions were ranked from 1 to 3, respectively.
The different methods of terrestrial digital photography would underestimate the canopy cover
component in comparing with control method.

Keywords: Estimation of canopy cover, Zagros, Terrestrial digital photograph, Cajanus tube
instrument
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