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Figure 1. Location of the study area


http://dx.doi.org/10.52547/ifej.10.20.120
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.1.8
http://ifej.sanru.ac.ir/article-1-249-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-09 ]

[ DOR: 20.1001.1.24237140.1401.10.20.1.8 ]

[ DOI: 10.52547/if€}.10.20.120 ]

Al Uhgles 5 bl dezme OIS v yo @M a5y s Lo ple

WY (Jin dilaio 153,50 (img3) JSiz (gl o (shding > iz sS slolime; Sy bl )

B9y b oad dusbe hyw e b odllS SRS wiged
NS Gljee 9 25 gy Blite bl ©jg0ts St S
A asuie Ll

eloes gy b oA a4t <5 Oljee A dl>po
A A ) diged Glakad Se sl 5 STy o)
o> 0Sle (b 9y 5 (o0 Bld Lyw (639290 o>
Oleibe Jgame (09)) Josly S d5g05 ©labad Sl )3 w2
Wges Cilalad jolaie pl (oly b duwlio (Bl 9 b Sn
ol Mgi sladid Cdd sl SHo lgicds oddd Cubly y
A odlatwl hgy 90 opl b (Liwe) sladises JS s a¥)
2 D905 askad 390 jblize LlE (ghyw o2 O ool sl
5 Suz)S ey 0dd dslre (lyw w4l ()
Shyw w4l ) Kgod asad o Blie das (yizren
Mges g Jodo Cogots (alus 5:5ke (yhy) )3 odd 4
by o> Om SN i 9 18 ad s ooyl S5 o,
Sloatss (g5, 5 ol lite (sl o2 b Wiges dabb o
Sygods Yol (pej ) 9 (ol (Ske (ho)d 00d Mg
Sl sl 5l 55 9 o)l SS& & Jlaged 5 Jso
Al ¢85 (gl 5 gl aop 5 M0l e (nSike i slas
A odlaiwl &4.,;9‘)5 P94 036 Ak

09oil 5 SAS Il gy 5l oy (g)l] 4 (ol
odlazul T-test yg05] 5l Cpsman ¢ laodld | Siuods (owyp
Ot Siaad iz dpodls (Siusen (g 9ol A3
9 o) odd Cutlyy diged b gl @ (Sle
9 Sy Oy odd and Al g9y » ol blie
orly dusk by o oles (ke B9y (pizen
Sy w2 (ke Bollad g i 55 T-ESE (905l 5 3905
A g9y ;0 o Hble 5 uej oddeuilyp diges ilalad
Sby > 1Kk pionen 9 Siazm S hgyd oAb 4
A Coleg p3 2908 ey ) (ales 8Ske B9y Sl
)‘1 odlal L adllas d)90 dalais LSL’)*"’ > d.).:.gm)if
059y 92 3 Slp &l s IS plojle Jgame aiaw XS

Al A 50 oalaiwl yse glrodly gy Sy S
Ol (gl poo o plS Gl (o Sl o2lial b Sz S
oo Wodly 35 Jlo g odimd lis ol sl sl g iged
[T 2l Y Sz calp 9 0 (oob el &l
bl a8 e s L5 1) YA ol A Sais
G5 ok ) 0exY e slal b b Sis ol 3 bl
(s o 13l o S8 (28T a5l Waosls (g Jloys
Be5 ) > Sio,S gy ) ool ol oaims lis
Lol 09
Juoyd Yo sl oslaiwl bog Wosly 350 Jloy b 5l
lapel)l Sz AdB s Capedse; sladige
9 8 lalejl jo5de Al ang (LS (slaie 5 Cile
A O Mo @l Cyie Mg Gage oS lie cp ke
Lag cslapel)l  Jgomosio b jlas 3)90 4 o (¥ JSC3)

) X RTTY
1558 Jlos 52 53] 0jsn (el b USin ol 3 bl
28310 eolal GarminG0sx Jae GPS 1. oalitu!
olKwd )‘1 e g Ob’é)) A ﬁlﬁ )Jas d)ﬁfo)‘lbl d‘)’.
YFY.Ls oolaiwl UL‘>)‘> EL&U)‘ O ‘_5‘); FOogw cuuw
lg 9 (CJ)A).HO \"') )] Vo Coluw 4 d‘bx‘) 439’.«3 dslad
4 9 W ahb e NxYee gbylel &S
ol g ekl by el Jisl GPS  elaolSiw
W asuiie doys ) diges ilsdad SIS CunBge ol
so Sl AYO a5l i s )0 alS ciged dskad o )
W) LS)‘.))J.)LO] (ol B (gl cladwdS
025535 b)) i 390 Sl b e 5 053
S8 (65031l 0gMle aigas dskadyn )3 83 (g 5 pskad
$lopsp Ml gl ) gy a5 il 3 (4
5 S glojle Jlle ) FSTY Jl8lays 3)ly gyl el
5 iy 455 o odgy gl e olidley cpl 5l eolail
@) IS eSaio sy ol o gl w2 e
w85 e 55 Sy GeSleyio sl LA o pS < Jgene ok
Sy o> aasidio bl (o) loadd and o
J5dleys 5l ool b aiges axhd ya (gl o390 (i
22 d baye CleMbl lible 5 oyl b awlxe FST
G rendy 123003 )15 G55k 3 1) o)l] wises
S aSus b TFIA) daes Slabad 4 i l38le 5
O’u‘ Lol d)L"] L;LMJ%J > dnlo OT L;Lma){)lf)'l
ol 5l ookl b g 5uod oy slas] bawg oS l38le )
V33l 5 Ml L goy b >yb CH gial
oMbl a3 can p3Y s da S il FST
1y bl oMbl alobs slayldle 5 oolizl 3)90 p5Y
b dgod dzad ya SIS laizes way dls yo )3 0900 el )
s Al Sy & ygods 5 b i 0D Aol Jglis
o 5 diged dsbab 5)lad plai SEMLI g5l dlas y a5
Mg Cuslodgy LS )3 aple s yy diged B Gl
ddlaie oo (939390 Hlol o) Al dpd Cps «oleMb
oMl AICGIS Jl58le 5 o iy )S jbe, ) anlllas 3,90

A5 sy 9 48 Ol plly Al (pionen g A
Sizm)S Ghgyd 0dd A add Cubl ow)p Sy
ovgyds oy g Jloy lanl olswl 350 i (lgicay
o O opasli g el S gt 9 oS gl o () 2
(Ggas ashad YY) diged wlehad oy Yoo (V) M3
Loy b b (Bolad (b (ej JyuS LB lgisa
ol gLyl & (Jgene g, 5 owilerdl bl I eslizl
ass Mg slp PartialSill 5 Nugget .Lag Size
WS byt Colog 3 A gy 03 )90 Sz S
JyiS Gges lalad b o dupd A L 2 ol
Glalad (ghy w2 g A (g (Wges s YY) (e

1- ForeST 2- Forest Inventory Analizer
6- Correlation Procedure

3- Ordinary 4- Bias 5- RMSE
7- Skewness 8- Kurtusis


http://dx.doi.org/10.52547/ifej.10.20.120
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.1.8
http://ifej.sanru.ac.ir/article-1-249-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-09 ]

[ DOR: 20.1001.1.24237140.1401.10.20.1.8 ]

[ DOI: 10.52547/if€}.10.20.120 ]

Semivariogram map

WY

S gl g bl dese OIBSS 0 @M yrol g pme Lo ple

Osbe 125 Al oo X jooe (slge (Jad ©jgots (ol
g Gl Ju)l 53 diges bbb Al gl (539290
(o) JS diged Cllab (ghpw (35250 L o EMS]
Sy 3530 Ll (0 5 8C JS5) sl angs 5 SLls
@groe b 525 ST el (05 (39, 53 005 dpule
oo eSS lsisdy (uej J S aiges Clabad gl
2l ¢y

olos )3 a8 o L ooy Stuwed (awyp (905
Sl (gbyw pe ke G (Ko (ljee o Juoly
oAb A kB 59y > ol Blie g (o) S wiges
by conl jbine 200 Jlasl b Koo )S gy
P e 5Ske (o Jusl sbyw e (ke
P OS] 5 Yy e G0 doyd WO e o
lai g alas a8 by L 55 T-test ge;l .5l clabas Mo
Ol Jolize 5 (o) J3uS diged Clabad (ghyw pox> (1Ske
20)0Q Jlaisl b Sz )5 09y 04 4 4l (g9 )
Jol Gl oo pSilke b Jg (PR JS) canl o ine
36 2oy A0 Jlisl waw )3 (g ales :50ke b9y
(FD USE) 3l ool OS] g a5 e

Semivariogram

v-104
4064 | -
3.048 !
2.032 A
1.016

0 024 0.48 0.72 0.%6 12

= Model * Binned < AveragBistance (Meter). h 1073

[Model : Y¥FFa"Nugget=¥11-,1°Stable(1¥-+:Y)

408330 |3 view Settings
Show search direction
Show all lines
Show points

Export

VFe ULUM) 9 ).ul) AL b)‘«»j /Wbﬁ JL» u‘):’,l d[ﬁﬁ L;wL.wa

»ly Partialsill 4 Y¥¥£a 1, Nugget -+ il size
0 gy oWbily 4B g (Y8 ) 13 Mg FIY-
aca Ya s (YD) sel cunsy 55 Kiozw,S hgya
obis ) SaomyS Jhgpd Lpw oo 0dd gabawdS
(505 J S ged Olabad b o dugd A (g A0 (00
2 e Jils o ol blie bl o ysway (aeds YY)
Sl g S )3 CaSayie VI diges lalad ol 45 HlSa
S 5o YYVIVY o] pSle g ,b8a 13 caSoyio SYY )
Ayl polie & b Ll @l ecres (Cuwl 035
Wepuly RMSE o «/WAZL ply (o)) dop /YAA
YO g gy JS &ly doyd YO plyy RMSEY 5 CaaSo yio
asi D S el o3 )bl dop YOI
5 e (Ske gpa 0398 Shpw e il
Ol b Six lojls )3 0358 (sl o2 gy sinaib

TS
Olalad (glyw wo BUB] 5w duglie Jlages 0 JSU3
ol Blize sy pre EMB] g poe b 048 35S el
089y 9 e 0Sle g)d 0dd Wy laadd (55, 5
P30 LS ged sl YN 900 by )l > St S

Sl B9y 50 sl p2 b poe (939390 ()l 3 &S

= General

Optimize model &

Variable Semivariogram
E Model Nugget

Enable True

Calculate Nugget True

yeeeq |

l Nugget
easurement Error Yoeow Yo

= Model #)
Type Stable
Parameter Al
Major Range

Partial Sill
Model &
Model #Y

Lag

Lag Size Yoo

Number of Lags 151
o

Lag Size <more >

The selection of a lag size has important effects on the
empirical semivariogram. For example, if the lag size is too |...

(Partial sill 4 Nugget 4 Lag size sl ol )by cordinary sio) Ko )5 o9 pl)Sas)ls (oms (izwio =Y IS5
Figure 2. Semivariogram of Kriging method (ordinary method, parameters Lag size, Nugget and Partial sill)


http://dx.doi.org/10.52547/ifej.10.20.120
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.1.8
http://ifej.sanru.ac.ir/article-1-249-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-09 ]

[ DOR: 20.1001.1.24237140.1401.10.20.1.8 ]

[ DOI: 10.52547/if€j.10.20.120 ]

S ol 5 bl deote I HSS e M ol oy Lo yle

WY (Jscim ailato 10390 Sig3) JKin Sl pom (hinding ) Sim S sl mes (bg) Cubll gy
'Ilm; ".‘? "‘l? ’IC”} 7I"? 718000 “)l? "l*‘ “lm; "‘”; "Tl’ 718000

Sz ) iy JIEa S G B g ) 0 pe (b plee il g 4

LI 1

NS ,S ) il eslinal b Jlacis o i P g LS 0 g3 ol (e AL

; a |

0 ATFe
i —— 0

4018000

Legend

( ) Legend YHUAS - YaR(FS $ - B IAVE - 2atE

a B WIN-vHAr TAS/PF - 88:1YS (b) P SRR VCEITING 5 IBAYY - PAA

B veasowias A5 soevr-praks B Y aTATA 5 s v

= wvar v B s -vryvy B raneary £5 wvar - aver

T T B vruve-aryra B rnroaravr

T T A v ¥ - T T T T T e
13300 14400 718300 7160200 Tinee il 13600 114400 118300 14200 17180 18000

13800
i

_ (b) Sz yS gy wx> (2bicysyd (il)ly 4k 9 (B) Sz yS oyt by o> (Sbig) 4kl =Y S
Figure 3. Mapping of the volume of the Kriging (a) and the mapping variance of the volume of the Kriging flow (b)

b 118300 Team0 108 718000 T13800 T14a%0 T18300 7rea00 17100 T1nt00
it 1 rl

v

R I

s s
g rg
§ £

(b) . Sk i

1:25,000 R B gt St 0 St et

o ——— ot WESTRES 1:26,000 B e TS ¢ Srny

w125 05 0TS 1 « ] 3 12 s

—— et
12 il o fois o e B e
1 T T 1 A T T T T T

14400 e 16200 riri0e 718000 713800 714860 T18200 96200 11160 T18000

(b) (s ko 29, 5 (8) Siom S Lol (3n0) Sy byws pe (SIS 4 —F S
Figure 4. volume class mapping by Kriging method (a) and the mean arithmetic method (b)


http://dx.doi.org/10.52547/ifej.10.20.120
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.1.8
http://ifej.sanru.ac.ir/article-1-249-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-09 ]

[ DOR: 20.1001.1.24237140.1401.10.20.1.8 ]

[ DOI: 10.52547/if€j.10.20.120 ]

S Uholow 5 bl dete IHSKS aye @M jrol gy pmme Lo yle

YO Ve uLuwA) 9 ).ula AR b)‘.o.a.f) /(vlhb JL» O‘)ﬁl dL&b S/'? Lf"’uf}l

300

-~ ~ -~ - > e S An
250 +m Sla alpad K
200 — — » VO e 800 500!

22 Sl a2 SIS

i gl ams OS]
Sl p g 5l 0

e ee

[}
o

9 by o olue (Sl 4l (59) 3 o) e g 0SS dges Slalad (g war> SHE 5 w2 duslie Jlaged —0 S
5 (0) V0 Juo)lh )35 () VY oyl 3 Saom S gy 5 (s (ke 4l 3 0SS diges lalad poes dunliie Sz S s,
250N Juosly 3 i8Sy 5 st 0Solo 4l o (] Blie e by 0uiiS S diged Slabab pl e S| duylie
(d) Vo Jul
Figure 5. Comparison of the volume and volume difference of the controller plots and its corresponding on the mean
method and the Kriging method. Comparison of the controller Plots volume in the mean method and Kriging method

in Parcel 21 (a) and in Parcel 15 (b Comparison of the controller plots volume difference in the mean method and
Kriging method in Parcel 21 (c) and in parcel 15 (d).
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Extended Abstract

Introduction and Obijective: Due to the difficulty of this process, determining the volume
inventory of the forest is one of the most fundamental objectives and duties of forest management.
It has always been connected to difficulties for the department in charge of implementation.
Mapping of forest stand volume has an important role in sustainable forest management. In Iran’s
north forestry plans, the systematic random sampling method and arithmetic average method is
used to estimate the stand volume and spatial relationships between inventory sample plots will
not be considered. The aim of this study is to compare kriging method and ordinary one used to
map stand volume of Haftkhal forestry plan.

Material and Methods: For this purpose, we used 243 circular sample plots with 10R area and
150x200 meter grid (Forestry Department standard in Iran) for inventory.

To evaluate the performance of the kriging-method-created map the approach of poisonous
variograms, histograms, and their indices was first used as the referential map to determine
whether the data were normal. The best parameters of Lag Size, Nugget, and Partial Sill were
then tested using the remaining points and the conventional approach to create the necessary
kriging map using 30% of the sample pieces (73 sample pieces) randomly separated as ground
control points. Finally, the ideal mode was decided upon. The produced map was then verified
using ground control sample pieces (73 sample pieces), and the amount of difference was
measured by comparing the head volumes of the control sample pieces and those calculated using
the Kriging method as corresponding points.

Results: Map produced by the arithmetic mean method (ordinary method of Forestry Department)
and maps of Kriging method was compared. Accuracy of kriging map was controlled by using
ground samples plots. The results showed that Root Mean Square error (RMSe) of the best model
was 30 percent and Bias was 0.11 percent. Using SAS software showed the correlation coefficient
between kriging map and ground sample plots and corresponding relationship was at the level of
99 percent, but the correlation between arithmetic mean method was not corresponded even in
95% probability level. T-test, using this software, also showed similar results.

Conclusion: In conclusion, Kriging capability is superior to conventional methods for estimating
forest stand volume.

Keywords: Inventory grid, Interpolation, Kriging, Sample plot, Stand volume
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