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Extended Abstract

Background: Renewable natural resources, such as forests, have played an important role in
human life since the past. The principled and sustainable use of forests requires technical
planning. Fundamental and technical planning requires data collection and analysis and obtaining
useful quantitative and qualitative information. A data collection method in forest populations is
100% statistics, which is rarely implemented in large forest areas due to technical and economic
reasons, and it is used in most cases to compare different sampling methods. Sampling methods
with a fixed area are mostly used in the preparation of plans and studies of northern forests. Today,
different forest sampling methods have been designed and presented, each of which has its own
advantages and merits. The use of these methods requires examining and determining the most
suitable ones in terms of ease of implementation, time, and accuracy. On the other hand, the
industrial forests in the north of Iran have currently become heterogeneous stands due to
exploitation in the past. For this type of forest, using the stratification method combined with
sampling methods will be useful and effective. To plan to increase efficiency, speed of operation,
and reduce costs, it is necessary to examine and use different sampling methods with fixed and
variable areas, including multi-tree sampling. This study is aimed at the effect of forest
classification and its combined effect with the fixed area sampling method and the PRODAN six
tree variable area sampling method and comparing the accuracy of estimators.

Methods: This study was conducted in the Safaroud forests with an area of 176 hectares in
Mazandaran Province. The selected areas were measured and recorded using the statistical
method of 100% of all the trees in the area (counting limit, a diameter at the breast of more than
7.5 cm). To avoid mistakes and make it easier to perform 100% statistics, the studied area was
divided into square pieces with dimensions of 50 x 50 m, and 704 plots were placed in the field.
Then, the trees in each of these parts were measured separately. Prodan's six-tree method was
carried out in two stages. The first stage was measured in an unclassified area of 176 hectares
with a grid size of 100 x 100 m. The second stage of the investigated forest area using the
"Neyman" stratification method into three strata in terms of volume inventory, including less than
200 m3, 200-250 m*, and more than 250 m® per hectare based on Prodan's six-tree method, was
performed using new grid dimensions for each stratum. In this study, the effect of segmentation
on accuracy and time was investigated using the criterion (E%? x T). For this purpose, the time
required to unload the sample plots for the necessary measurements inside the sample plot and
the time required to travel the distance between the adjacent sample plots were also calculated
and recorded using a stopwatch.

Results: The results of the comparison of the statistical test between the average of the variables
calculated with the 100% statistical method (true mean) and six-tree sampling (Prodan) in the first
stage without stratification and in the second stage with the implementation of the "Neyman"
stratification method showed a significant difference at the level of 0.05%. The results of this
study in terms of accuracy and the cost index (E%?>xT) show that the error and statistical error of
the measurement characteristics in the standing forest with the six-tree sampling method with
stratification was lower than the sampling method without grafting. This amount was calculated
for the number of trees per hectare as 8811.81 and 5677.52, respectively. The estimated average
of the examined characteristics was 35.56% closer to the real average and the error rate was less
than the statistical standard with the forest stratification and Prodan's six-tree sampling
implementation. The percentage of error reduction in sampling after seeding was calculated at
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4.42% for number per hectare, 11.91% for breast cross-sectional area, and 18.48% for volume per
hectare.

Conclusion: From the results of this study, it can be concluded that it is possible to estimate the
characteristics of the number, basal area, and volume per hectare of forests based on the
classification and implementation of six-tree sampling methods (Prodan), with a relatively
variable area. It is more accurate for planning heterogeneous forests in the north of the country.
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Table 4. The results of comparing the average of the six-tree sampling method with the actual mean

S gine sly 5 Sbe S ypdises (ke dasuie
Sig. Actual mean Mean of sampling Characteristic
0/038 * 177/93 163.02 Density (trees/ha) ,iSa ) <& )5 dlol sl
0.041 * 21/54 20/13 Basal area (m*/ha) ;S > gye yio 4 diw plp alaie paws
0/035 *# 272/55 270/13 Volume (m*/ha) ,tSa )3 caSe yio 4 o>

(o5 )le & Wy oo (LS S (ganadb @l (piomen
PS5 (A8lg e 4y sanddb b odds dpuloe sla o
(D Jod>) Kt

byl edlimel b eadawbre lagsie (1Ko
Ole 5 JSix (gt b (g (553 (5 piges
SPSS j58le 5 13 (149035 5 9051 3l o2kl b «s*3ly
iy pustio a8 dd o LS ls 8,8 )8 aejl 390

iadige 3l an (B3 S (6 pised hey eSike (igesl <0 Jgi>
Table 5. The results of comparing the average of the six tree sampling method before and after stratification

S sBly ke 15345405 pS0lee Mean of samplin, dazulo
Sig. Actual mean St oSl ping Characteristic
0.012° 177.93 166.01 Density (trees/ha) JliSa ;5 €& dlol slass
0.022 " 21.54 23.18 Basal area (m*/ha) )lSa ;> x3p0 yio 4 diws pilys alaile pdaws
0.032" 272.55 274.62 Volume (m*ha) )iSa 13 caSo yio & o>

ol 3 gize Y0 A0 Jlosl 4 (oaBly 555k b odsdygly 5uke (o S5 ¥
# : The difference between the estimated mean and the actual mean is significant at a probability of 95%.

Sloolawl b 4loj 4 cé> 2 @dige il 35 ol wyy yd
ol adllas ol (8,5 )8 wyp 3)90 (E%XT) jlne

sy Ao Sl (K 3 g)bpaige Slal S
ool Sloj day g B> Sl gy (B )0 i (61> pdiges


http://dx.doi.org/10.61186/ifej.2024.538
http://ifej.sanru.ac.ir/article-1-538-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/if€j.2024.538 ]

sy Pl geslizle o

Ny PRODAN (53 (s (5 S si9e5 gy b ol pls 51 5 Uiz saneilb g, 15

(£ Jgss) o)l eaute il JKs slagylo pdises 4o 4

(Prodan) 39y g, ;> addllas 3y90 (sladuasuie 3y5lp )3 (E%?XT) jlre duslio =5 Jodo
Table 6 .The Comparison of Prodan’s sampling method based on (E%)> X T

o2 J5 ol o pdiges £B3 Hylome o) Al

(B%)" X T T (E%)* Method Characteristic
8811.81 28 17.74 lndise s S )3 e dlo sl
5677.52 32 13.32 Edadige b Density (trees/ha)

Prodan, 1968; Zobeiri, 2007; Thiry et al., 1969;
Salarvand et al. ) sl L 4 (Jonsson et al., 1992

33 dastiie (pSike 359l 5 5 lgd e (2017

Foshat ef al. adles gl b pobs ddlas zls ¢ iSa
aS 1y 6,16 Sled oa Nazariani e al. (2020) 4 (2011
Bly ol 3yt 1y LS 3 dluws daseiio e U]
el yieS pols anlllas 45 ol 48" Jlbs )3 133903 359
Ll ) wls o Gple Jds & cul do pis (550 5)Ll
(o055 IS eilaie) 3 b £55 3 95 4, (5
@l 5 LS )3 wo duasuilie 3)9lpy oguad )3 21 Cos
Oliee 3l yieS o> /A 500 4 CxSo o YV /N jlaiie
cdyllae (Foshat ef al. 2011) gl b 48 sel cowd 4 _aBlg
2y datio o g 2w dastie 3ygly il s o)
©llad e 53 U I (pdn (8 lod (lgoe | At
2 OlPox By ) &S 3905 Byt §pSojlul ploj y> iges
J yeS) 45 5l (g)lade aomliz (S L5 pl 2929 90
55518 €59 b 515 5] (i el g i
RIS lonloxs 3 Esdge o & Sgia seSoiul
i dasly azsliy @lgo | pdn 53 20 Jli> 41y 3,40,
gsome b )] e et aiile iz Lelgs pold
(P el by 99290 SI5 G (Jole aw ()
b ludige (Sen asly sbol (ly sl (Keals
9 S pdiges By iulial Lo il aS 5ed e 1a ] (gabdil
o) Coms gyt sble soplel ls ialsL
Ge2>5 3 (Akhavan er al., 2020) 5l (g)> paiges K00
Ovgy dilais 1D (635350 (Kol 39 [y 4 dx gl b psls
)90 3o sl Gl G lgn (BP0 ()l pdiges
BP0 ey ) gudige sl bS8 () p
4 n g Slbaasuis auddyly (ke (bgy
oo 3oLzl e 5l 0 oy olly ko
L;)bﬁ)l..oj olowsl u,..\_mlf slds)s w0l yiaS 35 d)l.ai
FIFY Jade 4 )liSa (3 slawd dasuiio (gl (gdbdige 5 us
9 0y W/AY diws ply zlade paw daseiio gly g oy
oy WWFA Jide 4 o JbSa 0 w2 dasuie lp
d‘)?l Las ol &S 43; Ol ‘O.’.I JORL R denlo
dopy phals g Sk (Sen GLIE I G sudige
a8 ol Al o33l o dewlowe ol 8> (g lol (slas
5 (Hassanzad Navroodi et al., 2019) cligss gl |
390y CE dunlie 2 oo psls adllas 3 04l JSloden
wl CdSSie0 1 Sy Sldlbs (glol (slaonis
olinsl a8 wols )Lz (E%PXT) aiyjp g 083 Lasls )y

S5 S o 5 A il b SIS oM
L u.mLf dl!buwy )1 ‘5)].)).34594;3 FK& )Y odes
5 wor lr bpis el gl
O 0 Slal drwgs anbiS gladad K (g)b bl
jo il ()l paige (gl paiges sl lyl don
&S U ol & 0gd o odlaiwl (o JKis el oa
Ol ) Slib 5 bdigel (g uib)ly Sl e srndd b
‘u:g‘l);l claclojlo o ams il 1) ladyly cdy o
o5 shaasio e sl b S I )l paiges
b opbpaiges sbagby) Bk 5l lrl Jled > SR
ol jl 90,5 0 Gygo gyl Vo ol diged lalad I oolai!
FoS e Colus b (b pdiges I pogada bbby,
Colue gyl diges Clakad b (g)l0 5kl cunl o ool
Olox 5 o5 yie slaciond o cunl JSI ol (gl ol
dﬁfo)’\.ﬁl ra)'\/ slass )‘| O Ol.’;&)a ch.wrvh L;Lmby'
Mas (Jlopd (soodgs puno 9 S glacioud (3 5 Lgd oo
&S Srge p NpS o )8 6xSeiluil0)5e (g8 15
Shyw 39290 3 1) Slodes mrow johd b e ()15
ol ol 0 Jleeal sla Kia 5o s B IS
Kigad oo (6503l 5 pokad (S50 4y Cunad (g e slaBipS
b e cConl Cond a4 (LS &Sl gl i
A LS 1B 6 S05ll 5yse JKin 0355y lialal
Sly Wadoe @ pSojlul JKix 035 3 LSl (85
S piges ;05 e (slahg) 1 olgies JSI ol &,
Cal (g (B GRS gy dag] 5l (S 45 3905 o2lazl
odelCundy CJL’;’ A5 ealiiwl UP9) L)"I 5l yol> asllas jo &S
Bl xSile &S wmd e Ui Aoy gyl
Ol «dyd alol WYYyl S )5 sl dasude
S 53 @y pio VIOY plyy i plyy alaile o (a8l
P eaSe Jio YYV/BD ply jliSa 53 oo (H8ly (ke
bl Jgy o sl g0l duslio gl iz 1S
o (Prodan) S s gbpdige 5 dopio
Dok 2 SR WE o)y gandige 2l b g ganadl
MBS SUS el y Yo 0leds dudg 3 35l00 ()b Sin
3 @ (Silisd 009 2030 [+0 a3 ()l gne
& e U il e (GBS ) g
boalol VYT i 4 JiSa 3 sl dasiin (:0ke
4 Se 5 i ply ghie gaw (Ske 5 20> YA
Sbpylel 5 j5eS woyd FIOF L mpesie Yo/NY i
Sldlas I Bp b wbs ol Shad S sy4lp doydis
Foshat et al.,2011; Nazariani et al., 2020; ) 35> 50


http://dx.doi.org/10.61186/ifej.2024.538
http://ifej.sanru.ac.ir/article-1-538-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/if€j.2024.538 ]

WA

bty pMsl ol g oljde e

Canddy lol (glad ygliwd [ Roal JKin )3 adlllas blod o
S pdiged gy sl baly i gl a5 4565 ylen ol
» oelhe xS (ludige Ge (Prodan) (s> s
aige sl b bl s Jols 345 250 (sl S
ol Candaty pgllas domi (B 0RE (5)pdiges gy
Dhah sudige Cute I oamdplis ggdge (il
dg)lee o Kin candige o Cowl SO Lg)lb)gdjy,.}
O] o doxi )3 g ABb pa (ASSen el s,
@RS S gn (BPUED S)paiges 3 B
OPox (BPUS )b piges hey > sadge sl

Vo /Y o)l [pmdsee Jlo olpl cla S uliips:

b by S 53 (pSoll slaaasiio bl (slas
@ Comd glndige b olyer (550 (S 5yl pdige b,
s On) @B gy oS (Galdige (9 (5)d piges )
L olyen g (disdige o (E%*¥T) asls 45 sl Olds
o g Sy i dlol slasl dasuine sl (gadige
a St (Mo Capns 5 duuslme DSVY/BY 5 AAYV/AY
ol el B =202 0,644 sandise ay
Gludige oS Lmd o L AL g 8 Hlae bl p
Yo/0F {Prodan) 3,3 i (gl pdises slynl o K

Dedise S5 (8ly (ke 4 Ao

Dhe) Cute Jl &S 29 oo Satiy d9d e (b))l Custe L
U (535 Hge bg) b o ple g SIS (oo A 5
992 Jlod imio b JSis jI 5o paiges 5 (Prodan) 83 p JK (hudige pU oy jolite 4 G
Do 43,5 S Sl pdiged (o) 3 SRz Sy (o8 sladiastie )9l

(G Al 4 4295 b .08 el (Prodan) (s )5 s

References

Akhavan, R., Zobeiri, M., & Namiranian, M. (2002). A study of stratification method for volume
estimation in Kheyroodkenar Forest, lranian Journal of Natural Resources, 54(3), 235-245.
[In Persian]

Alba da Silva, F., Péllico Netto, S., Behling, A., Marinheski Filho, A., & Cerqueira Ciqueira, C.
(2020). Estimates of Prodan's sampling method applied to Nelder's systematic design.
Floresta, 50(3).

Alijanpour, A. M., Zobeiri, M., Marvi Mohajer, M. R., & Zargham, N. (2004). An investigation
of the best statistic sampling method in forests of Aras-baran, Iranian Journal of Natural
Resources, 56(4), 397-406. [In Persian]

Bonyad A.E. (2015). Forest sampling methods. Guilan University Press, Sowmeh Sara.

Daniel, A., Danilo, A., Carlos A., Evandro, O., Scott, C., Starkd, R., Luiz Carlos, E., Marcus, V.
(2020). Evaluating tropical forest classification and field sampling stratificationfrom lidar to
reduce effort and enable landscape monitoring. Forest Ecology and Management,457,117634.

Falah, A., Zobeiri, M., Rahimipour, A., & Naqvi, S. (2012). Review of four sampling methods
for estimation Canopy level in Zagros oak forests (case study: Mehrian forests of Yasouj city).

Research Quarterly The Forest and Spruce of Iran, 20 (2), 194-203. [In Persian]

Foshat, M., Hosseini, S.M., Fallah, A., & Fakhari, M.A. (2011). Determination of suitable N-tree
sampling method in Populus deltoeides plantations. Research Journal of Forest Science and
Engineering, 1(3), 65-76.

Hassanzad Navroodi, I., Ahmadzadeh, H., & Bonyad A. E. (2019). A Study on the Accuracy and
Precision of Estimation of the Number, Basal Area and Standing Trees Volume per Hectare
Using of some Sampling Methods in Forests of NavAsalem. Ecology of Iranian Forests
Journal. 7(13), 1-10. [In Persian]

Heidari, R.H., Gholami, M., & Masomei S M. (2016). Study of Distance Sampling Methods
Accuracy to Estimation of Mediterranean Stinkbush Species (Anagyris Foetida L.) Density
(Case Study: Forests of Kasakaran, Gilanegharb). Ecology of Iranian Forests Journal. 4(7),
26-34. [In Persian]

Heidari, R.H., Zobeiri, M., Namiranian, M., & Sobhani, H. (2009). Comparison of circular plot
and transect sampling methods in the Zagros Oak forest (Case study: educational and research
forest Razi University, Kermanshah province). Iranian Journal of Forest and Poplar
Research, 17(3), 359-368. [In Persian]

Jianyang, Liu., Ying, Q., Bin, W., Jinan, Sh., Lang, M., & Ming, Z. (2023). Estimation of Forest
Stock Volume Combining Airborne LiDAR Sampling Approaches with Multi-Sensor
Imagery, Forests, 14(12), 2453. https://doi.org/10.3390/f14122453.

Jonsson, B., Holm, S., & Kallur, H. (1992). A forest inventory method based on density-adapted
circular plot size. Scandinavian Journal of Forest Research, 7(1-4), 405-421.


https://www.sciencedirect.com/journal/forest-ecology-and-management/vol/457/suppl/C
https://doi.org/10.3390/f14122453
http://dx.doi.org/10.61186/ifej.2024.538
http://ifej.sanru.ac.ir/article-1-538-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/if€j.2024.538 ]

shis pMal el gzl o

na PRODAN (35> s (5 585905 by b ol ol 51 5 Ui saipailo g, 16

Kevin, C. P & Philip J. R. (2007). Forest sampling combining fixed- and variableradius sample
plots. Packard, K. C., & Radtke, P. J. (2007). Forest sampling combining fixed-and variable-
radius sample plots. Canadian Journal of Forest Research, 37(8), 1460-1471.

Leiter, M., & Hasenauer, H. (2023). Continuous cover forestry: Which sampling method should
be used to ensure sustainable management? Trees, Forests and People, 13, 100419.

Namiranian, M. (2007). Measurement of Tree and Forest Biometry, University of Tehran Press.

Nazariani, N., Fallah, A., Lotfalian, M. & Imani Rastabi, M. (2017). Forest dweller's livelihood
dependence on forest resources (Case study: Namjoo watershed of Kouhdasht County).
Iranian Jurnal of Forest and Poplar Research, 25(1), 95-105. [In Persian]

Neyman, J. (1938). Contribution to the theory of sampling human populations. Journal of the
American Statistical Association, 33(201), 101-116.

Prodan, M. (1968). Punktstichprobe fur die forsteinrichtung. Forst- und Holzwirtschaft, 23(11),
225-226.

Salarvand Shamsi, H., Bonyad, A.A. & Pourbabaee, H. (2017). The effect of forest stratification
on precision estimation of quantitative features of trees by using N-tree sampling method in
the forests of West Iran (Case Study: Dorood Lorestan province). Forest and Wood Products,
70(3),469-478. [In Persian]

Soltani, A., Zobeiri, M. & Namiranian, M. (2007). Optimization of Prodan’s six-tree sampling
method. Journal of Natural Research, 60(4), 1291-1307.

Sparks, J. C., Masters, R. E., & Payton, M.E. (2002). Comparative evaluation of accuracy and
efficiency of six forest sampling methods. Proceedings of the Oklahoma Academy of Science,
82, 49-56.

Tao, Y., Yong, P., Xiaojun, L., Wen, J., Yu, B. & Yilin, F. (2023). China’s larch stock volume
estimation using Sentinel-2 and LiDAR data, Geo-Spatial Information Science, 26(3), 392-
405. https://doi.org/10.1080/10095020.2022.2105754.

Thiry. Ko., P. & Ehrlenspiel, L (1969). 6-Baum Stichprobe fuer die Forstienrichtung. AFJZ,

Zobeiri, M. (2005). Forest Inventory (Measurement of Tree and Forest), University of Tehran
Press.

Zobeiri, M. (2007). Forest Biometry. Tehran University Press.

Zobeiri, M., Resaneh, Y., Manteghi, A., & Samak, M. (1998). Examining the preliminary
comprehensive plan of forests in the north of the Iran, 30 Ramsar., watershed, technical office,
organization of forests and grasslands of Iran


http://dx.doi.org/10.61186/ifej.2024.538
http://ifej.sanru.ac.ir/article-1-538-fa.html
http://www.tcpdf.org

