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Abstract

Acquiring accurate quantitative and qualitative information is necessary for the technical and scientific management
of forest stands. In this study, stratification and systematic random sampling methods were used to estimation of quantitative
characteristics in study area. The estimator (((E%)’xT)) was used to compare the systematic random and stratified sampling
methods. 100 percent inventory was carried out in an area of 400 hectares; characteristics as: tree density, crown cover

(canopy), and basal area were measured. Tree density of stands was compared through systemic random and stratified
sampling methods. Findings of the study reveal that stratified sampling method gives a better representation of estimates

than systematic random sampling.
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Introduction

Among forest sciences, forest inventory and measure-
ment are important, and the correct operation of forest in-
ventory in each forestry plan regarding the goal of forestry
plans is of great importance. Accurate and updated in-
formation is needed for various purposes, including forest
management, health monitoring, biodiversity, climate
change, and the effects of various environmental factors
(Holopainen 1998). This information is obtained by in-
ventory or sampling in the forest area. The main objective
of a forest inventory is to describe the structure and species
composition of a given stand with maximum possible accu-
racy and at a reasonable cost (Husch et al. 1982; Avery and
Burkhart 2002). Inventory technique is very effective in
obtaining current and accurate information for forest
planning. It can remedy the defects of periodic inventory

and provide data for scientific forest management and man-

agement planning (Mingcan 1999). Sampling methods
and plot design have to be adapted to the characteristics of
the stands present in the country or region studied. It is
necessary to decide which variables to measure and through
which type of inventory method to measure them. It is also
necessary to decide on a sampling intensity in order to meet
the maximum acceptable error for the analyzed variables. In
most cases, if a sampling method that is in harmony with
the type of forest and forest management goals is chosen
and performed correctly, the analysis proves to be more use-
ful and acceptable than full calipering inventory. One meth-
od that has proved its efficiency and practicability often in
the last decades is double sampling for stratification (2st)
(Cochran 1977; De Vries 1986; Schreuder et al. 1993;
Sarndal et al. 2003; Gregoire and Valentine 2008;
Mandallaz 2008). The theory of double sampling (or two
phase sampling) was first formulated by Neyman (1938) in

connection with collecting information on the strata weights
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in stratified sampling. Rao (1973) applied it to stratification
for non-response problems and analytic comparisons.
Cochran (1977) provided some basic results for two-phase
sampling in his book. Ige and Tripathi (1987) suggested
some alternative sampling strategies based on DSS that uti-
lize first-phase sample auxiliary information at both design
and estimation stages of a survey. This led Singh and
Vishwakarma (2010) to propose a general procedure for es-
timating the population mean based on double sampling for
stratification and auxiliary information. Saborowski et al.
(2010) studied this method for periodic inventories under
the infinite population approach.

In samples from the Zagros forests, sampling methods
are needed that have low-cost implementation and accept-
able accuracy. According to Beasom and Haucke (1974),
the density obtained by four distance sampling methods
(closet individual, nearest neighbors, random pairs, and
point centered quarter) in the oak forests of southern Texas
were compared with 100% inventory. The authors con-
cluded that density estimates by random pairs and point
centered quarter methods were closest to actual density. In
order to study the use of the stratification inventory method
for volume estimation, the cost and precision of systematic
random sampling and the stratification method were com-
pared in the Kheyroodkenar forest by Akhavan et al.
(2001). Results showed that in this forest, the stratification
method was better and provided a higher accuracy than the
systematic random sampling method. Spark and Masters
(2002) compared six sampling methods in fixed plots with
3.64 and 5.64 m radii, square plots with a central point, var-
iable plots, transect, and 10x10 m square plots in three for-
est stands in the southeast regions of Oklahoma. Results in-
dicated that fixed and variable plot methods are more ap-
propriate for use in regions with diverse density and differ-
ent sizes of tree stems. To estimate density and basal area
characteristics in the Arasbaran forests, Alijanpour et al.
(2004) analyzed and compared the three sampling methods
of rectangular plots, circle plots, and transect method.
Ultimately, the transect method was selected as the optimal
sampling method in the Arasbaran forests. Pique et al.
(2011) compared the accuracy of the estimated means of
three main stand variables (basal area, stand density, and di-
ameter class distribution) in forest stand inventories per-

formed with relascope plots and with conventional fixed ra-
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dius circular plots, both measuring a similar number of
trees (15-20). The results showed that for stands with mul-
tiple strata and open structures, the Bitterlich relascope
provided a more accurate estimate for basal area than for
density, while the reverse occurred for fixed radius plots. To
investigate and determine an appropriate inventory method
for the Yasuj oak forests considering inventory precision
and accuracy for canopy parameter per hectare, Fallah et al.
(2012) selected the systematic random (rectangular plots),
transect, strip, and stratification methods and evaluated
their efficiency in the forest. This study introduced the
transect method as the most appropriate inventory method
for these forests. The aim of the current study was to com-
pare stratification and systematic random sampling meth-
ods in order to determination the best sampling method for

estimating quantitative characteristics of the Zagros forests.

Materials and Methods
Study area

The study area was 400 ha located at 46°22'30" F. and
46°23'40"E longitude and 33°41'S"N and 33°41'50"N
latitude. Dalab woodland includes the Quercus brantii,
mixed (Quercus brantii-Pistacia atlantica-Acer cine-
rascens), and Daphne mucronata-Amygdalus orientalis
types. This area has a semi-humid cold climate based on the
DeMartonne climate classification; the Emberger climate
classification rates the climate of the area as semi-arid
(Rostami and Heidari 2009). The characteristics measured

in this study were trees per ha, crown cover, and basal area.
Full-calipering inventory (100% inventory) method

In this inventory method, all trees in a forest area or
stand that are above DBH > 12.5 ¢cm were measured. To
simplify the 100% inventory, the forest area was divided in-
to plots of 0.5 ha. Each plots was measured separately and
the characteristics of the trees in each plot, including spe-
cies, diameter, and canopy trees (large and small diame-

ters), were measured and recorded.
Systematic random sampling method

Sampling with rectangular plots is a method that uses a
fixed area. This study was based on the systematic random

sampling inventory network (100x50 m) and was im-



plemented in the study area. The sides of the crossing in-
ventory network were the beginning points for sampling
and 74 rectangular plots 40x25 m in size were measured.
All tree characteristics were measured for each plot. The cal-

culation mean of characteristic is as follow (Zobeiri 2005):

in

n

X =

(1

Where, x is the mean of characteristic, x; is character-
istic measured, and n is the number of plot.

Stratification sampling method

The stratification sampling method is used in places
where parts of a forest stand are different from each other
(Zobeiri 2007). In this investigation, after taking inventory,
it was determined that the study area differed in aspect
density. Therefore, using the proportional allocation meth-
od, the study area was divided into two strata. In this meth-
od, after estimating the total number of plots, the plots were
divided into extensions of the strata. Characteristics of these
strata are given in the following table:

In this method, the calculations for each strata and for to-
tal study area were performed separately. The calculation

mean of characteristic is as follow (Zobeiri, 2007):
_ N. _
XT=E(NJ*XJ) @)

Where, X is the mean of characteristic for total area,

X ;is the mean of characteristic in strata, N is total number

Table 1. Characteristics of strata in stratification sampling method
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of sample plots, and Nj is number of plots to be measured in

strata.
Time studies

Cost is one of the most important factors in choosing a
sampling method. The sampling method selected should
achieve an acceptable accuracy at the lowest cost. To com-
pare the two methods, inventory costs as well as accuracy is
the more efficient factor. In addition the sampling methods
were compared with a 100% inventory as a criteria of accu-
racy and cost (E%)’xT) (Loetsch et al. 1973; Husch et al.
1982).

Results

Statistical parameters including mean (W), standard de-
viation (SD), and coefficient of variation (CV) for variables
measured at full calipering inventory were calculated.
Mean of density, basal area, and canopy were 68.04
trees/ha, 15.16 m°/ha, and 35.71%, respectively. Other stat-
istical parameters are shown in the following table.

For variables measured with the systematic-random sam-
pling method, statistical parameters including mean (x),
standard deviation (SD), standard error (S_), and in-
ventory error (E %) were calculated. Results are shown in
Table 3.

Statistical parameters were also calculated with the strat-

ification method, and the results are shown in Table 4.

Table 3. Results of systematic-random with rectangular plots sam-
pling method

Characteristic < SD Si E %

Strata Area (hectare) Number of plot density (trees/ha) 5625 +2625  +3.05  10.79
12.5 25 Basal area (mz/ha) 14.26 *7.1 +0.82 11.43
5 e 49 Canopy (%) 285 +2347 272 19.05

Table 2. Results of full calipering inventory Table 4. Results of stratification sampling method
Characteristic u SD CV (%) Characteristic x SD St E%
Density (trees/ha) 68.04  *£32.87 48.3 density (tree/ha) 65.61  £20.00 *£2.32 7.03
Basal area (m’/ha) 15.16  *8.97 59.17 Basal area (m’/ha) 15.7 +6.16 *0.71 8.99
Canopy (%) 3571  =*£14.48 40.54 Canopy (%) 31.33 *21.24  *2.47 15.68
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Table 5. Comparison of different sampling methods based on (E%)’xT

Characteristic Method (E%) T (E%)’xT
Density (trees/ha) Systematic-random 108.36 732 79,319.52
Stratification 49.42 792 39,140.64

Basal area (m’/ha) Systematic-random 130.94 1,015 132,910.97
Stratification 80.98 1,170 94,756.58

Canopy (%) Systematic-random 362.9 1,354 491,369.98
Stratification 246.13 1,414 348,039.61

E%, accuracy of sampling methods; T, total time of sampling methods (minute).

Comparison of different sampling methods based
on (F%)'xT

In this investigation, in addition to a comparison of dif-
ferent sampling methods with 100% inventory, the criteria
of accuracy and cost ((E%)’xT) were used to compare the

results, which are presented in the following table.

Discussion

In the 100% inventory method, the actual mean of meas-
ured characteristics was obtained and used as the criteria of
comparison. The results obtained using this method
showed that the actual means of density, basal area, and
crown canopy characteristics were 68.04 trees, 15.16 m’/ha,
and 35.71%, respectively (Table 2). Mean number of trees
per hectare obtained with the systematic random method
was 56.25 (Table 3), while the mean number per hectare
obtained using the stratification method was calculated at
65.61 trees (Table 4). Furthermore, confidence limits calcu-
lated for the stratification method involved the actual mean
of the study area (65.61%4.6). Mean basal area and crown
canopy characteristic measurements also calculated with the
systematic random method with rectangular plots were
13.26 m” and 28.5% and with the stratification method
were 15.7 m” and 31.33%, respectively (Tables 3 and 4).
The confidence limits calculated for basal area and crown
canopy characteristics in the stratification method involved
actual means of the study area (15.7%=1.41 and 31.33=%
4.9), while confidence limits for characteristics measured in
the systematic random method did not involve actual
means. Based on Tables 3 and 4, it can be concluded that

the use of stratified sampling for estimating the number of
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trees per hectare, basal area, and canopy characteristics has
been effective, because the accuracy of sampling is increased.

Forests are a major consideration in global discussions
regarding sustainable development. Without the help of
statistics science and forest measuring, any research in the
field of forestry is incomplete and often impossible. Thus,
statistics and forest measurements play basic roles among
the various forest sciences. The need for accurate in-
formation and the high costs associated with collecting this
information require discussion to find a middle-ground
solution. The chosen method must be appropriately priced,
and the obtained results must have sufficient accuracy. Such
information is needed to shape forest management policies
and to focus research on areas where resource policy-makers
need to improve current technology and knowledge. In or-
der to better evaluate two sampling methods of precision
and cost, ((E%)’xT) was used in this research, and the re-
sults are shown in Table 5. The results showed that the sys-
tematic random sampling method with a stratified amount
of (E%)’xT for measured characteristics is less than the
systematic random sampling method with rectangular
plots. The study results also showed that the implemen-
tation of the systematic random sampling method with strat-
ification makes the mean estimate for quantitative character-
istics to 100% inventory or actual mean closer. Akhavan et
al. (2001) showed that using the systematic random method
with stratification is better than the systematic sampling
method; their results are in accord with the results of the
present study. Therefore, considering the results obtained
in this study, implementing the systematic random sam-
pling method with stratification to estimate density, basal
area, and canopy characteristics in the Daalaab region’s for-

ests produces more suitable results with higher accuracy.
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