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ABSTRACT: The aim of this study was to determine the most suitable grid (dimensions for sampling) 
according to the percentage of spatial structure and evaluating the accuracy of estimations of woody 
species diversity using geostatistics in Zagros forests, west of Iran. Sampling was carried out using 
circular sample plots with area of 1000m2 for 9 grid sizes in 200ha forest area. Experimental variograms 
were calculated and plotted for Shannon- Wiener and Simpson indices using geo-referenced inventoried 
plots. The calculated variograms for Shannon- Wiener and Simpson indices with grid dimensions of 
150m × 200m, 200m × 200m, 200m × 400m and 150m × 600m showed a strong spatial structure, which 
fitted by a spherical model. The estimation and mapping for woody species diversity were made by 
ordinary block kriging and cross-validation results showed that the estimation were accurate. After 
assigning each sampling time, (E %) 2× T criterion was calculated in order to compare the methods. 
Sampling grid of 150m×600m for estimating Shannon- Wiener and Simpson indices had a minimum 
amount of  E%2×T. Therefore, the 150m × 600m grid size was proposed as the most appropriate one to 
estimate woody species diversity in Iranian Zagros Forests. 
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INTRODUCTION 
 

 Zagros forests in west of Iran are severely degraded and consequently their basic structure and complexity in 
identifying forest communities have changed (Khanlari, 2006). This issue leads to poor soil condition and loss of 
woody species diversity in forests. Diversity is a prerequisite for understanding the patterns and processes of forest 
ecosystems which described well the forest structure in quantitative terms (Aguirre et al., 2003). Diversity indices 
are important input variables for restructuring of forest (Hasenauer and Pommerening, 2006; Pommerening and 
Stoyan, 2008). With increase human population and demands for resources and habitats, destructive human 
pressure on nature will increase and which is the beginning of the destruction of biodiversity (Lund et al., 2004). 
Measuring woody species diversity helps us to calculate the economic consequences of diversity destruction 
(Buongiorno et al., 1994; Kant, 2002). Biodiversity increases the reproductive capacity and ability of adaptation to 
changes in forest ecosystems (Macneely, 2002). Studying the patterns of species diversity helps us to understand 
the mechanisms that create diversity in a society (Wang et al. 2008). Alijanpour et al. (2009) in their study for 
comparison of woody plants diversity in protected and non-protected areas of Arasbaran forests used an inventory 
grid with 300m × 150m. They concluded that protection-based management increase woody species diversity in 
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forest biomasses of Arasbaran forests. Recent studies about diversity patterns focused on tropical forests that have 
too much plant species (He et al., 1996; Hubbell et al., 1999; de Oliveira and Mori 1999; Condit et al., 2006). For 
example, in a 52-hectare plot area in Borneo and a 25-hectare plot area in Ecuador, there were 1175 and 1104 
species, respectively (Wright 2002). In contrast, the 4.2 × 106 km2 of temperate forests in Europe, north America 
and Asia support only 1166 tree species(Latham and Ricklefs, 1993).  
 In other words, the diversity of a small area in tropical forests is comparable to the diversity of tree species in 
the North Temperate Zone. Although ecologist studies rely on a better understanding of species diversity in 
moderate temperature forests, few studies focus on the spatial distribution of species diversity and the extent in 
which these patterns are influenced by environmental and spatial factors (Legendre and Fortin 1989; Legendre 
1993). Today, choosing an unbiased interpolation method for zoning of forest variables is one of the requirements 
for management, planning and research in the forest. Geostatistics is a branch of spatial statistics in which the 
value of variables is analyzed with respect to the location of sampling points and hence a subsequent analysis of 
their spatial structure is done. According to spatial statistics theory, adjacent samples are dependent on each other 
up to certain distances. Such variables are called regionalized variables which form the basis of geostatistics 
(Cressie 1993; Madani 1995; Webster and Oliver, 2000). Several methods have been proposed to estimate spatial 
data but geostatistical methods have greater efficiency and accuracy (Skouti – Oskoee et al., 2008). Spatial 
changes can be divided into two general categories of structural and non-structural changes. One of the main goals 
of geostatistics is to provide a suitable model for description of spatial changes of a regionalized variable with 
respect to both structural and random aspects. The analysis of spatial model results can be an important guide for 
the processes they produce (Borcard and Legendre, 1994). Lundholm and Larson (2003) showed that there are 
positive spatial correlation among the environmental disorder and the diversity of plant species in the south of 
Ontario, Canada.  
 In general, number of species and their distribution (Two components which form species diversity), are 
estimated based on sampling of population at an extended level. Obviously, a large sample size need high cost 
and time, and small sample size leads to lack of accuracy of estimations. It is always tried to select the best 
possible sample size in the existing information framework with respect to the time, cost, and accuracy (Amidi, 
2006). Accuracy of estimation increases with extending the sample size (Nilsson 2002). The plot size also is a 
crucial factor in determining the species diversity of studied area. In inventory discussions, clarity of goals and 
application of results in accordance with the goal or other predefined and predetermined purposes are the basic 
principles in sampling (Zobeiry, 2002). Hence, inventory methods are precisely selected with regard to the goal of 
inventory, forest structure, and available facilities. Akhavan et al. (2011) examined the application of Kriging and 
IDW methods on mapping the density and canopy of coppice oak forests. They used a sampling grid of 100m × 
100m and concluded that the investigated variables had an moderate spatial structure. In another study a sampling 
grid of 75m× 200m was used and found that the geostatistical estimation can explain spatial changes of density in 
an unmanaged forest in the north of Iran and also can produce an accurate map (Akhavan et al., 2014). Wang et 
al. (2008) studied 25 hectares of Chang-bye forests in China and used plot size of 10m × 10m. Then, the areas of 
samples were doubled until, were covered the whole of 25hectares. In this research, the estimation of species 
richness, abundance of species, and Shannon diversity index were used to assess the patterns of species 
diversity. He et al. (1996) studied the spatial model of tree species diversity in rain forests of Malaysia and found 
that spatial structure of species diversity in these forests is clearly anisotropic.  
The aim of this study was to determine the most suitable grid (dimensions for sampling) according to the 
percentage of spatial structure and evaluating the accuracy of estimations of woody species diversity using 
geostatistics in Zagros forests, west of Iran.  
 
MATERIALS AND METHODS 
The study area 
 The study area is a part of Ghalajeh forests located in the southwestern part of Kermanshah province, west of 

Iran (33°99´ N, 46°3 ́ E) (Figure 1).The altitude ranges from 1450 to 1950m asl., stretched at the geographical 
direction of northeast to southwest. Annual average of precipitation and temperature are 516.7mm and 12.8°C, 
respectively. According to the Emberger climatic, Ghalajeh forest has mountainous sub-humid cold climate 
(Zohrevandi, 2012). Stone types include, limestone and marl which belong to the tertiary (Oligo-Miocene) period. 
The depth of soil is medium and its texture is heavy.  
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 Figure 1. The geographical location of the study area (     ) in Ghalajeh forest, province of Kermanshah, Iran 
 
 
Data collection 
According to a Digital Elevation Model (DEM), 9 inventory grids with dimensions of 100m × 200m, 150m × 200m, 
200m × 200m, 100m × 400m, 150m × 400m, 400m × 200m, 100m × 600m, 150m × 600m, and 200m × 600m were 
designed. Sampling procedure was the systematic random method. Data was collected in circular sample plots 
with area of 1000m2. In each plot, the type of woody species (trees and shrubs) were identified, counted and the 
two perpendicular diameters of canopy of each tree and shrub were calculated and recorded along with the 
coordinates of the plot center. 
Diversity indices 
The diversity indices include two parameters of diversity richness and evenness which are converted to a number 
called index of diversity. In this study, the following indices are used to determine the variety of woody species in 
the study area. Simpson index is very sensitive to common species in the samples and has less sensitivity to rare 
species of the community (Sympson, 1949).  
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where:  
D = Simpson’s index 
Pi = Proportion of species i in the community 
1-D: Simpson diversity index 
 
 
Shannon-Wiener index is combination of species richness and evenness in the region (Shannon, 1949). 
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where:  
H´= Information content of sample (bits/individual) or index of species diversity 
S = Number of species 
Pi = Proportion of total sample belonging to ith species 
 
Inventory time cost 
The necessary time for measuring every plot includes the time of measuring the intended features of the trees of 
every sample as well as time of movement from one plot to the next one. The total time is calculated by Ti = (ni × 
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tai) + (ni × tbi), where Ti is the total time of inventory of i method, ni is the number of plot of i method, tai is the 
average time taken for measuring the trees of each plot in i method and tbi is the average time taken for movement 
from one plot to the next (adjacent) plot in i method (Heidari et al., 2007). It should be pointed that since the routes 
of all samples were equal, the average time of moving from one plot to another was considered the same. As a 
result, the time of going from one plot to the other one was removed from time estimation. Accordingly, the relation 
Ti = (ni × tai) was used to calculate time in every sampling method. 
 
Selection criterion 

 Following formula is used to calculate the precision of inventory. 𝐸% = ±𝑡 × 𝑆�̅�%  Where E% is the precision of 

inventory or the percentage of inventory error, t is the statistic of t-student table and is the percentage of 
standard error. The best sampling grid was determined by (E%)2 × T criterion, where T is the total time of sampling 
in each method (Heidari et al., 2007).  
 
Geostatistical analysis  
Geostatistics was developed to study variables with continuous location distribution which are called regionalized 
variables. In general, geostatistics includes two main parts of Variography and Kriging (Cressie, 1993). 
 
Variography 
Variogram is used to determine the spatial relationship of a random variable i.e. the inter-active effect of samples in 
a certain radius. Variograms area mathematical model and vectorial quantity that shows the spatial relationship 
between variables measured in terms of the squared differences between two points and their distance and 

direction. The variogram is calculated as:       (1)                  
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(Webster and Oliver,  2000) 
Where y(h) is the variogram value or semi-variance, N(h) the number of paired samples used in calculation for the 

distance h, 
)( hxz i  and 

)( ixz
are the values of regionalized variable x in points i and i+h. The variogram 

parameters include nugget effect, range and sill. The value of variogram for h=0 is called nugget effect which is 
due to the existence of random variables in distribution of variable, sampling errors, experimental and analysis 
errors. By increasing h, the value of variogram increases to a certain distance and then stables which is called 
range, and the value recorded for variogram is called sill which is equal to the sum of nugget effect (random 
variance) and structured variance (Hassani Pak, 1998). If the value of variogram is dependent on the direction as 
well, it is anisotropic and otherwise is isotropic. In the isotropic condition, experimental variogram should take all 
data into account regardless of their position in particular geographical directions. In this case, the resulting 
variogram is over all directions. In anisotropic condition, the intensity and variability of the values of a variable is 
different in various geographical directions (Mohamadi, 2006). The ratio of structured variance to sill is equal to the 
spatial structure of variogram (Schabenberger and Gotway, 2005). If this ratio is over 75%, indicates a strong 
spatial structure, between 25 to 75% an moderate and less than 25% a poor spatial structure (Ganawa and 
Mohammad Sharif, 2003). The percentage of spatial structure is calculated by the following relation: 
(2)                                                       The percentage of spatial structure = [(sill-nugget effect)/ sill] × 100   
After calculating a variogram, a model should be fitted. Spherical, exponential, Gaussian and linear models are the 
most common ones (Hassani Pak, 1998).  
Kriging 
Kriging is an unbiased estimation method with minimum variance of estimation. It can be used to predict and 
evaluate the spatial and temporal variations in the value of a variable in a point that its information has not been 
measured (Webster and Oliver, 2000). 
(3)          
                                                                        
Where Zv is the estimated 

characteristics, Zvi is the feature of ith sample and i is the weight (Hassani Pak, 1998). In this method, first 
variogram model of species diversity variables were estimated, then estimation errors were analyzed and the 
accuracy of fitted models were examined. Finally, using the data of variogram computations, interpolation was 
done using Kriging by GS+ software.  
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Assessing the accuracy of the estimations 
Assessing the accuracy of Kriging estimations was done using two parameters of Mean Error (ME) and Root Mean 
Square Error (RMSE). When the estimations are correct and without any mistake, the value of the two statistics 
should be zero which are calculated as equations 4 and 5 (Webster and Oliver 2000). Equations 6 and 7 represent 
the relative values of ME and RMSE. 
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Where 
)(ˆ ixz

 is the estimated value of variable, z(xi) the measured value of variable, 
)( ixz

 is the mean value of 
measured samples of interested variable and N the number of sample pieces.  
 
RESULTS AND DISCUSSION 
Total 380 sample plots in form of 9 sampling grids were measured (Table 1).  
 
 
Table 1. Summary statistics of the 2 variables using various grid dimensions 

Grid 
dimensions 
(m) 

Diversity 
index 

Mean Minimum Maximum Standard 
deviation 

Coefficient 
of 
variation 

Skewness Kurtosis Precision 
(E%) 

200   × 100 Shannon .710 0 1.50 .400 .56 .044 1 11.97 
Simpson .367 0 .740 .220 .60 .118 1.20 12.50 

200   × 150 Shannon .750 0 1.30 .385 .51 .416 .986 13.20 
Simpson .397 0 .686 .211 .53 .520 1 13.50 

200   × 200 Shannon .750 0 1.50 .437 .58 .162 1.10 16.50 
Simpson .378 0 .740 .230 .60 .210 1.23 17 

400   × 100 Shannon .700 0 1.44 .410 .58 .083 1.10 17.50 
Simpson .360 0 .735 .220 .61 .157 1.29 18.30 

400   × 150 Shannon .730 0 1.26 .380 .52 .418 .420 19.60 
Simpson .380 0 .667 .210 .55 .420 1.27 21 

400   × 200 Shannon .780 0 1.45 .420 .54 .320 1.07 22 
Simpson .397 0 .730 .220 .55 .390 1.17 22.60 

600   × 100 Shannon .700 0 1.50 .460 .65 .088 1.10 22 
Simpson .360 0 .740 .240 .66 .148 1.22 22 

600   × 150 Shannon .810 0 1.23 .370 .45 .090 1 19 
Simpson .430 0 .657 .195 .45 .395 1.19 19 

600   × 200 Shannon .760 0 1.50 .490 .64 .210 1.25 30 
Simpson .380 0 .740 .250 .66 .240 1.28 30.80 

 
 
Variography 
Experimental variograms of the two studied variables (Shannon-Wiener and Simpson) showed that both of them in 
different sampling grid have moderate to strong spatial structure. Computation of variograms of the two variables 
showed no sign of an-isotropy (regional or geometrical). As a result, these variograms were considered multi-
directional (isotropic) and were fitted using different models.  
The variograms related to the grid dimensions of 200m × 150m, 200m × 200m, 200m × 400m, and 150m × 600m 
with strong spatial structure were fitted using spherical models (Tables 2 and 3; Fig. 2).  
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Table 2. Parameters of the models fitted to isotropic variograms using various grid dimensions (for shannon-wiener 
index) 

Grid 
dimensions 
(m) 

model Lag (m) Nugget effect Sill Range (m) Spatial 
structure 
(%) 

200   × 100  Exponential 150 .075 .186 359 59.6  (Moderate) 
200   × 150  Spherical 175 .037 .158 598 76.6  (Strong) 
200   × 200  Spherical 200 .024 .217 934 88.9  (Strong) 
400   × 100  Spherical 250 .119 .278 3043 57  (Moderate) 
400   × 150  Spherical 275 .051 .168 875 69.7  (Moderate) 
400   × 200  Spherical 300 .0085 .247 1141 96.5  (Strong) 
600   × 100  Exponential 350 .172 .345 2651 50  (Moderate) 
600   × 150 Spherical 375 .041 .177 946 76.8  (Strong) 
600   × 200  Spherical 400 .133 .500 3110 73.4  (Moderate) 

Spatial structure (%) = [(sill-nugget effect)/ sill] × 100 
 
Table 3. Parameters of the models fitted to isotropic variograms using various grid dimensions 
(for simpson index) 
 

Grid 
dimensions 
(m) 

model Lag (m) Nugget effect Sill Range (m) Spatial 
structure 
(%) 

200   × 100 Exponential 150 .0217 .054 331 59.8  (Moderate) 
200   × 150 Spherical 175 .0098 .047 604 79.3  (Strong) 
200   × 200 Spherical 200 .0087 .060 929 85.5  (Strong) 
400   × 100 Exponential 250 .0390 .079 2794 50.6  (Moderate) 
400   × 150 Spherical 275 .0170 .052 921 67.5  (Moderate) 
400   × 200 Spherical 300 .0049 .051 1145 90.4  (Strong) 
600   × 100 Exponential 350 .0480 .096 3110 50  (Moderate) 
600   × 150 Spherical 375 .0100 .051 947 80.3  (Strong) 
600   × 200 Spherical 400 .0340 .131 3110 73.5  (Moderate) 

Spatial structure (%) = [(sill-nugget effect)/ sill] × 100 
 

Grid dimension (m) Simpson index Shannon index 

150 × 200 

  

200 × 200 
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200 × 400 

 

 

150 × 600 
 
 
 
 
 
 

 
 

 
Figure 2. Graphs of isotropic variograms and fitted models for diversity indices in different sampling grids 
 
 
Kriging 
The quantitative results of interpolation using Kriging in different sampling grid showed that the percentage of 
inventory error for estimation of Shannon-Wiener and Simpson diversity indices in the sampling grid of 150m × 
200m is less than 10% and for 600m × 150m is about 10% which is statistically very good and acceptable accuracy 
for estimation of the parameters (Table 4).  
  
 
 
Table 4. Results of kriging for the 2 diversity indices using 4 sampling grid dimensions 
 
Grid dimensions 
(m) 

Diversity index Mean Standard error 

(𝑺�̅�) 

Precision 
(E%) 

200   × 150 Shannon-Wiener .76 .032 8.400 

Simpson .40 .018 9 

200   × 200 Shannon- Wiener .75 .048 12.80 

Simpson .38 .025 13.25 

400   × 200 Shannon- Wiener .78 .065 17 

Simpson .39 .033 17.20 

600   × 150 Shannon- Wiener .84 .042 10.30 

Simpson .45 .023 10.60 

𝐸% = ±𝑡 × 𝑆�̅�%          𝑆�̅�% =
𝑆�̅�×100

𝑀𝑒𝑎𝑛
 

 
 
Kriging interpolation technique is able to produce the mapping of intended parameter with the estimation standard 
deviation map Figures 3 and 4 represent the mapping and standard deviation map of Shannon and Simpson 
indices in the sampling grid of 150m × 600m (Regarding tables 7 and 8, the lowest value of (E%)2 × T critrion 
belongs to sampling grid of 150m× 600m). 
 
a                                                                                          b 
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Figure 3. Mapping (a) and standard deviation (b) maps of Shannon-wiener index in the sampling grid of 150m × 
600m 
 
 
a                                                                                      b 

   
Figure 4. Mapping (a) and standard deviation (b) maps of simpson index in the sampling grid of 150m × 600m 
 
 
Validation 
Tables 5 and 6 show the accuracy of Kriging estimations for species diversity indices in different gird dimensions.  
 
 
 
Table 5. The results of accuracy of Kriging estimations for Shannon wiener index 
 
 
 

Table 6. The results of accuracy of Kriging estimations for Simpson index 
 
 

Comparing different sampling grids 
Tables 7 and 8 show the results of E%2 × T criterion in different sampling grid.  
 
 
 
 
 
 

Variable              
(grid dimensions) 

ME RMSE MEr 

(%) 
RMSEr 

(%) 

200m   × 150  .01 .280 1.3  37.7 
200m   × 200  .001 .300 .13  40.7 
400m   × 200  .004 .296 .50  38 
600m   × 150  .026 .316 3.2  39 

Variable              
(grid dimensions) 

ME RMSE MEr 

(%) 
RMSEr 

(%) 

200m   × 150  .0045 .155 1.13  39 
200m   × 200  .0006 .160 .16 42.3 
400m   × 200  .0028 .166 .7 41.8 
600m   × 150  .0135 .167 3.14  39 
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Table 7. (E%)2 × T criterion for comparing different modes of sampling (For shannon-wiener index) 

 
tai: The average needed time for measuring the trees of every plot in i method 
 Ti = ni × tai          𝐸% = ±𝑡 × 𝑆�̅�%      
(E%)2 × T: criterion for comparing different modes of sampling 
 
Table 8. (E%)2 × T criterion for comparing different modes of sampling (For simpson index) 

 
tai: The average needed time for measuring the trees of every plot in i method 
 Ti = ni × tai          𝐸% = ±𝑡 × 𝑆�̅�%      
(E%)2 × T: criterion for comparing different modes of sampling 
 
CONCLUSION 
 Regarding tables 7 and 8, the lowest value of (E%)2 × T critrion belongs to sampling grid of 150m× 600m. 
The biodiversity of earth is decreasing rapidly. The most important issue in determining the spatial model is species 
diversity and discovering the environmental processes which produce such models is the precise measurement of 
diversity which is done in different methods. In the present research, to study the diversity of woody species, 
Shannon-Weiner and Simpson diversity indices were used (Simpson diversity index is sensitive to uniformity and 
Shannon diversity indices sensitive to rare species) which are of the most complete ecological indicators for 
investigating the situation in the study area. According to the mapping of Simpson and Shannon-Weiner diversity 
indices at figures 3 and 4, by movement from north east to southwest or in other words by increasing the altitude 
from sea level, species diversity significantly increases. This finding is consistent with Parma and Shataee Jouybari 
(2010) in Zagros forests (Ghalajeh). They used Shannon-Weiner and Simpson diversity indices to study samples 
and found that in Ghalajeh forests, by increasing the altitude from sea level the diversity of woody species 
increases significantly. Pourbabaie and Ahani (2004) investigate the biodiversity of woody species in Karkaf  
habitats in Guilan’s Shafarud forests. using Shannon-Weiner and Simpson diversity indices. According to their 
results, establishing a correlation with diversity richness and uniformity indices showed that Simpson index has the 
highest correlation with uniformity in the tree layer while Shannon-Weiner had the highest correlation with species 
number and the lowest correlation with the saplings layer. Moreover, Hosseini (2001) investigated biodiversity in 
conifer forests of North of Iran and found that Simpson diversity index is more suitable to study diversity in this 
area. Wang et al. (2008) studied species diversity models in a part of moderate-temperature forests in China. They 
estimated Shannon diversity index, species richness and species abundance in geostatistics and illustrated the 
diversity curves for the area. They concluded that sampling design is effective on studying the diversity pattern of 
study area. Neuman and Starlinger (2001) examined diversity indices in three different habitats of natural, semi-
natural and cultivated forests and found that Shannon-Weiner index is more suitable compared to other ones. 
Variography results of diversity indices of woody species (Shannon-Wiener diversity index and Simpson) in this 
study showed that estimation of these variables in 9 sampling grids had moderate to strong spatial structure; which 
shows that the diversity of woody species in the studied forests depended on the distance and they can be taken 
as regionalized variable. Among 9 sampling grid with different dimensions, the studied variables showed strong 
spatial structure at 150m × 200m, 200m × 200m, 200m × 400m, and 150m × 600m. According to Table 4 and 
comparing it with Table 1, it was found that the accuracy of estimation of forest diversity variables using Kriging 
method in geostatistics is significantly more than classical methods. Furthermore, Kriging estimations have very 
good accuracy in the all four sampling grids. Rezaie et al. (2013) used 80 sample plots of 2000m2 area inside 
100m × 100m sampling grids in Zagros forests. They concluded that both variables of density and canopy cover 
have strong spatial structure. They stated that by changing the classic estimation method to geostatistics, the 

Grid dimensions 
      (m) 

ni tai      Ti  
(Minute) 

E%         (E%)2 × T 

150 × 200 60 25 1500 8.40 (8.4)2 × 1500 = 105840 
200 × 200 50 25 1250 12.8 (12.8)2 × 1250 = 204800 
200 × 400 25 25 625 17 (17)2 × 625 = 180625 
150 × 600 24 25 600 10.3 (10.3)2 × 600 = 63654 

Grid dimensions 
      (m) 

ni tai T= ni × tai  
 (Minute) 

E%         (E%)2 × T 

150 × 200 60 25 1500 9 (9)2 × 1500 = 121500 
200 × 200 50 25 1250 13.25 (13.25)2 × 1250 = 219453 
200 × 400 25 25 625 17.20 (17.2)2 × 625 = 184900 
150 × 600 24 25 600 10.60 (10.6)2 × 600 = 67416 
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sampling accuracy considerably increased with the same 80 samples. Akhavan et al. (2011) also stated that by 
changing the classic estimation method to geostatistics, the sampling accuracy considerably increased with the 
same number of samples in coppice oak trees of Zagros forests. Comparing the result of these studies in Zagros 
forests with the present findings, we can recommend to use geostatistical estimation methods in Zagros forests. It 
seems that with respect to the natural structure of Zagros forests, spatial dependencies of different parameters is 
high especially in woody species, as a result the geostatistical estimation methods have higher inventory valuation 
and estimation accuracy compared to classic estimation methods. Wang et al. (2008) studied 25 hectares of 
moderate-temperature forests of Chang-by in China and found that variograms of diversity indices (richness, 
uniformity, and abundance) showed high nugget effect, with tend to anisotropy and stated that the tendency to 
anisotropy and weak spatial structure of related variograms were as the result of uniformity in the climate and slope 
of study area (the small area under study).  
 He et al. (1996) studied 50 hectares of rain forests of Malaysia and investigated different methods and levels of 
sampling for estimation and illustration of species-level curves and Shannon diversity. They found that sampling 
design is effective on the estimation and illustration of diversity curves especially species-level. The variograms of 
diversity indices showed effective range of 150 meters and accordingly suggested the minimum plot size 5 to 10 
hectares for mapping and illustration of species-level curve, and 2 to 5 hectares for mapping and illustration of 
Shannon diversity curve.  
 After conducting time calculations related to different sampling grids and Kriging estimation accuracy for the 
studied variables in each of the four sampling grids that their variography showed strong spatial structure, sampling 
grids of 150m × 200m, 200m × 200m, 200m × 400m, and 150m × 600m were compared using (E%)2 × T criterion 
(Table 7 and 8). For both variables of Simpson and Shannon-Weiner diversity, the lowest value of this criterion was 
calculated in 600m × 150m grid. As a result, for investigating the diversity of woody species in Zagros forests, the 
use of 150m × 600m sampling grid and Kriging estimation method is recommended, hence with the least possible 
cost and suitable inventory accuracy (about 10 percent) we will have an appropriate estimation of diversity indices 
(Tables 5 and 6). Etemad et al. (2014) used sampling plots at the dimensions of 10m × 10m, 15m × 15m, 20m × 
20m, and 40m × 40m for estimation of trees diversity in northern Zagros forests. They compared the diversity 
indices with full callipering inventory data using E%2 × T criterion, and concluded that square methods with 
dimension of 40m × 40m, and 20m × 20m were the best levels for determining the density and canopy cover of 
trees diversity. Extensive areas of Zagros forests are without managerial program and planning. They are 
preserved areas and because of extensive destructions over the years their regeneration is close to zero, as a 
result, we do not have different diameter classes of different categories in these forests and the trees and shrubs 
are old and thick. In this situation, the necessity to study these forests thoroughly for planning and planting suitable 
forest species in different points is inevitable. Regarding the vast area of Zagros forests, a low-cost sampling 
design with high accuracy seems necessary. Another important point is the estimation method of different 
parameters under study. Geostatistical estimation method presents zoning maps and provides the opportunity for 
the managers and programmers to identify the value of interested parameters in any point of the studied forest and 
present a detailed and precise plan and program for that area.  
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