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Figure 1. Study area in Iran (a), Fars province (b), and the investigated area (c)
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Table 1. The results of the estimating biometric characteristics of wild pistachio trees using sampling
methods

Biometric . Standard . Coefficient of variation
.. Mean Min. Max. . Kurtosis
characteristics deviation (%)
Height (m) 4.19 0 9.03 2.6 0.17 62.05
DBH (cm) 35.37 0 104.14 31.24 0.55 88.32
Trees per ha. 18.68 0 75 15.15 1.16 81.1
Canopy cover (%) 4.6 0 19.05 4.81 0.92 104.57

4 QLS )0 (s 3550 (Tl SS9 G (Ko il =Y Jgu
Table 2. Correlation coefficients between the biometric characteristics of wild pistachio trees

Tty oS 9 elis)| s 2 e b colee ey Slass
Biometric characteristics Height (m) DBH (cm) Crown area Trees per ha.
DBH (cm) 0.87" - - .
Crown area 0.79" 0.88" - -
Trees per ha. 0.43" 0.29" 0.23" -
Canopy cover (%) 0.65" 0.67" 0.76" 0.65"

AP o3l az10) suoyo V mhaos 1o (5)lo ixe a0 olebl zhw )8 g b s *
* significance at 5% level = significance at 1% level (86 degree of freedom)
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Figure 3. The experimental variogram and the fitted spherical model in kriging method for height (a),

diameter at breast height (b), the number of trees per hectare (c¢), and canopy cover (d)
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Figure 4. The experimental variogram and the fitted spherical model in cokriging method for height (a),
diameter at breast height (b), the number of trees per hectare (c), and canopy cover (d)
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Table 3. Result assessment of kriging and cokriging methods to estimating the biometric characteristics
of wild pistachio trees

v la S Sz S Sz 598
ey B S Ry . .
Biometric characteristics Kriging CoKriging

RMSE ME RMSE ME
Height (m) 1.588 0.017 1.355 0.016
DBH (cm) 19.437 3.685 13.386 -0.314
Trees per ha. 10.115 0.040 9918 -0.371

Canopy cover (%) 2.355  0.115 3349 0.033
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Figure 7. Cross validation of observed and estimated results using kriging method for height (a), diameter at
breast height (b), the number of trees per hectare (c), and canopy cover (d)
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Abstract

The aim of this study was to assess the efficiency of cokriging method in comparing to
kriging to map biophysical properties of wild pistachio trees in Zagros forests. A 45 ha stand,
covered with wild pistachio trees was chosen in FiroozAbad wild pistachio research site in Fars
province. 87 circular plates with 800 m® area were selected based on a 72 x 72 m’ grid.
Biophysical properties (height, diameter at breast height, trees per ha, and canopy cover percent)
of all wild pistachio trees were measured in each plot. Kriging and cokriging methods were then
used to map each biophysical property. The results showed that mean error and root mean
squared error of height, diameter at breast height, and trees per ha of cokriging method were less
than kriging method. The regression coefficients of height, diameter at breast height, and trees
per ha of cokriging method were also greater than the kriging method that showed the efficiency
of the cokriging method in the improvement of estimation of trees’ biophysical properties. The
amount of root mean squared error and regression coefficient were slightly better for canopy
cover percent in kriging, though, they were not significant. In general, it was concluded that the
maps of biophysical properties can be obtained with suitable accuracy and precision using
Cokriging method.

Keywords: Wild pistachio, Zagros, kriging, Cokriging, Biometric characteristics
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