THE INFLUENCE OF CIRCULAR SAMPLE PLOT SIZES ON VOLUME ESTIMATES OF A SELECTION STAND
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Abstract: 
Stand volume estimate is based on data from sample plots. The aim of this research was to compare stand volume estimates based on a systematic sample of circular plots with different radii. By this, influence of plot size on volume estimate and efficiency of stand measurement was also indirectly assessed. Measurements were conducted in a beech-fir selection stand situated in the Educational and Experimental Forest Site "Zalesina" in the region of Gorski Kotar in Croatia. Tree diameters at breast height (DBH) were measured in a systematic sample of 16 concentric circular sample plots. Tree location from the plot centre was recorded with the azimuth and distance. All the trees with DBH of 10 cm or more were measured in the plot with a 13 meter radius, and the trees with DBH 30 cm and more were measured in the plot with a 19 m radius and the trees with DBH of 50 cm and more were measured in the plot with a 26 m radius. The computer programme CirCon was developed to calculate the stand volume based on measured and simulated plots (the radii were different from the measured ones). The plots based on real measurements were simulated according to the ones used in the forest management practice (singular and concentric circle plots). We simulated 7 methods: K1-12 (12.62 m radius plot); K2-5.12 (concentric circle plot with radii of 5 and 12 m); K2-7,14; K2-10,15; K2-12,16; K2-13,19; and K3-13,19,26 (three concentric circles with radii of 13, 19 and 26 m). The calculated volume estimates on the same standing points differed from method to method depending on spatial tree distribution and plot size. There was no statistical difference in the total volume among the analysed methods (repeated measurements ANOVA: F=1.31, df=6, p=0.259). We compared the similarity of the analysed methods using Cluster analysis. Three clusters were sorted out: C1=(K1-12; K2-5,12), C2=(K2-7,14; K2-10,15; K2-12,16), and C3=(K2-13,19; K3-13,19,26). In order to distinguish the methods within the clusters, we compared relative precisions (SE/mean·t0,05) for a 95% confidence interval. In C1, precision was about 18%, in C2 it ranged from 17.19% to 19.93%, while precision was best in C3. For K2-13,19 precision was 12.57% and for K3-13,19,26 it was 10.47%. The choice of a measurement method should be governed by the cost of measurements and the expected precision.
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Introduction
Forest mensuration or inventory is the basic prerequisite for the planning of sustainable forest management. Data on the condition of a stand may be obtained in a number of ways. Since it is generally not possible to measure all the trees, the elements of a stand structure are regularly obtained using sample plots. For this reason it is very important to select a good (representative) sample, which, apart from the spatial distribution, also includes the shape and size of sample plots. Data based on samples are an estimate of real parameters. The quality of a sample is estimated on the basis of sample error, or precision. It is almost impossible to determine the closeness of the estimated to the real parameter (precision), because it involves many error sources. Apart from sample errors, estimate quality is also affected by measurement errors, errors in the calculation of stand size, methodical errors in volume calculations (the applied volume tables) and other factors. Volume (growing stock) is one of the basic features of a stand structure. According to the Croatian Forest Management Regulation, the precision of volume estimate (sample error) is 7% for 95% confidence at the management class level (management unit). The precision of volume estimate is directly affected by the variability of the feature (volume) in a stand and the size of the sample (number of plots). The estimate of mean values and variability is dependent on plot size and shape (Schreuder et. al., 1993, Koprivica 2006), and on their spatial distribution. Since a stand is the basic management unit, it is important to know the precision of stand volume assessment obtained by field measurements. This paper is part of research into the precision of the assessment of structural elements and sample sizes in selection forests. The objective is to compare the assessed values of stand volume (per hectare) obtained in differently sized plots, as well as the achieved precision. Different field measurement methods in even-aged forests have already been investigated and compared in Croatia on several occasions (Lukić, 1984; Galić, 2002; Indir, 2004). Due to higher spatial and structural variability, as well as possible specific features, this research was conducted in the area of uneven-aged selection forests. It is an introduction to a more extensive project involving the determination of the optimal sample for inventories in this field. Research is running simultaneously with the improvement of the state forest measurement system in Croatia (Permanent Plot Project), and the already initiated National Forest Inventory Project (Čavlović and Božić, 2005). Since sample planning is a feature which may increase or decrease the cost of field measurement processes, we maintain that the necessary sample size should be calculated so that the desired goals and results could be achieved.
Materials and methods
The area of research was in the Dinaric region of selection forests in Gorski Kotar in the north-west of Croatia. An uneven-aged mixed beech-fir stand of high silvicultural form was selected for field measurements. The stand covers 20.63 ha and is situated in the Management Unit Belevine of the Educational and Experimental Forest Site Zalesina. The stand occurs at an altitude of 790 to 850 m, southern to eastern exposition, with terrain slope of 5 – 10 °. It belongs to the management class of uneven-aged seed forests of fir in the second site class.

For reasons of simplicity, practicality and extensive use in forest inventory, a systematic pattern of sample plots was selected. A square grid with sides of 100 m was placed over the area map. A total of 16 circular plots were placed on the grid intersections as a practical and frequently used plot shape in forest inventory (Schreuder et al., 2004). By comparisons with the used size plots in forest inventories in Croatia (National Forest Inventory, management measurements), three concentric circles of 13, 19 and 26 m were selected. The position of plot centres in the field was determined with a compass and a distance metre. Tree diameters at breast height were measured with millimetre precision in each plot, and so were their distances from the centre, the slope and azimuth. The 10 cm taxation limit of breast diameter measurements was applied (according to the Croatian forestry practice, Article 19 of Forest Management Regulation). Tree breast diameters were measured in concentric circles grouped according to the used diameter classes for selection forests (Forest Management Regulation): all the trees above the taxation limit were measured in the circle with a 13 m radius, trees of 30 cm and more were measured in the circle with a 19 m radius, and trees with diameters of 50 cm and more were measured in the circle with a 26 m radius (K3-13, 9, 26). The selected circle sizes were bigger than those assumed necessary, the purpose being to simulate different radii and shifts in circle positions during processing.
The following measuring instruments were used: Haglof tree calliper with a millimetre scale, Suunto compass with a monopod staff, ultrasonic hypsometer Vertex III, and a measuring tape (to measure trees with breast diameters over 80 cm). Field work was performed by two to three workers, of which one determined the azimuth and tree distances, the second one measured breast diameters, and (the third) recorded the data. 

Since the goal was to compare volume estimates for different plot sizes, this work did not take into account the existing error sources, i.e. errors in measurements, errors in determining stand area, and errors in tariff selection and volume calculation. The volume was calculated using single entry volume tables for fir and beech (Šurić, 1938; Pranjić, 1966), used in the valid management plan for the Management unit Belevine (Čavlović and Božić, 1999). Linear volume interpolation was made for diameters measured with millimetre precision.

The CirCon programme was created to process the data (Figure1). The programme calculates the entered data per plots and simulates the desired plot positions and sizes in relation to the real measured condition. The basic calculation unit is a tree in a given plot. Data on all measured trees in the plot (breast diameter, azimuth and horizontal distance from the centre) were transferred to the CirCon. Volume from the volume table was determined for the entered trees in dependence on the species and site class. Volume in the plot per hectare was calculated depending on tree diameter, i.e. plot size in which the tree was measured. Volume per hectare was calculated by dividing total plot volume by plot size. After the measured plots were entered and calculated, CirCon made it possible to calculate volumes for plots with different (smaller) radii than those really measured on the basis of the distance of an individual tree from the plot center and the desired plot radius. Since the programme calculates automatically whether a tree is within the plot or not, it is possible to simulate any plot size (smaller than the measured one). It is also possible to set a larger number of concentric circles with different radii and marginal values of tree diameters that are being calculated in the plot.
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Figure 1. Interface of CirCon programme
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Several different sizes of circular plots were simulated, of which a few were chosen for comparison with originally measured ones. These were primarily circular plots used until recently with a radius of 12.62 m (K1-12) (area 500 m2), and a double circle with a 5 m radius (area 78.54 m2) for the trees from 10 to 29.9 cm and a 12 m radius (area 452.39 m2) for the trees of 30.0 cm and more (K2-5.12). These are currently in official use in state forests. Double concentric circles with equal boundaries of diameter measurements were also chosen for comparison (a smaller circle for diameters of 10 – 29.9 cm and a bigger circle for diameters of 30.0 and more). The radii were 7 and 14 m (K2-7,14), 10 and 15 m (K2-10,15), 12 and 16 m (K2-12,16), and 13 and 19 m (K2-13,19). For each of the methods (plot sizes) statistical volume parameters were calculated: volume of all the trees per hectare for each plot and overall for the entire stand, standard deviation, and a 95% confidence interval. By multiplying the standard error with the associated value of t – distribution, the error sample in the absolute amount was obtained. By dividing the sample error with the arithmetic mean, the relative sample error was obtained (precision) (P).
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To calculate statistical parameters from the sample (arithmetic mean, standard deviation, standard error, sample error), assumptions and equations for random sample were used, which are also considered acceptable for systematic samples (Pranjić and Lukić, 1997).  
Since simulation results are connected (as they refer to the same centres and partially to the same trees), they cannot be considered independent samples. Therefore, to test the differences in the values of total stand volumes per hectare, we used variance analysis of repeated measurements for different methods (circle sizes) with significance boundary of 0.05. The similarity of the monitored methods was compared using cluster analysis. Euclidian distance was used as a dis(similarity) measure. The minimum (single linkage) method was used for hierarchical clustering algorithm (Sokal and Rohlf, 1995).
All statistical analyses and graphic presentations were made using Statistica 7.1 and EXCEL 2003 statistical programme packages (StatSoft, Inc., 2007).
Results
The results of stand volume estimates (m3/ha) based on the measured plots and the mentioned combinations of concentric and single circular plots are given in Figure 1. In addition to the average, the interval was also given for 95% confidence and the relative sample error for the compared methods. 
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Explanatory note: Bars denote relative sample error, dots are average volume estimates and vertical lines stand for 95% confidence intervals of average volume.

Figure 2. Average stand volume estimate and sample error by different plot sizes.
Different plot sizes provided different volume amounts for individual plots and overall for the stand. The average volumes range from 429.72 to 488.21 m3.
Table 1. Results of repeated measurements ANOVA

	Effect
	Degr. of Freedom
	MS
	F
	p

	Between subjects
	 
	 
	 
	 

	Error
	15
	104038
	 
	 

	Within subjects
	 
	 
	 
	 

	Method
	6
	7751
	1,3139
	0,259118

	Error
	90
	5899
	 
	 


Although volume estimates with different methods are not statistically significantly different (Table 1), there are differences in the estimates of confidence intervals and precisions.

Increasing the plot size does not lead to an increase or decrease in volume estimates in this stand. Standard volume deviations do not differ significantly for the circles with radii from 10 to 15 m. They range from 152.20 m3 in the plot with a 12.62 radius to 160.78 m³ in the double circle with radii of 7 and 14 m.  It is only the larger circles with radii of 12 and 16 m, and of 13 and 19 m that contributed to reduced standard volume deviation. Volume obtained on the basis of the measured treble concentric circle with radii of 13, 19 and 26 m provides the smallest standard deviation. Naturally, this is the consequence of an increased number of measured trees per plot resulting from increased radii. This accounts for a decrease in volume difference between individual plots in the stand. Since the number of plots is equal for all the methods, differences in sample error depend exclusively on the size of standard deviation for each method. Thus, the sample error ratio is proportionate to the variability (standard deviation) of the volume obtained in different plot sizes. Dividing the sample error with the associated mean volume value provided relative amounts, for which equal relations are valid. The highest relative sample error occurred in plots with 7 and 14 m radii (19.93%), closely followed by plots with radii of 5 and 12 m, and 10 and 15 m radii (18.83% and 18.99%). Measurements in single circles with a 12.62 radius provided the relative error of 18.15%. A significant decrease in the sample error was obtained for the methods K2-13,19 (12.57%) and K3-13,19,26 (10.47%).
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Figure 3. Tree diagram for 7 analysed methods illustrating hierarchical clustering.
According to the tree diagram (Figure 3), the analyzed methods can be classified into 3 clusters (subgroups): 
· C1=(K1; K2 -5,12)
· C2=(K2-7,14; K2-10,15; K2-12,16)
· C3=(K2-13,19; K3-13,19,26)
The clusters were evidently formed according to plot sizes, since the plots of similar sizes incorporate a similar number of the same trees.

In order to distinguish the methods between the clusters, we compared relative precision for a 95% confidence interval. In C1 precision was about 18%, in C2 it ranged from 17.19% to 19.93%, while C3 showed the best precision (less than 12.5%).

Discussion and conclusions
Calculating the growing stock per plot was made easier and automated using the CirCon programme. Plot volume simulation and calculation that differ from the originally measured ones is also very simple and visually clear. A good feature of CirCon is its visual interface, which provides plot ground plan with the position of trees at a desired scale. This makes it suitable for the purposes of teaching and presenting plot samples to a wider public. 
The results of measurement were compared with each other without knowing the referent value, that is, the real volume amount. This would be possible if all the trees were measured. However, even such measurements could not be taken as the absolute measure, as they involve possible measurement errors (Lukić, 1984; Pranjić, 1987). The same thing happens in practice, since the total census is rarely done, and it is always the matter of better or poorer estimates.
The entire processing was very practical, so no theory of optimizing sample sizes on the basis of desired/known variability was involved. Instead, we tried to test in practice some already familiar and used measurement methods.

In line with similar research conducted in even-aged stands (Lukić, 1984; Galić, 2002), the results of variance analysis showed that the obtained volume differences per methods were not statistically significant at the 0.05 level. 

The results in the measured stand show that there was no distinct trend in the reduction of sample errors by increasing the plots. Only in plots with radii of 13 and 19 m was the sample error significantly reduced. In the case of equal precision, smaller plots are more economical. Taking into account that in smaller stands with a smaller number of plots the sample error will be even bigger that the ones we obtained, other possibilities of improving precision should be investigated (denser network, specific radii, remote sensing methods).
Three concentric circles measured for the needs of simulation and comparison are definitely unacceptable in practice as they require too much time and consequently provide more possibilities for measurement errors (Indir, 2004). Their purpose was primarily to provide the possibility of simulating smaller plots and their shifts in space. 
Precision obtained on the basis of plots shows significant differences in dependence on plot size. Interestingly, the plot with a 12.62 m radius showed almost equal precision as the concentric circles with 5 and 12 m radii. If these two plots sizes are compared, costs of measurement time needed to achieve equal precision should be investigated in detail. In case of concentric circles a smaller tree is measured, but the possibility of error is bigger due to more edge trees, which must be checked, thus prolonging measurement time.

Plots with radii 7 and 14 m and 10 and 15 m provide even poorer precision than the plot with 5 and 12 radii in researched stand. This may seem unexpected, since an increase in the number of trees should lead to reduced variability, that is, to averaging the values. Here, the higher number is clearly not high enough for variability to decrease. On the contrary, it increased due to the trees in the wider diameter range. It should be investigated how many trees are needed in a plot to achieve the desired precision and with which plot size can this be accomplished.

Volume is the targeted parameter whose estimate precision is legally prescribed for a management class. For this reason, we tried to check the differences in volume estimates based on different plot sizes. However, the results of volume estimates contain a series of other errors apart from the sample error, which are hard to assess. Their amount should also be included as an additional estimate “imprecision”. According to Pranjić (1987), basal area is a better indicator of inventory precision as it does not contain the volume calculation error. Therefore, it would be advisable to compare the estimate of tree number with basal area as an indicator of estimate precision.
The obtained volume results are valid for this stand and the stands of similar structure. They are a contribution to broader research in the optimal sample needed to assess different structural parameters (number of trees, basal area, ratio per species, etc.) for uneven-aged stands. 

The choice of a measurement method should depend on the cost of measurements and the expected precision.
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95%CI	  95% confidence interval


P  precision, relative sample error


s  standard deviation based on sample


� EMBED Equation.3  ���  mean volume 


t   critical value for upper 2,5% of area under t distribution with n-1 degrees of freedom


n  sample size
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