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ABSTRACT

The purpose of this paper is to determine the conversion factors of stacked wood to solid 
content in common hornbeam, European beech and oak for logs with the length of 2 and 3 m, 
and, to test a new method for the determination of the respective conversion factors. The 
conversion factor was determined by the xylometric and the diagonal method. For comparison,  
a third method, called the - surface method, suggested by the authors, was introduced. The 
results obtained allow a classification of the methods mentioned above according to their 
precision considering the values obtained by the xylometric method as reference values. Methods 
are classified in the following order: Surface method (± 3 %) and diagonal method (0 to 27 %). 

KEYWORDS: Conversion factor, stacked wood volume, pulpwood, firewood, hardwood species.

INTRODUCTION

Conversion factors are used by the forest sector as a tool for analysing forests and forest 
products. Nowadays, almost every aspect dealing with forecasting or analysis in forest related 
industry uses, at some extent, conversion factors. Transformation of the gross volume into solid 
volume is required in many applications such as biomass calculation and timber sale appraisals. In 
order to transform the stacked volume into solid volume, a conversion factor is used, one which 
is defined by the real volume occupied by wood within a conventional cubic shape having the 
dimensions of 1×1×1 meters. Therefore, the conversion factor is defined as being the sub-unitary 
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value which represents the volume occupied by wood from a gross volume of one cubic meter 
(Ciubotaru 1998). 

Since the estimates of solid volume are very important in forest industry, accurate 
determination of conversion factors (stacked to solid volume) has long been a preoccupation of 
researchers all over the world. When dealing with stacked round wood, it is often assumed that 
approximately 66.7 % of the displaced volume is wood, 11.5 % is bark and 21.6 % is void, but, 
considering a number of  factors such as  log quality and  stacking quality,  wood volume can 
represent less than 50 % up to more than 80 % (*** 1999; Fonseca 2005; *** 2010). For this reason, 
the aforementioned factors require adjustments. Generally speaking, when converting stacked 
volume to solid volume, a conversion factor of 0.66 is used in the case of wood including bark and 
a conversion factor of 0.78 is used for wood without bark (Fonseca 2005). In practice, the length 
of stacked logs falls frequently into the 1.22 - 2.50 m interval (*** 2007a; *** 2007b; *** 2011 
*** 2012), while for greater lengths other volume measurement methods are recommended. In 
Europe, research was conducted with the purpose of estimating the conversion factors of stacked 
wood to solid volume. Most of the studies focused on logs with lengths between 1 (Giurgiu et 
al. 1972, 2004; Pardé and Bouchon 1988; Ljubojević et al. 2011) and 1.2 m (Panagiotidis 1981, 
Damalas and Panagiotidis 1981, Damalas 1982). When working with round wood the value 
of the conversion factor (stacked to solid volume) varies between 0.60 and 0.70, occasionally 
between 0.50 and 0.80 (Fonseca 2005; *** 2010) depending on the log size, presence of bark 
and its thickness, straightness, presence of limbs, amount of taper, buttressing and the presence 
of unsound wood (Fonseca 2005). Under certain circumstances, referring to the average log 
diameter under bark, quality of stacking, trimming of knots and buttress, crookedness and bark 
volume, the Swedish National Board of Forestry Stacked Measure Guidelines for Pulp Logs 
(VMF Nord 1999; Fonseca 2005; *** 2010), considers a reference conversion factor of 0.60. In 
Romania, the research conducted by Toma (1948), Decei and Armăşescu (1959), Decei (1962), 
Decei and Anca (1964, 1968) led to the determination of conversion factors of stacked wood to 
solid volume for several wood assortments. The values of conversion factors determined by the 
aforementioned authors are still used these days in Romanian forestry. The studies mentioned 
above used the xylometric, the gravimetric and the diagonal method in order to establish the 
conversion factors for wood assortments with the length of one meter (Decei and Anca 1964).

Experiments which are made in order to determine the conversion factors of stacked 
wood to solid content are based on the use of different methods which are usually divided 
into two categories: Exact and approximate methods. The former category includes the 
xylometric, hydrostatic and gravimetric method, while the latter includes the diagonal, network, 
photographic, Bitterlich or angle-gauge method (Giurgiu 1979; Pardé and Bouchon 1988; Leahu 
1994; Husch et al. 2003).

In Romania, the last two decades have been characterised by the introduction or adaptation 
of the technologies used in forest and forest related sector such as processor tower yarders (Borz 
et al. 2011), harvesters and forwarders, which gave the necessary means for a complete wood 
processing in the forest. At the same time, the transition was made from long length to short 
length transportation due to the introduction of modern means of transport. The main factor 
which influenced this transition was the increased demand for pulpwood and firewood with the 
length of 2 and 3 meters as required by the main wood processers from Romania. However, this 
generated one further problem regarding the estimation of wood quantity, because in many cases 
the wood is sold by the state or private harvesting companies to wood processers at the landing. 
Also, the values of conversion factors of stacked wood to solid content depend on the length of 
logs (Leahu 1994), while, in applied forestry, the existence of a prompt, time-efficient method for 
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determining the conversion factor of stacked wood to solid volume is necessary, as it was noticed 
that each wood stack is characterised by its own conversion factor. In this context, the objectives 
of this study were:  (i) To determine experimentally the conversion factors of stacked wood to solid 
content in the case of pulpwood and firewood assortments with lengths of 2 and 3 meters for tree 
hardwood species (common hornbeam – Carpinus betulus L., beech – Fagus sylvatica L., sessile 
oak – Quercus petraea (Matt.)) using an exact method (xylometric method) and (ii) to test the 
precision of two approximate methods (surface method and diagonal method) using as reference 
the values generated by the xylometric method. The results of this study may be useful in forest 
industry, especially in the quantitative assessment of wood and in wood selling procedures.

MATERIAL AND METHODS

Research venue 
In order to cover all species included in this study, four locations were chosen for field 

determinations. The locations were selected in the central and southern part of Romania based on 
criteria regarding natural forests and natural dispersion of tree species (Fig. 1). The wood which 
was used for field experiments was harvested with the occasion of thinning operations performed 
in pure or mixed stands containing the researched species. The measurements were made in the 
summer of 2011 and 2012.

 

               
Fig. 1: Research location. Fig. 2: Determination of the gross and net wood 

stack volume.

Experimental design
Three treatments were developed and used in order to estimate the conversion factor. The 

first one (X) considered the use of the xylometric method, and the results were used as reference 
for making comparisons and validating the values of approximate treatments. The second 
treatment (D) considered the use of the diagonal method, while the third one (S) considered a 
method proposed by this study – the surface method.

The xylometric method involved several steps. First, the logs with the length of 2 and  
3 meters were arranged in stacks. Wood stacks corresponding to all researched wood assortments 
were built for each species on each research venue. These included pulpwood with lengths of 2 
and 3 meters and diameters between 10 and 30 cm and firewood with the length of 2 and 3 meters 
and diameters between 5 and 15 cm. Both pulpwood and firewood had bark. The gross and the 
net wood pile volume were determined (Tab. 1). 
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Tab. 1: Wood quantity measured for determining the conversion factor of stacked wood to solid content.

Forest district

Pulpwood 2 m Pulpwood 3 m Firewood 2 m Firewood 3 m
Stack 

volume 
[m3(st)]

Solid 
volume 

[m3]

Stack 
volume 
[m3(st)]

Solid 
volume 

[m3]

Stack 
volume 
[m3(st)]

Solid 
volume 

[m3]

Stack 
volume 
[m3(st)]

Solid 
volume 

[m3]
COMMON HORNBEAM

Mediaş  -Şeica 
Mică- 2.553 1.377 3.830 1.967 - - 3.465 1.475

Mediaş  
-Bazna- 2.183 1.229 3.523 1.969 - - - -

Dumbrăveni - - 3.762 2.079 2.394 1.169 - -
Râmnicu 

Vâlcea 2.390 1.551 3.820 2.235 2.472 1.354 3.499 1.862

EUROPEAN BEECH
Avrig 2.204 1.561 3.427 2.100 4.324 1.512 - -

Câmpina 2.158 1.579 2.204 2.403 3.339 1.438 3.529 1.906
Moreni 2.333 1.593 3.420 2.183 2.202 1.364 3.335 1.799

Curtea de 
Argeş 2.266 1.592 3.333 2.309 2.178 1.459 3.369 2.136

OAK
Sibiu 2.280 1.409 3.433 1.783 2.184 1.175 3.401 1.530

Ploieşti 2.184 1.495 3.120 2.144 2.141 1.394 3.366 1.995
Moreni 2.242 1.437 3.244 2.017 2.332 1.332 3.303 2.082

Curtea de 
Argeş 2.300 1.567 3.562 2.355 2.242 1.459 3.432 1.958

The resulted wood stacks had the following dimensions: 1 meter in width, 2 or 3 meters 
in length and an average height of 1 meter. For each wood stack the conversion factor was 
determined by using Eq. 1.

           (1)

where: fc –  the conversion factor;
 Vg – the gross wood stack volume, obtained by multiplying the three dimensions of the 
        stack; 
 Vn – the net stack volume obtained by using the xylometric method.

In order to determine the net volume of each stack, logs belonging to certain stacks were 
severed in order to obtain smaller lengths and make determinations possible. Depending on 
the log length, each log was converted to two or three pieces, each with the length of 1 m. 
The xylometric measurements were performed using a scale cylinder which was made for this 
purpose (Fig. 2). The xylometer was made out of a polyvinyl chloride (PVC) cylinder with the 
inner diameter of 38.18 cm and the length of 1.20 m. The cylinder had an orifice in the lower 
part through which it communicated with a thin polymethylmetacrylate (PMMA) tube with 
the diameter of 1 cm. The scale was shown on the tube by using a millimeter ribbon. A water 
volume of 144.943 cm3 corresponded to each millimeter. The volume of a log was the result of the 
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difference between the final value corresponding to the water level when the log was immersed 
in water and the initial value corresponding to the water level before the log was immersed in 
the cylinder.

The volume of each initial log (before crosscutting) was calculated by cumulating the 
exact volumes of each resulted piece (determined by using the xylometric method) as well as 
by considering the wood volume lost in crosscutting procedures. Volume loss for each log was 
estimated based on the width of the cut, which was made using a Stihl 361 chainsaw. We used 
Eqs. 2 and 3 in order to determine the solid volume of each log, depending on the log’s length.

- logs with the length of 3 m:                      (2)

- logs with the length of 2 m:                           (3)

where: V – solid volume of the log with the length of 2 or 3 m, measured in m3;
 V1, V2, V3 – solid volume of the resulting logs with the length of 1 m, obtained by using 
                          the xylometric method, measured in m3;
 d1, d2 – diameters of cross-sections, measured in meters;
 0.008 – cut width, measured in meters.

As the xylometric method is very intensive as far as the required resources are concerned, 
a practical application in forestry is quite excluded. For comparison, the conversion factor was 
determined with the diagonal method and with a new method, suggested by the authors, called 
the surface method. 

The conversion factor of stacked wood to solid content determined by the diagonal method 
(Fig. 3) is calculated with the following Eq. 4:

 (4)

where: Σli – represents the sum of diagonal segments overlapped by log ends;
 L1 + L2 – represents the sum of the length of diagonals.

                  
Fig. 3: Determination of the conversion factor by 
the diagonal method.

Fig. 4: The surface method.

The principle underlying the surface method refers to the determination of the conversion 
factor as a ratio of the surface occupied by the ends of logs to the surface of a well-known 
geometrical figure which includes the log ends as well as the voids between them. The same 
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principle is used by the quadrant method in Ireland (*** 1999). Basically, in the field, pictures 
were taken of the lateral parts of each wood stack, at a resolution which would assure a proper 
identification of the log contours. Pictures were taken perpendicularly on each lateral part of the 
stack. At the office, pictures were processed by using a CAD tool for digitizing. In order to do 
this, a square with the side of at least 1 meter was drawn on each picture (Fig. 4) using specific 
digitizing functions. Based on the method’s principle, all the log ends included in the drawn 
square were digitized (by tracing their contours) in order to extract the areas occupied by wood. 
In order to estimate the conversion factor for this method we used Eq. 5. 

  (5)

where: ΣSi – represents the sum of the surfaces of log ends; 
 Sp – represents the square surface.

For digitizing purposes we used a 30 day free trial of an AutoCAD software product. 
However, there are many free software products having digitizing and picture processing 
capabilities, which could be used to replicate the methodology of this study. 

Statistical analysis
Statistical analysis involved several steps. A first step consisted in the determination of 

stacked and solid volume for each stack in species and wood assortments. In order to do this, we 
used the data regarding the dimensions of each stack as well as the data resulted from xylometric 
determinations. Then, we computed the basic descriptive statistics for each stack referring to the 
mean diameters and number of logs. Conversion factors were calculated for each stack using the 
three methods described above, by considering the species and the wood assortments. Finally, 
mean values were calculated for each species and wood assortment using the data provided by the 
wood stacks containing the same species and wood assortments. 

In order to identify the possible differences between the results obtained by the methods 
used, we designed a comparative experiment. Thus, comparisons were made between the 
estimates of the conversion factors obtained by each of the last two methods, using as reference 
the values obtained by the xylometric method. These tests were performed using the estimates 
of conversion factors provided by the same species and wood assortment. Since we intended to 
compare the diagonal and the xylometric method, the surface and xylometric method respectively, 
we performed a standard t-test. Due to a relatively reduced amount of data within the data pools, 
we were not able to check the normality of distribution. Also, an increased number of field tests 
is inefficient considering the allocated resources. Therefore, for the same treatments, a Wilcoxon 
Signed Rank test was conducted, which is performed on paired data sets assuming that the data 
from samples do not follow a normal distribution.

In order to provide a more descriptive overview of the results, we computed the variation 
coefficients using the data obtained in this study, on species, assortment type and method used. 
Because the surface method is a new, untested method, we attempted to express the relation 
between the time used for determining the conversion factor (independent variable) and the 
number of logs within a stack. For this purpose, two variants were taken into account: time 
consumption estimate when digitizing log ends, respectively time consumption estimate when 
digitizing the voids between the logs. In order to emphasize the possible difference between 
the two, we used the regression technique, by incorporating the treatment as an attributive 
independent variable. Finally, we tried to express the relation between the value of the conversion 
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factor and two independent variables: average diameter of logs and number of logs. For this 
purpose, we used the data obtained on wood assortments in order to establish regression equations.

RESULTS AND DISCUSSION

On the precision of the methods used
The average values for each wood assortment, along with the number of logs from the stack, 

the mean diameter of logs, and the conversion factors are presented in Tabs. 3 and 4 (Tab. 2 for 
pulpwood and Tab. 3 for firewood). 

Tab. 2: The conversion factor of stacked wood to solid content for pulpwood assortments.

Forest District
Pulpwood 2 m Pulpwood 3 m

Mean 
diameter

No. of 
logs

Conversion factor Mean 
diameter

No. of  
logs

Conversion factor
X* S D X S D

COMMON HORNBEAM
Mediaş - Şeica 

Mică - 13 45 0.54 0.55 0.63 16 32 0.51 0.54 0.78

Mediaş - Bazna - 18 22 0.56 0.55 0.57 23 15 0.56 0.54 0.74
Dumbrăveni - - - - - 21 18 0.55 0.53 0.73

Râmnicu Vâlcea 19 25 0.65 0.63 0.73 19 25 0.59 0.57 0.62
Average 17 31 0.58 0.58 0.64 20 23 0.55 0.55 0.72

P – value** - - - > 0.05 > 0.05 - - - > 0.05 > 0.05
EUROPEAN BEECH

Avrig 22 20 0.71 0.73 0.76 21 20 0.61 0.59 0.69
Câmpina 23 19 0.73 0.72 0.83 23 18 0.72 0.70 0.68
Moreni 17 32 0.68 0.68 0.70 18 27 0.64 0.63 0.62

Curtea de Argeş 19 25 0.70 0.69 0.73 20 24 0.69 0.66 0.67
Average 20 24 0.71 0.71 0.76 21 22 0.67 0.65 0.67
P - value - - - > 0.05 > 0.05 - - - > 0.05 > 0.05

OAK
Sibiu 20 20 0.62 0.65 0.69 18 23 0.52 0.51 0.48

Ploieşti 19 24 0.68 0.69 0.82 19 25 0.69 0.70 0.80
Moreni 17 31 0.64 0.64 0.67 18 29 0.62 0.64 0.69

Curtea de Argeş 15 40 0.68 0.69 0.65 17 31 0.62 0.61 0.69
Average 18 29 0.66 0.67 0.71 18 27 0.61 0.62 0.67
P - value - - - > 0.05 > 0.05 - - - > 0.05 > 0.05

* X – xylometric method; D – diagonal method; S – surface method;
** p – value – indicates the significance of the difference between methods X, S, and D as a result of applying the t-test
and the Wilcoxon Signed Rank test. 
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Tab. 3: The conversion factor of stacked wood to solid content for firewood assortments.

Forest District
Firewood 2 m Firewood 3 m

Mean 
diameter

No. of  
logs

Conversion factor Mean 
diameter

No. of  
logs

Conversion factor
X* S D X S D

COMMON HORNBEAM
Mediaş - Şeica Mică - - - - - - 10 69 0.43 0.47 0.47

Dumbrăveni 12 52 0.49 0.52 0.46 - - - - -
Râmnicu Vâlcea 10 66 0.55 0.57 0.75 12 47 0.53 0.55 0.59

Average 11 59 0.52 0.55 0.61 11 58 0.48 0.51 0.53
P - value** - - - > 0.05 > 0.05 - - - > 0.05 > 0.05

EUROPEAN BEECH
Avrig 7 95 0.35 0.38 0.37 - - - - -

Câmpina 13 45 0.65 0.62 0.72 10 78 0.54 0.52 0.63
Moreni 13 45 0.62 0.60 0.53 14 36 0.54 0.51 0.65

Curtea de Argeş 18 26 0.67 0.69 0.58 17 29 0.63 0.65 0.62
Average 13 53 0.57 0.57 0.55 14 48 0.57 0.56 0.63
P - value - - - > 0.05 > 0.05 - - - > 0.05 > 0.05

OAK
Sibiu 10 72 0.54 0.56 0.71 10 68 0.45 0.48 0.57

Ploieşti 15 36 0.65 0.68 0.65 15 37 0.59 0.60 0.58
Moreni 13 50 0.57 0.59 0.49 15 38 0.63 0.60 0.78

Curtea de Argeş 13 52 0.65 0.62 0.69 13 39 0.57 0.59 0.62
Average 13 53 0.60 0.61 0.64 13 46 0.56 0.57 0.64
P - value - - - > 0.05 > 0.05 - - - > 0.05 > 0.05

* X – xylometric method; D – diagonal method; S – surface method
** p – value indicates the significance of the difference between methods X, S, and D as a result of applying the t-test and 
the Wilcoxon Signed Rank test.

The values obtained by the xylometric method are considered reference values in this 
analysis because the method is regarded as being the most precise of all. It must be noted that the 
conversion factor equally depends on both the net and gross wood stack volume. Consequently, 
for a precise determination of the gross wood stack volume, it is of the utmost importance that 
logs have the same length. In case the profile of the upper part of the stack is not even, the height 
considered for analysis should be an average one, representative of the respective wood stack. 
Considering the facts mentioned above, it is to be noted that the values closest to reference values 
were the ones obtained by the surface method. Differences between the two types of values 
do not exceed 3 % in any of the species studied. As far as the diagonal method is concerned, 
differences registered in this case vary significantly, with a maximum difference of +27 % in the 
case of common hornbeam pulpwood with the length of 3 meters of Şeica Mică area. Lupuşanschi 
(1976) shows that the errors in the determination of the conversion factor of stacked wood to solid 
content by the diagonal method in pulpwood with the length of 1 m are within the tolerance 
limit of ± 3 % only in 41 % of cases. In the other cases, the errors are much bigger accounting for 
± 19 %. This classification of methods based on their precision is justified by the fact that the 
xylometric method determines the volume of logs considering their specific spatial form. The 
surface method takes into consideration two dimensions while the diagonal method considers 
only one dimension. A major drawback of the diagonal method is represented by the fact that it 
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depends on the layout of logs from the stack. Diagonals may contain voids or thick ends which 
present buttress. The other two methods are based on the ratio of the net volume, the net surface 
respectively, occupied by logs, to the gross volume and to the surface of the square analysed. 
The use of the diagonal method for determining the conversion factor of stacked wood to solid 
content for the same wood assortments in the case of spruce led to higher values of the conversion 
factor of stacked wood to solid content than the ones obtained by the xylometric method (Câmpu 
2012). This tendency is evident in the present case especially in pulpwood where, because of big 
diameters, logs occupy more of the diagonal length. 

A test of the significance of the difference between the average values of conversion factors 
was conducted by using the t-test and the Wilcoxon Signed Rank test. Thus, in all situations – X 
versus D or X versus S – differences were not significant (p > 0.05) (Tabs. 2 and 3). Nevertheless, 
this classification of methods according to their precision is emphasized by the variation 
coefficient of the conversion factor determined by the three methods. Thus, it is noticed that 
(Tab. 4), generally, in the same species and the same wood assortment the variation coefficient 
of the conversion factor determined by the surface method is closer to the one determined by the 
xylometric method. Likewise, the variation coefficient of the conversion factor determined by 
the diagonal method is generally of the highest value. The variation coefficient of the conversion 
factor of wood assortments with the length of 1 m was determined by Decei and Armăşescu 
(1959), Decei (1962) with a value between 5 and 10 %. As compared to this, it is noticed that in 
the case of wood assortments with the length of 2 m, the variation coefficient is between 2.5 and 
13.6 % and, in the case of wood assortments with the length of 3 m it is between 2 and 17.4 %.

Tab. 4: Values of variation coefficients for the estimated conversion factors.

Species

Pulpwood
2 m 3 m

Xylometric 
method

Surface 
method

Diagonal 
method

Xylometric 
method

Surface 
method

Diagonal 
method

Common 
hornbeam 8.20 6.54 10.26 5.18 2.75 8.27

European beech 2.56 2.92 6.39 6.42 6.25 4.05
Oak species 3.97 3.41 9.40 9.89 11.18 17.42

Firewood
Common 
hornbeam 5.77 4.59 12.38 10.42 7.84 11.32

European beech 3.18 6.06 13.18 7.44 11.39 1.97
Oak species 8.08 7.24 13.62 11.98 8.93 13.23

With the surface method, and not only, a few rules must be obeyed in the building of 
wood stacks  so that the values of the conversion factor of stacked wood to solid content do not 
exceed the margin of error of ± 3 %. Thus, a skilled stack builder will produce stacks with higher 
conversion factors than those of an inexperienced stack builder. Because logs taper, it is important 
that stacks should be built with an equal amount of logs placed in opposite directions i.e. butt to 
top and top to butt (*** 1999). When, during the building of wood stacks, logs are mainly stacked 
with the thick end on the same part, it is recommendable that those measurements should be 
made on both lateral parts of the stack and that the final value should be an average value of 
the two measurements. However, these situations must be avoided as they double the effort for 
determining the conversion factor of stacked wood to solid content. 
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As far as the time necessary for determining the conversion factor by the surface method is 
concerned, it was noticed that this is generally lower when the surface of the voids included in 
the square is measured. Time depends on the number of logs included in the analyzed square, on 
the smoothness of contours and, last but not least, on the operator’s skills. The simple correlation 
coefficient (r = 0.97 when the contour of log ends is measured and r = 0.94 when the voids are 
measured) indicates, in both cases, a strong linear relationship between time and the number of 
logs (Fig. 5). 

 

         
Fig. 5: Time necessary for digitization: Series 1 –  
time necessary for the digitization of voids; Series 
2 -  time necessary for the digitization of log ends.

Fig. 6: Decrease of the conversion factor with the 
increase of the length of logs.

The results of simple linear regression analysis of the time necessary for determining the 
conversion factor in relation to the number of logs are presented in Tab. 5.

Tab. 5: Results of simple linear regression analysis of time necessary to determine the conversion factor in 
relation to the number of logs.

Variable Coefficient Standard Error t Statistic P - value
Time necessary for the digitization of log ends (R2 = 0.94; Standard Error 2.042; Degrees of freedom 

Regression 1, Residual 40; Significance F < 0.001***)
Constant 10.048 0.707 14.208 < 0.001***

No. of logs 0.441 0.017 25.912 < 0.001***
Time necessary for the digitization of voids (R2 = 0.89; Standard Error 1.391; Degrees of freedom 

Regression 1, Residual 14; Significance F < 0.001***)
Constant 9.598 0.482 19.927 < 0.001***

No. of logs 0.208 0.612 17.994 < 0.001***
Note: Asterisks denote significant correlations, *** P-value < 0.001

Besides precision, the surface method has the advantage that photographs can be stored in 
a database and used subsequent to the dispatching of wood, in the case of litigation or check-
ups, contributing to a better recording of wood movement. Moreover, photographs can be taken 
in such a way that the number of the truck which transported that particular wood should be 
displayed on them, along with the date when they were taken and the dispatch time. 

On the conversion factors determined 
The importance and necessity of this research is mainly demonstrated by the differences 

between the average conversion factor of stacked wood to solid content (0.62) determined for 
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firewood of broadleaves with the length of 1 m, which is used at present for wood assortments 
with the length of 2 and 3 m, and, the conversion factors determined for pulpwood and firewood 
with the length of 2 and 3 m. 

The smaller values of the conversion factor of stacked wood to solid content for wood 
assortments of 2 and 3 m confirm the decrease of the conversion factor with the increase of 
the length of logs. If the average conversion factor of stacked wood to solid content (0.62) for 
broadleaves with the length of 1 m and the values obtained for the length of 2 and 3 m are taken 
into consideration, this decrease becomes even more obvious (Fig. 6). Decei and Anca (1964) 
used the xylometric method to determine a value of the conversion factor of stacked wood to solid 
content of 0.72 for beech pulpwood with the length of 1 m. Thus, the decrease of the conversion 
factor with the increase of the length of logs becomes evident in the case of beech pulpwood too. 

As far as the values of the average conversion factors determined for pulpwood (0.65 for the 
length of 2 m and 0.61 for the length of 3 m) are concerned, it could be argued that the values 
obtained are higher than the ones used in other countries, where for mixed hardwood pulpwood 
with the length of 2.54 m, the value of 0.5078 is used, while for poplar pulpwood the value of 
0.6094 is used (*** 2012). For round wood measuring 2 m in length the conversion factor is 0.65, 
while for round wood with the length of 3 m the conversion factor is 0.55 (Ljubojević et al. 2011). 
In the case of firewood, the values obtained (0.56 for the length of 2 m and 0.54 for the length 
of 3 m) are lower than the ones obtained by Makkonen (1960) for silver birch firewood with the 
length of 2 m where the conversion factor is 0.605. 

Unlike wood converted to the length of 1 m which can also be split, firewood and pulpwood 
with the length of 2 and 3 m is only made of round pieces. Thus, values of the conversion factor 
primarily depend on form defects, crookedness, forks, knots, buckles and swelling. These defects 
are more likely to appear in the case of an increased length of logs (Giurgiu 1979; Leahu 1994). 
Likewise, the presence or absence of defects which affect the form of round wood, to a greater 
or a smaller extent, highly depend on the species or the group of species. Thus, the frequency 
of defects is higher in the case of broadleaves. Out of the species covered by this study, common 
hornbeam rates highest. Conversion factors vary with species and population, and are greatly 
dependent on log straightness (Lowore et al. 1994). Swept or crooked logs occupy a greater 
volume of a stack than straight logs. Logs with branch stubs protruding also result in uneven 
stacking and consequently a greater ratio of voids to timber. In other words, the better the quality 
of the product, the higher the conversion factor (net to gross volume ratio) (*** 1999). Thus, 
for firewood from branches with a small diameter (between 5 and 10 cm) a significantly lower 
conversion factor was determined than for firewood from tree trunks or thick branches which are 
not equally affected by multiple sweeps in all planes. This is the case of beech firewood converted 
to the length of 2 m, of Avrig area, obtained from branches with an average diameter of 7 cm, 
where the established value of the conversion factor of stacked wood to solid content is 0.35. 
This value differs a lot from the average value of 0.65 determined for firewood with the length 
of 2 m obtained from tree trunks and thick branches with a diameter between 13 and 18 cm in 
samples originating from Câmpina, Moreni and Curtea de Argeş. This shows once more the 
need to use methods which should permit the determination of the conversion factor of stacked 
wood to solid content for each separate group instead of using an average value established for the 
entire country. In a similar line, Decei and Armăşescu (1959) considered that the adoption of an 
average conversion factor of stacked wood to solid content is not recommendable mainly because 
of the high variability of these conversion factors. Decei and Anca (1968) recommended the use of 
different conversion factors for wood batches which are situated at the limit of thickness variation 
for the respective wood assortment. 
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Literature in the field (Giurgiu 1979; Leahu 1994) notices the existence of a linear 
connection between the conversion factor and the number of logs included in 1 stere meter. Thus, 
the research conducted emphasized a multiple linear connection between the conversion factor 
of wood assortments with the length of 2 and 3 m in the researched broadleaves, the average 
diameter of logs and the number of logs contained in a surface of 1 m2 on lateral part of the stack. 

                                              (6)

where: a0, a1, a2 – regression coefficients;
 d – average diameter of logs;
 n – number of logs which fit within a surface of 1 m2 on the lateral part of the stack.

The results of multiple linear regression analysis of the conversion factor in relation to the 
number and average diameter of logs are presented in Tab. 6.

Tab. 6: Results of multiple linear regression analysis of the conversion factor in relation to the number and 
average diameter of logs.

Variable Coefficient Standard Error t Statistic P - value
Pulpwood 2 m length (R2 = 0.632; Standard Error 0.041; Degrees of freedom Regression 2, 

Residual 8; Significance F < 0.05*)
Constant a0 = -0.320 0.334 -0.969 0.361

Average diameter a1 = 0.039 0.012 3.188 0.012*
No. of logs a2 = 0.009 0.004 2.275 0.052
Pulpwood 3 m length (R2 = 0.554; Standard Error 0.050; Degrees of freedom Regression 2, 

Residual 9; Significance F < 0.05*)
Constant a0 = -1.286 0.579 -2.218 0.054

Average diameter a1 = 0.067 0.580 3.331 0.009**
No. of logs a2  =0.025 0.008 3.026 0.014*
Firewood 2 m length (R2 = 0.767; Standard Error 0.054; Degrees of freedom Regression 2, 

Residual 7; Significance F < 0.01**)
Constant a0 = 0.904 0.512 1.767 0.121

Average diameter a1 = -0.005 0.025 -0.181 0.861
No. of logs a2 = -0.005 0.004 -1.334 0.224
Firewood 3 m length (R2 = 0.771; Standard Error 0.039; Degrees of freedom Regression 2, 

Residual 6; Significance F < 0.05*)
Constant a0 = 0.040 0.286 0.141 0.893

Average diameter a1 = 0.033 0.015 2.299 0.061
No. of logs a2 = 0.002 0.002 0.0718 0.500

Note: Asterisks denote significant correlations, *** P-value < 0.001; ** 0,001 < P-value < 0.01; * 0.01 < P-value < 0.05

The multiple correlation coefficient R varies between 0.745 and 0.879 for all models and 
indicates a strong linear relationship between the conversion factor and the independent variables 
(average diameter and number of logs). However, a significant influence of the number of logs 
(0.01 < P-value < 0.05) and of the average diameter (0.001 < P-value < 0.01) upon the conversion 
factor is only visible in the case of pulpwood with the length of 3 m.

nadaafc 210 ++=
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CONCLUSIONS

Differences between the values of the conversion factor of stacked wood to solid content 
for wood assortments with the length of 1 m and the values of the conversion factor for wood 
assortments with the length of 2 and 3 m bring to the fore the need to determine conversion factors 
for wood assortments with the length above 1 m. On the other hand, the variation of conversion 
factor values for the researched wood assortments emphasize the need to introduce in practical 
silviculture methods which would allow the determination of conversion factors for each wood 
stack instead of using average conversion factors. One such method is the surface method which 
was taken into consideration in this paper and which falls within the accepted margin of error 
of ± 3 %. As far as the diagonal method is concerned, this is not recommended for determining 
conversion factors for wood assortments with the length above 1 m because the values obtained 
exceed the accepted limit in most cases. Also, differences between conversion factors obtained 
by the S method and the D method are insignificant as opposed to the ones obtained by the X 
method (p > 0.05, in the t and Wilcoxon Signed Rank test). The variation coefficients (between 
2.5 and 13.6 % by the S method and between 2.0 and 17 % by the D method) situate the S method 
before the D method as far as the precision of determining conversion factors is concerned.  

The establishment of correlations between conversion factors, average diameter of logs 
and their number from a surface of 1 m2 on the lateral part of the stack is quite difficult as a 
high number of measurements is necessary. The present paper established the fact that there is 
a multiple linear correlation between the researched variables (F < 0.05). It was only in the case 
of pulpwood with the length of 3 m that a significant influence of the number of logs (0.01 < 
P-value < 0.05)  and of the average diameter (0.001 < P-value < 0.01) on the conversion factor 
was determined. 

The methodology used for determining conversion factors of stacked wood to solid content 
based on the ratio of the net wood stack volume to the gross wood stack volume, can be used both 
for wood assortments converted to the length of 2 and 3 m and for other lengths, on condition 
that requirements with respect to the building of the wood pile should be respected. Thus, 
wood stacks should contain wood pieces of the same length and the average height should be 
representative of the entire wood stack.
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