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Abstract. The article is a contribution to solutions of 
monitoring the storage of carbon in the woods and its 
emissions. Four permanent research plots were established 
in the area of the Chřiby uplands in the Czech Republic and 
became subject of targeted measurement. The plots are 
made of forest stands with nearly 100 % of European beech 
(Fagus sylvatica L.). The stands form simple spatial 
structures of about the same age (about 180 years). They 
represent however varying site conditions (dwarf acid beech 
stands, herb-rich beech stands, and transitions between 
them). For quantification of carbon storage, standard 
dendrometric methods and the Field-Map technology were 
used. The total amount of carbon was established as the sum 
of further documented carbon storages in the in the 
aboveground biomass, the belowground biomass, woody 
debris and the forest soil. Total carbon storage per hectare of 
stand is in average 370.2 t. Obtained outcomes support the 
quantitative results of latest research related to carbon in the 
woods. 
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Introduction 

Introduction 
In the forest ecosystem, carbon is present in various forms. 
Two basic forms are to be distinguished –  carbon within the 
biomass of organisms; and carbon contained within the soil 
(Lal 2005). The carbon in the biomass means aboveground 
biomass and belowground biomass. Moreover, woody 
debris is added as the biomass of the vegetation (Tyrrell, 
Ross 2009). Carbon in the soil includes soil organic carbon 
(SOC) and soil inorganic carbon (SIOC). The litter is 
usually also taken into account, especially with respect to 
forest soil (Cienciala et al 2006c).  
The share of carbon in woody vegetation is quantitatively 
assessed using the coefficient 0.5. Thus, the amount of 
carbon is often assessed by the amount of the biomass in the 
stand by means of transformational assessment. It has been 
proved however that young stands contain less carbon than 
the old ones (Tyrrel, Ross 2009). Also a different tree 
species composition leads to different storage of carbon.  E.g. 
Joosten et al. (2004) state that the carbon storage in the 
biomass of a 120-year-old beech stand is 160 tonnes of C per 
hectare, Jandl et al. (2007) found 100 tonnes of C per hectare 
in a 100-year-old spruce stand. 
     The carbon is ascertained by means of two principal 
approaches –  measuring the carbon storage and measuring 
its flux.  
By measuring the amount of carbon we obtain what is called 
the carbon storage estimation. The measuring of the carbon 
flux is important to find out whether the stand in question is 
a source of carbon or whether it binds carbon. The following 
are used:: indirect measurement –  measuring of changes in 
carbon storage which can be used to infer the carbon fluxes 

at a specific level of reliability; direct measurement –  the 
results of carbon fluxes in the stand show how much carbon 
(in the form of CO2) is issued (+) or bound (-) in a specific 
period (Zhang et al. 2009)  
The stand storage and the area of the stand soil represent the 
fundamental data for the quantification of the changes in 
carbon storage contained within the biomass. The 
quantification of carbon balance uses two main alternative 
methods. The first method is the fundamental one based on 
the quantification of increments and losses in the specific 
area (the corresponding forest category (i), climate zone (j), 
and management methods (k)) according to the equation: 
 

( ) ]*[ΔC ijk ijkLIijk CCA −= ∑  
 
where Aijk is the forest area in ha; CI is the storage increment; 
and CL is the loss of carbon storage. 
The second approach is represented by the method of 
establishing the changes in the storage, where the change in 
carbon storage in the biomass is determined by the 
difference of the storage between two periods, i.e.: 
 

( ) ( )ijktt ttCC 1212ijk /ΔC −−= ∑  
 
where Ct2 and Ct1 are the carbon storage amounts in a unit of 
a forest ecosystem at moments t2 and t1 respectively (IPPC 
2003). 

Material and methods 

In 2008, four comparative research plots were singled out in 
the area Chřiby for the purpose of the carbon study. The 
ridges of the Chřiby are covered in developed Cambisol both 
saturated and non-saturated, the slopes are covered with 
brown soil on loess loam. The territory is located in mild 
warm area with average temperatures ranging from 7.6oC to 
8.2oC and annual precipitation around 650 mm. The territory 
of the Chřiby is forested nearly in its entire area.  
Three of the research plots are 1 ha in area and one of them is 
0.5 ha (limited by site conditions). There are beech stands of 
approximately the same age (180 y) with a simplified 
structure varying by site. According to the valid forest 
management plan, the studied stands are characterized by 
the following data:  
The Máchova dolina research plot (0.5 ha) is a component of 
the Máchova dolina Natural Monument in stand no. 
402Ea17. The stand area is 2.51ha. Further information: 
forest type group 3K6, tree species composition - beech 
100%, age - 187 y, stocking - 8, rotation period - 150 years. 
Soil type is Cambisol, typical oligotrophic.  
The Sever research plot (1 ha) is located in the northern part 
of the Holý kopec Nature Reserve, stand no. 203Ea17. The 
stand area is 34.7 ha. forest type group 4D –  enriched beech 
stand, tree species composition - beech 100%, age - 162 y, 
rotation period - 150 years, stocking - 8.  Soil type is 
Cambisol luvic (gley).  
The Rynek research plot (1 ha) is located in the southern part 
of the Holý kopec Nature Reserve, stand no. 204Ea17. The 
stand area is 26.00ha. Further information: forest type group 
3B –  rich oak beech stand, tree species composition - beech 
100%, age - 164 y, stocking - 8, rotation period - 150 let. Soil 
type is Cambisol, typical mesotrophic. 
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The Ocásek research plot (1 ha) is found in the proposed 
Ocásek Natural Monument, stand no. 57 Ba17/1.  The area 
of the stand group is 3.27 ha. Further information: forest 
type group 3A –  lime and oak beech stand, tree species 
composition –  beech 99%, lime 1% and admixture of elm. 
Further information: age - 183/4 (age of regeneration in the 
young growth); stocking - 7/3 (young growth), rotation 
period - 140 years. Soil type is Cambisol,  ranker (Schneider 
et al. 2008). 
The basis for the concerned biometric measurements is the 
methodology presented in Developmental Dynamics of 
Virgin Forest Reserves in the Czech Republic (Vrška et al. 
2002). The Field-Map technology was used to trace out the 
positions of all standing living trees. All trees with 10cm 
diameter in breast height with bark were measured and 
described. Concerning dendrometric characteristics, the 
diameter at breast height (DBH) was taken at the height of 
1.3 m from the trunk foot. Another explored characteristic 
was the height of each tree. The tree height was measured 
with 0.5m accuracy by an ultrasound altimeter. These input 
data were used to establish the volume of trunks of timber. 
The total volume of biomass in individual components was 
specified, based on biometric surveys, in order to establish 
the share of carbon - aboveground biomass, belowground 
biomass and forest soils. 
First, the amount of the aboveground biomass was 
established. Several different methods based on the 
procedures referred to above were used. Table 1 lists the 
useful equations for the calculation of the aboveground 
biomass of European beech Fagus sylvatica L. 
 
Table 1. Equations for the calculation of the aboveground 
biomass (B) of Fagus sylvatica in dependence on the 
diameter at breast height (D) and the tree height (H) 
 
Source Formula β0 β1 β2 
Muukkonen 
(2007) 

1
0

ββ DB =
 

0.240 2.322  

Cienciala 
(2005) 

21
0

βββ HDB =
 

0.047 2.121 0.697 

Wutzler  
(2007) 

21
0

βββ HDB =
 

0.0551 2.11 0.589 

 
The equation presented in Joosten et al. (2004) was used to 
calculate the amount of carbon in the aboveground biomass 
(Table 2). 
 
Table 2. Equation for the calculation of carbon content in 
the aboveground biomass (B) in dependence on the 
diameter at breast height (D) and the tree height (H) for 
Fagus sylvatica according to Joosten et al. (2004) 
 
Source Formula β0 β1 β2 
Joosten 
et al.  
(2004) 

HDB ln2ln10ln βββ ++=
 

-3.7378 2.1596 0.6338 

 
Comparatively, the estimation of aboveground biomass was 
carried out by means of BCEF (Kolektiv 2007)  (Table 3).   
 
Table 3. Biomass conversion and expansion factor (BCEF) 
for the European beech (Kolektiv 2007) 
Source Formula p1 p2 P3 
CzechCarbo 
(2007) 

3/
*2*1

pA
eppCBEF
−

=

 

0.55
8 

0.24
6 

100 

 
 
 

The amount of the biomass is the result of multiplication of 
the volume of timber (V) and BCEF factor (Samogyi et al. 
2006): 
B = V *BCEF   
To convert the biomass into the carbon amount, the 
coefficient of 0.5 was used (Joosten et al. 2004, Mund 
2004). 
To calculate the belowground biomass, two equations based 
on Wirth et al. (2003) (Table 4).  
 
Table 4. Equations for the calculation of the belowground 
biomass (y) in dependence on the diameter at breast height 
(D) of Fagus sylvatica 
Source Formula β0 β1 
Wirth 
(2003) Dy ln*10 ββ +=

 
-3.88751 2.51218 

Wutzler 
(2007) 1*0

ββ Dy =  
0.0292 1.70 

 
To convert the carbon amount in the belowground biomass, 
we used the value of 0.5 in accordance with Brown (2002).  
The carbon content in the soil was generated on the basis of 
Macků in Kolektiv (2007) where the carbon content in the 
forest soil (including organic and mineral horizons) was 
established in dependence on the forest altitudinal 
vegetation zone and the ecological trofic and edafic 
classification. Within the various comparative plots the 
values of the carbon in the aboveground biomass according 
to various authors were compared by means of statistical 
methods (Drápela 2000). To compare the statistically 
significant differences of the calculated values among the 
authors, the single-factor dispersion analysis ANOVA and 
Scheffé's method of multiple comparison (at the level of 
significance p=0.05, i.e. at 95% probability) were used. 
Results and disscussion 

When assessing the volume of aboveground biomass the 
highest number of trees was found in the Máchova dolina 
PRP –  296 specimens; the lowest number of trees was 
found in the Rynek PRP. In the total sum for individual PRP, 
the highest storage is in the Sever PRP –  1000.11m3; the 
lowest storage is even after the conversion in the Máchova 
dolina PRP –  305.18m3. (Table 5). 

Table 5. Number of trunks and total storage5 
Permanent research 
plot 

Number of trees 
(pieces) 

Total storage 
(m3) 

Rynek 125 795.76 

Sever 235 1000.11 

Máchova dolina 296 305.18 

Ocásek 128 798.98 

 In terms of the woody debris the most standing and lying 
trunks are found in the Rynek PRP –  34 pieces, the fewest 
are in the Máchova dolina PRP –  10 pieces. For each piece, 
the degree of decay and the volume were calculated on the 
basis of the trunk length and diameter. The highest amount 
of woody debris is in the Rynek PRP –  72 m3, the lowest in 
the Máchova dolina PRP –  7.04 m3. The total number of 
trunks and the storage of individual plots are presented in 
Table 6. 
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Table 6. The total number of pieces of woody debris and 
their volume 

Permanent 
research 

plot 

Lying wood Standing wood Total 

volume 
(m3) 

Number 
(pieces) 

volume  
  (m3) 

Number 
(pieces) 

volume 
(m3) 

Number 
(pieces) 

Rynek 65.58 27 6.46 7 72.04 34 

Sever 30.77 15 10.53 7 41.30 22 

Máchova 
dolina 0.16 2 6.88 4 7.04 10 

Ocásek 33.17 14 16.05 10 49.22 24 

 

The amount of carbon was established as the sum of the 
carbon storage in the aboveground biomass, the 
belowground biomass, woody debris and the forest soil 
(including litter and mineral horizons). 

Carbon in the aboveground biomass 

The sums show the differing estimations of the amount in 
dependence on the used procedures. The highest values were 
achieved for the Sever PRP; the Rynek PRP and the Ocásek 
PRP are of approximately the same amount of carbon; the 
Máchova dolina PRP has the lowest amount (even when 
converted to 1 ha). The carbon amounts in the AGB related 
to the individual methods are best shown in Table 7.   

Table 7. Carbon storage in the aboveground biomass 

 
Carbon in the belowground biomass 

The results show that the largest storage in the BB is in the 
Sever PRP, the smallest in the Máchova dolina PRP. In 
comparison with the amount in the AGB in the other plots, 
the difference is not significant. In the Máchova dolina PRP 
we can see a high dependence of the BB amount on the 
number of trees per an area unit. Table 8 shows the carbon 
content estimations for the PRP according to the equations 
used. Statistically, both values are significant; therefore, they 
were taken account of in the consequent calculations of the 
total carbon content. 

Table 8. Carbon storage in the belowground biomass 

PRP C storage in BB (t/ha) 
WUTZLER WIRTH 

Rynek 36.40 44.44 
Sever 41.08 48.68 
Máchova dolina 26.06 29.97 
Ocásek 36.40 48.16 

Carbon in woody debris 

The highest total carbon storage was found in the Rynek 
PRP (12.73 t/ha). The lowest storage was again found in the 
Máchova dolina PRP (1.15t/ha). The largest storage of 
standing wood is in the Ocásek PRP. The total values of 
particular plots are presented in Table 9. 

Table 9. Carbon storage in woody debris 

 
Carbon in the soil 

The highest value of 65.2 t/ha has been found for the Sever 
PRP, the lowest for the Ocásek PRP.  

Total carbon storage of forest stands 

The storage of the stands was calculated on the basis of the 
data obtained through the results of individual PRPs. The 
hectare storage was multiplied by the area of the stand 
groups. The resulting values are presented in Table 10. 
 
Table 10. Total carbon storage in the stands 

 

Conclusions 

The aim of the research was to quantify and evaluate the 
total carbon storage in the selected beech stands on 
explicated research plots.  
The survey shows that even though all four plots were beech 
stands with a simplified structure, there were differences 
among them concerning the total carbon storage. The 
highest C storage was found in the Sever plot. In total this 
plot retains 395.25 tC/ha: its aboveground biomass 
accumulates 280.40 tC/ha; the belowground biomass has 
48.68 tC/ha, and its woody debris retains 8 tC/ha. The 
storage of soil carbon is 58.17 tC/ha. 
The Rynek and Ocásek stands resemble to a great degree. 
The total carbon storage in the Rynek PRP is 352.72 tC/ha: 
230.61 tC/ha in the aboveground biomass, 44.44 tC/ha in the 
belowground biomass, 12.47 tC/ha in the woody debris. The 
storage of soil carbon is 65.2 tC/ha. 
 

PRP 
Lying wood Standing wood Total 

carbon 
(t/ha) 

volume 
(m3) carbon (t) volume 

(m3) carbon (t) 

Sever 30.77 6.07 10.53 1.92 8.00 

Rynek 65.58 11.29 6.46 1.18 12.47 

Ocásek 33.17 8.34 16.05 3.39 11.73 

Máchova d. 0.16 0.03 6.88 1.12 1.15 

PRP 
C storage in AGB ( t/ha) 

Muukkonen Cienciala Wutzler Joosten Cbef 

Rynek 232.22 243.12 183.86 230.61 252.94 

Sever 266.40 298.95 225.98 280.40 318.38 

Máchov
a dolina 171.88 118.59 97.46 115.58 95.75 

Ocásek 250.76 250.24 190.50 238.48 250.66 

PRP Total carbon 
(t/ha) 

Stand area 
(ha) 

Total carbon in the 
stand (t) 

Rynek 348.25 26.00 9054.37 

Sever 399.72 34.70 13870.26 

Máchova d. 196.45 2.51 493.09 

Ocásek 340.03 3.27 1111.89 
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The total carbon storage in the Ocásek PRP is 350.60tC/ha: 
238.48 tC/ha in the aboveground biomass, 48.16 tC/ha in the 
belowground biomass, 11.73tC/ha in the woody debris. The 
storage of soil carbon is 52.24 tC/ha. It means the difference 
is “only” 1.12 tC/ha. The storage is different in different 
places of storage (AGB, BB, soil, debris).  
The lowest value was found in the Máchova dolina PRP –  
185.87 tC/ha on average. Its aboveground biomass 
sequesters 115.58 tC/ha, the belowground biomass 29.97 
tC/ha, the woody debris only 1.15 tC/ha. The forest soil 
contains 38.18 tC/ha. 
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