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Abstract
The aim of this study was to estimate the aboveground carbon sequestration and the amount 

of CO2 emissions at logging operation in Hyrcanian forests of Iran. Required data, such as forest 
standing stock, annual growth increment of trees, wood density and timber harvesting, were 
collected from secondary sources. Allometric equation was used for estimating the carbon se-
questration. The amount of CO2 emission was calculated. Results showed that the annual growth 
per hectare and the amount of carbon sequestration per growth were 3.37 m3·yr-1 and 1.14 t·ha-1, 
respectively. Results also indicated that the value of aboveground sequestrated carbon and its 
net present value were 71,217.63 (10,000 IRR∙ha-1) and 12,668.28 (10,000 IRR∙ha-1), respective-
ly. Finally, the amount of carbon emission per hectare was calculated, as it was 0.01078 t∙ha-1 per 
year. The results of emission and carbon sequestration per hectare of the forest show that not 
only logging per hectare of forest will eliminate annual carbon sequestration, but also leads to an 
increase in CO2 into the atmosphere due to harvest activity.

Key words: aboveground biomass, allometric models, NPV, sustainable forest management, 
wood density.

not reflect the true value of these servic-
es. In fact that many decisions made by 
the government or the private sector are 
based on market price information for 
these services, the lack of real value of 
carbon sequestration leads to erroneous 
decisions about forest ecosystem man-
agement (Brack 2019).

In forest ecosystems, carbon exists in 
various forms. Different approaches have 
been used to provide forest carbon esti-
mation and inventory (Andersson et al. 

Introduction

Forest ecosystems services are extremely 
vital for human beings. In this regard, car-
bon storage is one of the most important 
ones. An important criterion for consider-
ing the importance of ecosystem servic-
es is to assess their economic value. The 
monetary value of carbon sequestration in 
forests remains unknown, whereas many 
ecosystem services have been measured 
in this way. As a result, market prices do 
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2009). Two fundamental forms need to 
be distinguished – carbon in the soil and 
carbon in the plant biomass (Lal 2005). 
Carbon in biomass means aboveground 
biomass and belowground biomass. 
Woody debris is also added as plant bio-
mass. The carbon content of wood vege-
tation is quantified by a coefficient of 0.5. 
Therefore, the amount of carbon is often 
assessed by stand’s biomass amount us-
ing a transformational assessment (Tyrrell 
et al. 2009). These variations are influ-
enced by climate, species, site productiv-
ity, and silviculture (Jarvis et al. 2005). By 
measuring the amount of carbon, we can 
estimate the stored carbon (Zhang et al. 
2009).

There are numerous other ways to es-
timate carbon store and flux. In the case 
of access to actual tree values (diameter 
of the breast height ‘DBH’ and height) 
relative to the target population, biomass 
equations are preferred (Zhang et al. 
2009). Allometric models employ distinct 
tree parameters including DBH and total 
tree height (ht) from forest inventory for 
estimating the aboveground biomass vol-
ume. A further principle explanatory varia-
ble for an allometric model to estimate bi-
omass is the basic density of wood, which 
is evaluated based on dry mass to green 
volume ratio of wood samples in the labo-
ratory (Cole and Ewel 2006).

Allometric correlations of tree size pa-
rameters (DBH, stem diameter at ground 
surface and tree height) and the biomass 
of stem, leaf and total root in different 
trees from tropical secondary-forest in 
Sarawak, Malaysia, were established by 
Kenzo et al. (2009).

Moreover, site-specific and general 
models were developed by Mugasha et 
al. (2016) to estimate the aboveground 
biomass and total tree volume using al-
lometric models. Their findings show that 

tree allometry differs significantly between 
site-specific ht-DBH models of the stud-
ied forests, which seems appropriate for 
tree height estimation. Allometric biomass 
models that include basic density of wood 
are strongly recommended to enhance 
the accuracy of estimates where this in-
formation is available. 

Miah et al. (2020) used allometric 
models to determine the aboveground 
biomass for five homestead tree species 
in Bangladesh. Their results showed that 
for most of the species a combination be-
tween DBH at 1.3 m above the ground 
and ht is the explanatory variable that is 
required.

The need to quantify carbon stocks in 
various types of forests is equally signifi-
cant for emerging carbon market mecha-
nisms including emissions reduction and 
deforestation. To achieve this, suitable 
allometric patterns are required for a par-
ticular type of forest (Molto et al. 2013). 
Allometric models use separate tree pa-
rameters including DBH and ht of the for-
est inventory and wood basic density for 
estimating the volume of carbon stored in 
the stock of aboveground biomass (AGB). 
This factor is determined as the dry mass 
to green volume ratio of wood samples in 
the laboratory (Chave et al. 2014).

The ht-DBH models were developed 
for four major types of forests (such as 
plain forests) by Mugasha et al. (2013). 
Due to the significant changes in ht at 
various forest areas depending on climate 
function and other environmental factors, 
a local ht-DBH model should be devel-
oped to better estimate the volume of tree 
or biomass (Feldpausch et al. 2012).

Manual and mechanized operations 
in forestry management activities involve 
fossil fuel usage and there will be emission 
of CO2 into the atmosphere. To perform a 
complete and precise assessment of the 



320	 N. Amiri and S. Mohammadi Limaei

net carbon balance in the forestry ecosys-
tem, quantification of CO2 emissions from 
forestry operations is essential (Liski et al. 
2001). This amount is generally estimated 
according to the quantity of fuel consump-
tion during each operation and each fuel’s 
specific emission (Berg and Karjalainen 
2003). The quantity of fuel usage during 
each operation can be calculated direct-
ly from real data of the machinery opera-
tion (Berg and Lindholm 2005). It maybe 
also obtained indirectly from the effective 
working time required for performing the 
operation and the relevant machine fuel 
usage per hour work (Schwaiger and Zim-
mer 2001). Dias et al. (2007) developed 
and exerted a methodology to evaluate 
CO2 emissions of fossil fuel from opera-
tions carried out in Portuguese eucalyptus 
and maritime pine stands. These results 
suggest that tree logging represents for 
about 40 % of the total CO2 emissions 
per year from these stands. Mohammadi 
Limaei (2020) investigated the efficiency 
of forest management units considering 
economics and carbon dynamic. Carbon 
sequestration and CO2 emissions were 
considered in efficiency analysis of forest 
management units in Hyrcanian forests or 
Caspian forests of Iran.

In forestry studies, there is less atten-
tion to carbon sequestration by trees, as 
well as CO2 emissions during the harvest-
ing and transportation of raw materials. 
Ignoring the amount of carbon sequestra-
tion of trees and carbon emissions from 
logging operations in forest areas may 
adversely affect the appropriate forest 
management plans. Hence, in this study, 
the role of the Shafarood forest in Iran in 
mitigating climate change through carbon 
sequestration is investigated. In addition, 
forest management has been evaluated 
by considering CO2 emissions during the 
logging operations. The results of this 

study assess the potential economic val-
ue of carbon sequestration in Iranian Hyr-
canian forests and its potential to contrib-
ute to the carbon trade. Moreover, based 
on the inventory data, we examined the 
status of the carbon stock and subse-
quently determined the carbon model us-
ing allometric equations in Iranian Hyrca-
nian forests.

Material and Methods

Study area

This study was performed in Shafarood 
district No. 7 at Bargah Zamin forests, Gui-
lan province in north of Iran. The altitude 
ranges from 1000 to 2050 m a.s.l., the lat-
itude is 37°21’50” N, and the longitude is 
48°59’00” E (Fig. 1). This forestry district 
has a total area of 1064 ha and the har-
vesting site is 437.5 ha. The volume per 
hectare in this district is 303.96 m3∙ha-1. 
Forest types in the central part of this 
district are Oriental beech (Fagus orien-
talis Lipsky), Caucasian alder (Alnus sub-
cordata C.A.Mey.), common hornbeam 
(Carpinus betulus L.), chestnut-leaved 
oak (Quercus castaneifolia C.A.Mey.) and 
other industrial species such as Persian 
maple (Acer velutinum Boiss.), large-
leaved lime (Tilia platyphyllos Scop.), 
common ash (Fraxinus excelsior L.), 
wych elm (Ulmus glabra Huds.), sweet 
cherry (Prunus avium L.), Cappadocian 
maple (Acer cappadocicum Gled.). For 
brevity, only the generic names of these 
species are used henceforth. The aver-
age annual rainfall is 989.7 mm and the 
average annual temperature is 15.2  °C. 
The wood volume per hectare of tree spe-
cies such as beech, hornbeam, oak, alder, 
and other species are 170, 77.42, 3.16, 
37.11 and 16.26 m3∙ha-1, respectively. The 
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growth rate in the region is 3.37 m3∙ha-1. 
The amount of harvested timber in Shafa-
rood forests was 1073 m3 per year for the 
whole district and 2.45  m3∙ha-1 per year 
(Shafarood forestry plan booklet 2011). 
In Iran, the policy of harvesting 50  % of 
the growth rate was on the agenda as a 
pillar in forest rehabilitation management. 
The reason for this was that the forest ex-
ploitation policy will be in order to create 
a breathing space in the occurrence of 
maximum growth potential and volume. 
This policy was implemented for one or 
two 10-year periods, and will continue if 
the volume and growth do not reach to the 
target. Currently, there is a logging ban 
in Hyrcanian forests of Iran due to socio-
economics problems and environmental 
issues.

Collecting data

Data such as tree species types, wood 
density, DBH and stock are essential to 
use in the allometric model. The wood 
density of beech, hornbeam, alder, oak, 
and the other species (maple, ash, elm, 
etc.) are 0.670, 0.700, 0.58, 0.64, and 
0.62  t∙m-3, respectively (Parsa-Pajouh 

1995). Therefore, their average wood den-
sity is 0.642 t∙m-3. Nevertheless, inventory 
form sample plots are very difficult and 
costly. Therefore, required data such as 
volume per hectare, DBH, species types 
and harvested timber have been collect-
ed from Shafarood forestry plan booklet 
(2018). Annual growth data was collected 
from previous research in the study area 
(Bonyad 2005).

Estimation of stored carbon

The estimation of carbon sequestration 
quantity in tree species was performed  
based on inventory and wood density. 
Then, the carbon model was estimat-
ed. Finally, the coefficients of each vari-
able, related to the carbon equation, was  
determined. Kabiri Koupaei (2009) es-
timated the allometric equations of tree 
canopies based on DBH for beech-horn-
beam mixture in Kheirud Kenar forest  
in Iranian Hyrcanian forests. Due to spe-
cies composition similarity and climat-
ic status between our study region and  
that area, we used allometric equations 
estimated by Kabiri Koupaei (2009)  
(Table 1).

Fig. 1. Geographical location of the study area in Shafarood watershed  
in the west of Hyrcanian forests, north of Iran.
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Table 1. Estimated parameters of tree crown in allometric equations for beech-hornbeam 
mixed forest.

Species Dependent 
variable

Independent 
variable

Parameter R2
b0 b1

Beech
V, m3

DBH, cm

0.00025 2.4 0.981
BCr, kg 0.003 2.802 0.934

Hornbeam
V, m3 0.00032 2.357 0.922
BCr, kg 0.013 2.492 0.955

Other industrial species
V, m3 0.00027 2.381 0.983
BCr, kg 0.005 2.696 0.933

Note: These parameters were provided based on the findings by previous studies (Kabiri 
Koupaei 2009).

The allometric equation (1) is present-
ed below: 
	 10

bY b X= ⋅ ,	  (1)
where: Y is dependent variable, b0 and 
b1 are coefficients, and X is independent 
variable.

The quantity of carbon stored in the 
biomass is determined based on the 
dry weight of the biomass (Parsa-Pa-
jouh 1995). In forest trees, 50  % of the 
dry weight of the mass is assumed to be 
equal to the weight of stored carbon (Tyr-
rell et al. 2009). First, the dry weight of the 
biomass was obtained through volume 
and volumetric biomass. The dry weight 
of the biomass for the ground cover of for-
est trees includes the crown of forest trees 
and the trunk of forest trees.

The trunk weight of the mass trees in 
various diameter classes was obtained by 
using the volume and volumetric mass of 
the identified species. The canopy mass 
of forest trees (kg) was also calculated 
using the number of trees and allometric 
equations. The weight of the mass trees 
was obtained by adding the mass of the 
trunks and crown of the trees (kg∙ha-1). 
Subsequently, the amount of calculated 
carbon is divided by 1000 to calculate the 
amount of carbon (t·ha-1).

Prediction of carbon model for various 
tree species

Carbon model for each species is obtained 
using equation (2) (Kabiri Koupaei 2009). 
The amount of stored carbon (t∙ha-1) de-
pends on the volume of various diameter 
classes (cm).

	
1

,t
DW qcQC V
V DW

= ⋅ ⋅ 	 (2)

where: QC is total quantity of carbon 
stored in the stands per hectare (t∙ha-1), 
DW is quantity dry of weight of tree trunks 
per m3 (t∙m-3), V1 is one m3 of wood vol-
ume, and Vt is total volume of stands per 
hectare (m3∙ha-1).

Wood density (WD, t∙m-3) is calculated 
by dividing the trunk weight (ton wood) per
the volume of wood (one m3). qc

DW
 is the

 
ratio of quantity of carbon (qc) per quantity 
of dry weight of trees trunks (DW) = 0.5. 
Then, the carbon model is determined by 
using equation (3) for various species of 
trees in stands.

	 QC = WD∙0.5∙V.	 (3)
The relationship between stored car-

bon and volume per hectare was deter-
mined for various species by equation (4).
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	 Y = a(i)X,	 (4)
where: Y (t·ha-1) is related to the volume 
of various diameter classes, a(i) rep-
resents the quantity of wood density, and  
X (m3) = 0.5.

The value of sequestrated carbon in 
stumpage or aboveground (Vcs) is calcu-
lated by equation (5) (Mohammadi et al. 
2017).
	 ,cs cV P v= ⋅  	 (5)

where: Pc is carbon price per  ton (Iranian 
Rials or IRR) and v  is average volume in 
compartment (m3∙ha-1).

Estimating the net present value  
for carbon sequestration

The amount of carbon emitted from the 
stump is calculated based on net present 
value (NPV) of the shelf life or stable flow 
of the same cash flows at any time. For 
estimating carbon sequestration per year, 
the annual base volume growth for each 
species was calculated by diameter incre-
ment data and tariff. Annual stored carbon 
is calculated using equation (6) (Moham-
madi et al. 2017):

	 ,t
a

c gC
v
⋅

= 	  (6)

where: Ca is annual stored carbon per 
growth (t·ha-1), ct is total stored car-
bon (t·ha-1), g is annual volume growth 
(m3·ha-1).

To determine the annual volume 
growth in stand, the growth data of pre-
vious research by Bonyad (2005) and the 
volume data per hectare of the forestry 
plan booklet of the region (Shafarood for-
estry plan booklet 2011) were used. Then, 
according to the logarithmic functions be-
tween the growth and the volume of differ-
ent species, the amount of annual volume 
growth was determined.

The net present value for carbon se-

questration or NPVc (10,000 IRR·ha-1) is 
calculated using equation (7):

	
,a c

c
C PNPV

i
⋅

=  	 (7)

where: Pc is carbon price per ton (IRR·t-1) 
and i is real rate of interest.

The real interest rate is calculated from 
the average between the deposit interest 
rate and the interest rate of loan after 
subtracting the inflation. Numerical data 
of nominal interest rate and inflation rate 
was collected from the Central Bank of 
Iran during 2017–2019 (Central Bank of 
Iran 2019).

Estimate of CO2 emission

No appropriate data was available on CO2 
emissions from logging in the Hyrcanian 
forests of Iran. Consequently, the quanti-
ty of CO2 emissions was estimated during 
the logging operation using chainsaw in 
various forest management plans. Dias 
et al. (2007) calculated the average CO2 
emission in operation during the logging 
by means of chainsaw including cutting 
and processing (felling, limbing, bucking 
and debarking), extraction and loading 
logs onto trucks in Portugal for eucalypt 
and maritime pine stands. Their results 
showed that the average CO2 emission 
in operation was 0.0044 t∙m3. As a result, 
wood production in various forest man-
agement units was multiplied to 0.0044  t 
and the quantity of carbon emission was 
estimated. It is important to note that the 
Hyrcanian temperate forests with mixed 
hardwood species are completely different 
from eucalypt and pine stands in Portugal, 
but the similarity of forest logging using 
chainsaw in both regions was the major 
reason for using the results of Dias et al. 
(2007) as a reference for estimating the 
CO2 emission in the present study.
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Analysis of Variance 

One way Analysis of Variance (ANOVA) 
performed using Excel software to inves-
tigate, whether a significance differences 
exists among the average carbon seques-
tration in different diameter classes for 
five tree species in this study.

Carbon model

Carbon coefficients were determined by 
dividing the amount of carbon for each 
tree to the volume of that tree species and 
used as the coefficient of variables in the 

equation of stored carbon in the forest 
aboveground. Using these coefficients, 
the stored carbon equation was deter-
mined using equation (3) and then the 
amount of aboveground carbon was de-
termined using equation (4). This amount 
was 102.87 t∙ha-1.

Carbon models of beech, hornbeam, 
alder, oak, and others in the study region 
are shown in Table 2. According to the 
Table 2, because the density of wood is 
different among the species, the X coef-
ficients in various carbon models change 
from 0.29 to 0.35.

Table 2. Numerical values of various variables used in the estimation  
of carbon model in study area.

Species QC, 
t·ha-1

DW,
t·m-3·ha-1

V,
m3·ha-1

WD,
t·m-3 Carbon model

Beech 57.86 115.72 172.72 0.67 Y=0.335X+0.0000004
Hornbeam 27.54 55.07 78.66 0.7 Y=0.3501X+0.000008

Alder 0.93 1.86 3.21 0.58 Y=0.29X+0.000004
Oak 12.08 24.15 37.71 0.64 Y=0.32X+0.0003

Other industrial 
species 4.46 8.91 14.32 0.62 Y=0.3107X+0.0002

Statistical analysis

Results of ANOVA between the average 
carbon sequestrations in various species 
at different diameter classes is shown in 

Table 3. Results indicated that there is a 
significant difference at significance level 
of 0.01 in the average carbon sequestra-
tion among all species in different diame-
ter classes.

Table 3. Results of ANOVA between the average carbon sequestrations among various 
tree species in different diameter classes.

Source of variation SS df MS F p-value Fcrit

Between groups 85.74 5 17.15 38.6667 2.71226E-26 2.27
Within groups 74.50 168 0.44
Total 160.21 173

The value of aboveground carbon 
sequestration
To calculate the aboveground stored car-
bon in Shafarood forests, the average 
world price per ton of carbon was used. 
The price of carbon per ton equals to 

27.02 USD (World Bank 2020). Depend-
ing on the exchange rate in the free mar-
ket, this is equivalent to 6,923,064.4 IRR. 
As a result, the value of carbon seques-
tration in stumpage using equation (5) 
is 2779.55  USD equal to 71,217.63 
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(10,000 IRR∙ha-1).
The annual volume growth is 

3.37 m3∙ha-1. Therefore, the annual stored 
carbon per growth was determined by 
equation (6) and it was 1.14 t∙ha-1. Moreo-
ver, the NPV of carbon sequestration was 
calculated using equation (7). The real 
interest rate was 6.23 %. The results in-
dicated that the NPV of carbon sequestra-
tion was 494.43 USD or equal 12,668.28 
(10,000 IRR∙ha-1∙yr-1).

The amount of wood harvested is 
2.45  m3∙ha-1. Hence, the ratio of carbon 
sequestration will be 0.83  t∙ha-1 by using 
equation (6). The NPV of carbon seques-
tration was 359.98 USD or equal 9215.488 
(10,000 IRR∙ha-1∙yr-1) by using equation (7).

Estimation of CO2 emission

The amount of carbon emission estimat-
ed by Dias et al. (2007) was equivalent to 
0.0044 t∙m3, the carbon emission rate was 
0.01078 t∙ha-1 per year. The carbon emis-
sion was 4.72  t in this entire study area 
per year (the harvesting site is 437.5 ha). 
The quantity of CO2 emissions in this study 
for various species during logging opera-
tion was estimated. Results indicated that 
CO2 emissions for beech, alder, horn-
beam, oak and the other species were 
0.0061, 0.0028, 0.00011, 0.0013, and  
0.0005 t∙ha-1 CO2 per year, respectively.

Discussion

The results indicated that the amount of 
volumetric growth and carbon seques-
tration in this area is 3.37  m3∙ha-1 and 
1.14 t∙ha-1 per year. The forest ecosystem 
is composed of several elements, each of 
which is involved in carbon sequestration. 
Technically, the amount of carbon seques-
tration is only based on the growth of the 

volume of trees in the aforementioned 
mass, which is in terms of the current sit-
uation, not the potential, and at the same 
time, the shrubs have not been calcu-
lated. The amount of volumetric growth 
and carbon sequestration in the study of 
Mohammadi et al. (2017) in Asalem for-
ests of northern Iran were 6.023  m3∙ha-1 
and 2.307 t∙ha-1. The volume per hectare 
and density of trees may be the reason of 
disproportionate distribution and chang-
es in biomass and carbon sequestration 
in these forests. The average volume per 
hectare in study area by Mohammadi et 
al. (2017) was 453.28 m3∙ha-1 and in this 
study area is 303.96 m3∙ha-1.

Various forests can offer similar servic-
es, although the value of them may be de-
pendent upon the species. The quantity of 
CO2 stored per hectare of forested land is 
dependent upon local climate, species se-
lection, distribution of age, hydrology, soil 
type, stocking density and management 
regime (Lopes and Cunha-e-Sá 2014).

In this study the amount of forest bio-
mass carbon sink of 102.87 t∙ha-1 per year 
worth about 71,217.63 (10,000 IRR∙ha-1). 
Nabavi and Behjoo (2012) calculated the 
total stored carbon in the leaves, branch-
es, crown and trunk of trees in Shafa-
rood forest by string methods and volume 
growth and its economical value was cal-
culated as it was 5,601,545 IRR∙ha-1∙yr-1. 
Apparently, the diversity among species 
and case study has resulted the difference 
in economic value per hectare. In present 
study, the types of species were beech, 
alder, hornbeam, oak and others. Fur-
thermore, we estimated crown and trunk 
weight, while Nabavi and Behjoo (2012) 
calculated total carbon stored in leaves, 
branches, crown and trunk of trees. There-
fore, forest management methods affects 
the quantity of carbon stored in soils, bio-
mass and forest products, and the amount 
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of emissions into the atmosphere (Unit-
ed Nations Economic and Social Council 
2014). Moreover, it provides several job 
opportunities in the area, as well as social, 
economical, environmental and health 
benefits. Hence, it can be considered as 
an economic income source for sustain-
able forest management to increase the 
participation of the local community on 
climate change mitigation and biodiversity 
protection, and to produce wood biomass 
(Nejadi and Rahbar 2012, Mohammadi et 
al. 2017).

Allometric models used in this paper 
for quantifying biomass carbon will signif-
icantly improve capacity to directly esti-
mate the aboveground carbon sequestra-
tion at the Shafarood forest in the north 
of Iran. The species investigated in this 
study are very important for economically, 
environmentally and social aspects in the 
region. The estimated carbon stored mod-
els in this study can be applied for carbon 
balance. These results are consistent with 
results of Vaidya et al. (2017). Their find-
ings show that different generalized allo-
metric equations were developed to esti-
mate biomass carbon. Under future UN-
FCCC commitment periods, each country 
will have to provide detailed statements 
on its overall carbon budget.

Aabeyir et al. (2020) developed allo-
metric models for assessing modelling 
aboveground biomass in Ghana’s sa-
vannah forests. Their study showed that 
wood density and DBH were the major 
predictors that had a significant effect on 
the variability of aboveground biomass 
modelling. Thus, the allometric model of 
their research provide an appropriate lo-
cal allometric tool filling an important gap 
in estimating of aboveground biomass 
modelling for Ghana’s tropical forests 
(Aabeyir et al. 2020).

In the present study, the results of allo-

metric relations showed a high significant 
correlation coefficient. This slight interspe-
cific difference in the allometric relation-
ships of the stem and total biomass with 
DBH may be obtained from the similarity 
of wood density among Shafarood forest 
trees as it is 0.6–0.7  t∙m3. Kenzo et al. 
(2009) demonstrated that secondary-for-
est trees have a less density of wood (0.2 
to 0.5 t∙m3) in comparison with trees from 
the tropical rain-forest in late succession, 
which extend from 0.2 to 0.8  t∙m3 within 
the tropical rain timberlands of South-East 
Asia (Whitmore 1990, Suzuki 1999). In 
reality, the particular gravity of tree spe-
cies under our consideration has changed 
inside a little run from 0.29 to 0.53  t∙m3. 
Moreover, Hashimoto et al. (2004) have 
explained the details of similar allometric 
relations among their tropical second-
ary-forest trees, which was also similar in 
wood density, in South-East Asia. Aabeyir 
et al. (2020) also have similar allometric 
relationships in Ghana’s tropical forests, 
West Africa. The density of wood in their 
study was between 0.5–0.89 t∙m3.

By comparing carbon sequestration 
by forests with its artificial methods, we 
can mention, refining carbon with artificial 
methods such as filters involves heavy 
costs. Therefore, in order to reduce the 
atmospheric carbon dioxide and balance 
the content of greenhouse gases, the at-
mospheric carbon must be absorbed and 
deposited in various forms. Carbon se-
questration in plant biomass and soils un-
der this biomass is the simplest and most 
economically viable solution to reduce the 
atmospheric carbon dioxide (Nelson et 
al. 1999). Refining carbon with synthetic 
methods, such as filters, is costly, at around  
600  $∙t-1 in the United States (Service 
2018).

Therefore, if this carbon was to be re-
fined artificially, it would cost $ 61,722 or 
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1,581,441.084 (10,000 IRR∙ha-1) per hec-
tare (considering the average of $ 600 per 
ton of carbon and 256,220 IRR per dollar 
in 2021). Hence, the damage caused by 
harvesting of these species in the Hyrca-
nian forests in terms of carbon sequestra-
tion is significant.

The ANOVA test used to determine if 
the means of carbon sequestrations for 
various tree species in different diame-
ter classes are significantly different from 
each other. Results indicated that there 
is a significant difference at the average 
of carbon sequestrations in various tree 
species at different diameter classes at 
the significance level of 0.05 (tables 1 to 
3). Hence, the results of this research is in 
line with finding of Färe et al. (1989) that 
failure to credit plants for reducing pollu-
tion may seriously distort the classification 
of plant performance.

Based on the findings of this study, the 
amount of CO2 emissions in the logging 
operation was 0.01078 t∙ha-1 per year and 
carbon sequestration quantity was about 
0.083  t∙ha-1. Comparing the amount of 
emissions and carbon sequestration per 
hectare of forest, it can be mentioned that 
the amount of CO2 emissions in logging 
operations is lower than carbon emissions 
from other activities in the forest such as 
transportation operations, wood process-
ing, uncontrolled logging and unsuper-
vised selective wood cutting (Pearson et 
al. 2014). The volume of harvested wood 
in this study is equivalent to 2.45 m3∙ha-1 
with a carbon sequestration of 0.83 t∙ha-1. 
Hence, by harvesting this amount of wood, 
its deposition function is eliminated in the 
atmosphere. Furthermore, the machine 
activities for cutting 2.45 m3∙ha-1 cause the 
emission of 0.01078 t∙ha-1 excess CO2. Al-
though the fact that the amount of carbon 
emission by the machines is low, but be-
cause of being seen it is necessary to be 

mentioned. 
The economic value of 2.45 m3 of wood 

is equal to 860 USD based on USD to IRR 
exchange rate in the market in 2020 and 
the economic value of its carbon seques-
tration is 359.98  USD. This is the only 
value of the tree’s aboveground carbon 
sequestration, which accounts for 30  % 
of total, and the rest of it (70 %) such as 
belowground, soil and dead organic mat-
ter are not estimated in this study (Pache 
et al. 2021). Carbon sequestration is only 
one of the tree services whose value has 
been estimated in this study and the val-
ue of other tree services have not been 
considered such as soil conservation, wa-
ter storage and recreational values, etc. 
Hence, the suggestion is to determine the 
value of other services also in Hyrcanian 
forests and determine optimal forest pol-
icy based on environmental, economic 
and social values.

Conclusion

Estimating the monetary value of carbon 
sequestration as an important forest ser-
vice is a very important issue. Despite 
the various studies on economics values 
of carbon sequestration, it is still required 
more investigation as this value is high-
ly related to geographical locations and 
species diversity of forests. In addition, 
market prices are not reflecting the values 
of forest ecosystem services. However, a 
large number of decisions from the public 
and private sectors are made in response 
to market information, non-quantified car-
bon sequestration value could result in 
poorly informed decisions on forest man-
agement. Overall, the amount of carbon 
storage in forests is declining due to forest 
degradation and loss in Hyrcanian forests 
of Iran. The results of this study may serve 
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as a guideline for policy makers for sus-
tainable forest management considering 
carbon dynamic.
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