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Abstract
Climate change is taking place at a horrifying rate due to the increasing concentration of CO2
in the atmosphere. REDD+ has been considered as a low-cost approach to reducing
atmospheric carbon. A study on measurements of tree carbon through a participatory
approach was conducted in Komolchari Village Common Forest (VCF) of Khagrachari
under the Chittagong Hill Tracts to examine the contribution of local participants in the
measurement of tree carbon. From the study, it was estimated that total tree biomass density
measured by the forestry experts and the local participants were 147.40±31.26
tha-1and
-1
135.95±27.54 tha , respectively, where total carbon density for trees was 73.70±15.63 tha1
and 67.98±13.77 tha-1, respectively. Furthermore, in the case of saplings, the estimated total
biomass density measured by the forestry experts and the local participants were 33.63±3.50
tha-1 and 32.41±3.09 tha-1, respectively, where estimated total carbon density for saplings
was 16.82±1.75 tha-1and 16.21±1.55 tha-1, respectively. From all of the findings, it was
observed that a participatory approach was successfully conducted in the study area to
collect data on the measurement of tree carbon. The study will help bring the profit in the
carbon trade by reducing transaction costs in the case of collecting data on tree carbon
measurement. The findings of the study can be useful for REDD+ implementation in
Bangladesh.
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evqygÛ‡j e„w×cÖvß Kve©b WvBA·vBW Gi Kvi‡b Rjevqy cwieZ©b `ªæZMwZ‡Z n‡”Q| evqygÛ‡ji Kve©b
Kgv‡bvi Rb¨ †iW+ GKwU Kg Li‡Pi e¨e¯’v wn‡m‡e cwiMwYZ n‡q‡Q| Mv‡Qi Kve©b cwigv‡ci †ÿ‡Î ¯’vbxq
AskMÖnYKvix‡`i Ae`vb Rvbvi Rb¨ cve©Z¨ PÆMÖv‡gi LvMovQwo †Rjvi KgjQwo †gŠRve‡b AskMÖnYg~jK
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e¨e¯’vi gva¨‡g Mv‡Qi Kve©b cwigv‡ci GKwU M‡elYv cwiPvjbv Kiv nq| M‡elYvq †`Lv †M‡Q, ebwe`¨vq
cvi`kx© Ges ¯’vbxq AskMÖnYKvixiv Mv‡Qi †gvU ev‡qvgvm NbZ¡ †c‡q‡Q h_vµ‡g 147.40±31.26 Ub cÖwZ
†n±‡i Ges 135.95±27.54 Ub cÖwZ †n±‡i, Ges Mv‡Qi †gvU Kve©b NbZ¡ h_vµ‡g 73.70±15.63 Ub
cÖwZ †n±‡i Ges 67.98±13.77 Ub cÖwZ †n±‡i| AwaKš‘, m¨vwcøs (†QvU MvQ) Gi †ÿ‡Î ebwe`¨vq cvi`k©x
Ges ¯’vbxq AskMÖnYKvixiv †gvU ev‡qvgvm NbZ¡ †c‡q‡Q h_vµ‡g 33.63±3.50 Ub cÖwZ †n±‡i Ges
32.41±3.09 Ub cÖwZ †n±‡i, Ges †gvU Kve©b †c‡q‡Q h_vµ‡g 16.82±1.75 Ub cÖwZ †n±‡i Ges
16.21±1.55 Ub cÖwZ †n±‡i| M‡elYvi djvdj †_‡K †`Lv hvq, AskMÖnYg~jK e¨e¯’v Mv‡Qi Kv©eb
cwigv‡ci WvUv msMÖ‡ni e¨vcv‡i mdjfv‡e KvR K‡i‡Q| GB M‡elYv Uªvb‡RKkvb-LiP Kwg‡q Kve©b
evwYR¨‡K jvfRbK Kivi e¨vcv‡i mn‡hvMxZv Ki‡e| GB M‡elYvi djvdj evsjv‡`‡k †iW+ Kvh©µg
ev¯Íevq‡bi †ÿ‡Î cÖ‡qvRbxq n‡e|

1. Introduction
Climate change, including negative impacts globally, is an alarming issue nowadays.
Global carbon emission is increasing day by day where deforestation and forest
degradation are the significant causes of this. An approach to reducing the impact of
climate change providing financial support to developing countries for reducing
forest land degradation, deforestation and emission of greenhouse gas through the
medium of carbon credits or maintaining markets for carbon has been provided by
the “Reducing Emissions from Deforestation and forest Degradation and supporting
the role of conservation, sustainable management of forests and enhancement of
forest carbon stocks (REDD+)” in developing countries [1].
REDD+ program provides scope to create markets for carbon through sustainable
forest management, which has essential potential in reducing greenhouse gas
emissions by promoting forest management, protecting forest stocks and preventing
forest fires [2]. In Tanzania, three REDD+ pilot programs were adopted to assess the
data by estimating various types of costs such as opportunity, implementation,
transaction costs of REDD+ to improve applicable framework to estimate the cost
elements of REDD+ [3]. Monitoring activities of biodiversity research organizations
and REDD+ together improve the monitoring capabilities, evaluation of information
in a national sphere, and enhance the ecological and socio-economic conditions of
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REDD+ [4]. In Nepal in 2009, a pilot project of REDD+ found that REDD+ project
can manage the sustainable forest management and take part in carbon sequestration
matter without imposing any effects on local livelihoods [2]. To run a verifiable
carbon benefit, a framework of REDD+ project should be implemented containing a
primary carbon inventory, a baseline and reference level, carbon monitoring in a
continuous process and evaluation program [5]. From nine pilot projects of REDD+
in Kigoma, Western Tanzania provided ahelping hand to a community for reducing
deforestation and degradation of forest, emission of carbon, protect and improve
biodiversity and other services of an ecosystem [6]. In Masindi district of Western
Uganda in 2009, a REDD+ pilot project was conducted to find out a baseline
including the socioeconomic conditions of households by comparing with follow-up
surveys which helped to identify the potentiality of REDD+ pilot project on poverty
reduction and sustainable development while the survey was done in several villages
surrounded by communally owned forest and Ongo community forest [7]. It is an
important topic to estimate carbon following a standard cost-effective way.
Furthermore, in 2011, a project was done under REDD+ based on a community of
Nepal for Nepal‟s Community Forest Management by Asia Network for Sustainable
Agriculture and Bioresources (ANSAB), International Centre for Integrated
Mountain Development (ICIMOD) and the Federation of Community Forest Users
Nepal (FECOFUN) [8]. REDD+ is now in the concentration of developing countries
for providing a source of international funding and at now, at least 65 countries are
eager to accept the REDD+ [9].
In terrestrial vegetation, forests play as a significant reservoir of carbon, containing
80% of all carbon stored, but when forest lands are degraded, the stored carbon is
released to the atmosphere [10]. Furthermore, in the case of regulating the
atmospheric concentration of CO2, diverse, and vital roles are played by forests [11].
In the case of storing atmospheric carbon, trees play an essential role while storing
rate depends on the age and growth rate of the forest. In Bangladesh, higher annual
carbon sequestration rates are noticed in plantation forests, while natural forests are
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maintaining higher long term capacities for carbon sequestration [12,13]. Forest
vegetation plays a prominent role in carbon sequestration in terrestrial ecosystems,
wherein the northern hemisphere, forest, maintains global carbon balance through
critical carbon sequestration [14]. Trees are considered as the most crucial carbon
sink and biomass source in the world, including various uses such as food, fuelwood,
domestic, and other industrial uses. Due to extreme disturbances in climate, forest
tree biomass is decreasing, and it is a matter of risk that if this occurrence is running
as a continuous rate, the forest biomass will ruin that will release more carbon to the
earth [15]. From 1990 to 2000, 9.3 million hectares of forest land was cleared per
year for which in the meantime, about 465 million ton carbon released to the
atmosphere [16]. Bangladesh was once densely forested, but this has been cleared for
timber, converted to agriculture or cut for firewood where in recent times, the speed
of deforestation has increased with forest cover shrinking from 18% in 1927 to a
more 6% today [17]. It has been estimated that the tree tissues store 190 tC/ha in the
forests of Bangladesh, indicating that per ha forests cover can demand remarkable
payment for carbon sequestration and with this capital may be developed in the
forestry sector in multipurpose aspects [13]. The presence of forests and trees
provide benefit to the community in many ways, such as adapting to climate change
impacts, maintaining natural resources, and improving sustainable development [18].
The participatory carbon measurement program is essential to reduce the transaction
cost related to expert involvement in the field of carbon sequestration. A
participatory carbon measurement practice in the indigenous communities in
Indonesia‟s Kutai Barat and Mahakam Ulu districts was conducted to enhance the
capability of local people in the field of estimating and monitoring the forests' carbon
by sorting out the members of the community has long-established knowledge on
forests including aims to develop technical capacities, accurate carbon inventories,
forest conservation and empower local communities, etc. [19].
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Many studies were conducted for measuring tree carbon [2, 10, 14, 16, 20-32], but
the measurement of tree carbon in a participatory approach cannot be noticed in
enough scale. Furthermore, it has been seen that no study was conducted on
participatory tree carbon measurement in Bangladesh yet. From the literature review,
it can be said that trees are the most critical carbon pool of forest [23, 25, 30-32]. So,
the objectives of the research were to estimate the tree carbon in the Komolchari
Village Common Forests (VCF) under Chittagong Hill Tracts (CHT) and to judge
the efficacy and appropriateness of the participatory carbon measurement in terms of
data collection. This study will enrich the knowledge pool of participatory carbon
measurement in Bangladesh.

2. Materials and Methods
The study was conducted in the wet mixed forests in the Khagrachari Sadar Upazila
of Khagrachari District under the CHT of Bangladesh. One VCF and the
corresponding selected members were studied for observing the baseline carbon
stock and building up the capacity of the local community members on carbon
measurement. The VCF was selected purposively as a medium growth natural forest.
Participatory delineation was the first-hand effort and human resource management,
i.e., team formation, orientation (Theoretical and practical), detail training of the
local community members was the second task of the research work. Participation in
permanent plot marking, data collection by the local trained crews, and professional
carbon inventory were the significant activities of the research work.
A total of 15 trainees were selected for the study purposively. With the discussion of
the Karbary (leader of the social organization), poorer households were selected
purposively. After selecting the participants and putting them under a training
scheme, the behavior of the participants towards the VCF was independently
monitored.
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2.1 Description of the study area
The study was conducted from March 2014 to August 2015 in Komolchari VCF
(locally called reserve) in Buarchari Mouza (Mouza no- 264) under Khagrachari
Sadar Upazila. The Komolchari VCF is of 128 hectares managed by the local ethnic
community as a co-management agent. The VCF is about 5 km away from the
village Komolchari.
A view reflecting the location of Komolchari VCF in Khagrachari district appears in
figure1.
The VCF was primarily considered for three strata based on the density of the trees.
The strata were dense, moderately dense, and spared. However, at the final data
collection, we did not consider the different strata because, based on the anticipated
three strata, there was no significant difference in tree density in the study area.
2.2. Sampling and data collection
From the VCF, a total of 57 permanent sample plots were studied. The plots were
selected randomly using the superimposed grids on the VCF map through the local
peoples‟ participation. The plots were circular in shape.
For measuring trees, plots of the 10m radius were demarcated (Figure 2). From the
same plot, a sub-plot of a 5m radius for saplings was demarcated. For a convenient
demarcation of the boundary of the plot, a nylon rope of 62.8m length for 10mradius and 31.4m length for 5m-radius plot were used. For measuring the radius of
the plots, 10m and 5m length nylon ropes were used. Abney level was used for
measuring the slope of the plot.

Participatory Tree Carbon Measurement in Komolchari Village Common Forests in Chittagong
Hill Tracts

7

Figure 1: Location of Komolchari Village Common Forest in Khagrachari district
under the Chittagong Hill Tracts.
The center of the plot was recorded as the global coordinates (latitude, longitude)
assisted by the Global Positioning System (GPS). For further monitoring of the same
plot, the coordinates of the center of the plots were put in the system of proximity
alarm of the GPS. Plots were distributed between the latitudes ranging from
23°05.006' to 23°05.988' and longitudes from 92°01.774' to 92°02.206'.
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Notes: AGTB=Aboveground Tree Biomass; AGSB=Aboveground Sapling Biomass; DBH= Diameter at Breast Height

Figure 2: Demarcation of circular plots for sampling in the Komolchari Village
Common Forests of Khagrachari under the Chittagong Hill Tracts.
The forestry professionals collected data on tree and sapling, and participants group
(5 persons consisted of one group) also collected data following the same way.
Professional records were enrolled by the experts from the Institute of Forestry and
Environmental Sciences, Chittagong University (IFESCU), who had standard
knowledge on forest inventory.
Bird-eye view of the study area indicating the waypoints of 57 permanent plots and
whole covered area by connecting the border waypoints is presented in the following
figure 3.
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Figure 3:The demarcated study area connecting the boundary waypoints indicating
all waypoints of permanent plots in Khagrachari under the Chittagong Hill Tracts.
2.3.
Collection of primary data
A structured data record sheet was formed to record data on diameter at breast height
(dbh) of tree and sapling. Diameter at breast height (dbh) ranged from 1 to 4.9 cm
and more than 5 cm determined as sapling and tree, respectively. Slide calipers and
measuring tapes were used to measure dbh of sapling and tree, respectively.
Measurement on dbh of tree and sapling was conducted by the forestry professionals
as well as local participants‟ groups for the same plot.
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2.4.
Data Analysis
All data were input in the MS Excel to analyze, and the allometric regression
equation was used for measuring the above-ground and below-ground biomass in the
trees. The carbon was measured based on the biomass-carbon conversion factor.
All trees with dbh (diameter at breast height) of more than 5 cm were individually
identified for the vegetation study. Diameter at breast height of the trees was
collected to use in the allometric equation of the aboveground biomass. As speciesspecific allometric equations were not available for this study, a general equation
only was used. The above-ground biomass density (ABD) of trees was estimated
using the allometric model described by Pearson et al. [33]:
Biomass, kg/tree =exp (-2.289+2.649*lndbh-0.021*lndbh2), where ln is the natural
logarithm.
The belowground biomass density (BBD) was found using the following allometric
equation described by Pearson et al. [33]:
BBD= exp(-1.0587+0.8836*lnABD) where ln is the natural logarithm.
The biomass was then converted to carbon stock using the factor 0.5 for estimating
both aboveground carbon density (ACD) and belowground carbon density (BCD)
[33].
2.5.
Data comparison
After estimating the available tree carbon by using data collected by the local
participants' group and the forestry professionals, a comparison by the „t‟ test among
the results was conducted. Results of the t-test are based on two-sided tests assuming
equal variances with significance level. Tests were adjusted for all pair-wise
comparisons within a row of each innermost sub-table using the Bonferroni
correction.
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3. Results and Discussion
3.1. General information about the richness of trees and saplings
Diameter at breast height (dbh) of 2755 trees was recorded. It was estimated that
mean dbh (cm) in the study area was 9.32±0.09. Here, the mode of the dbh of the
tree was 6 cm, and the median was 7.67 cm, with the ranges from 5 to 46cm. It was
found that about 76% of trees had a dbh between 5 to 9.9 cm, which was the
dominant one comparing the others. On the other hand, few numbers of trees were
found, having a dbh range of 25+ cm (about 2%). Furthermore, almost 18%, 6%, and
3% of trees contained the dbh from 10 to 14.9 cm, 15 to 19.9 cm, and 20 to 24.9 cm,
respectively.
Diameter at breast height (dbh) of 5285 saplings was recorded. It was estimated that
the mean dbh (cm) of the saplings in the study area was 2.47±0.02. Here, the mode
of the dbh was 1.2 cm, and the median was 2.30 cm, with the ranges from 1 to 4.9
cm. It was found that Macher chokh bichi (Bridelia sp.) had the highest percentage
distribution among all the species. Furthermore, Sanisil (Mitragyna sp.) and Kanak
(Schima wallichi) were the second and third stages in the case of percentage
distribution among all the sapling species.
Among the tree and sapling species in the study area, Amilik (Emblica officinalis)
was the most dominant species in number (1475) where Burogach (Macaranga
denticulata) was the second most dominant species in number (464) where Macher
chokh Bichi (Bridelia sp.) (445) was the third most dominant. Suguijja pata (Litsea
sp.), Mon buro (Pterospermum acerifolium), Khonagula (Oroxylum indicum),
Fulkumari (Hymenodictyon orixensis), Chickrashi (Chikrassia tabularis) were less in
number (1) among all the recorded dbh of species. Furthermore, Asar (Grewia
nervosa), Hoja (Celastrus robustus), Jam (Syzygiam sp.), Jata Boroi (Anogeisus
acuminata), Kanak (Schima wallichi), Moner moto gach (Actinodephne
angustifolia), Narissa (Trema orientalis), Nuinna bichi (Macranga indica) and
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Sanisil (Mitragyna sp.) were foundas 114, 103, 125, 117, 160, 129, 150, 112 and 213
in number, respectively.
A total of 74 species of trees were identified in the study area. In Idgaon Reserve of
the Cox‟s Bazar North forest division, 66 tree species were recorded [34]. In the
degraded natural forest land of the Chittagong South Forest Division, a total of 21
trees species were recorded [35]. In a study in Chunati Wildlife Sanctuary of
Chittagong, 99 tree species were recorded [36]. So it can be said that the tree species
richness in the Komolchari VCF is quite high.
3.2. Biomass in trees
The aboveground biomass density in trees was 123.777±26.746 tha-1, and
belowground biomass density was 23.620±4.511 tha-1, and the total biomass density
was 147.40±31.26 tha-1from the data collected by forestry experts group (Table 1).
Again, in the measurement of local participants, it shows that aboveground biomass
density, average belowground biomass density, and average total biomass density in
trees was 113.95±23.51 tha-1, 22.01±4.03 tha-1and 135.95±27.54 tha-1, respectively.
Table 1. Biomass of trees in Komolchari Village Common Forest in Khagrachari
under the Chittagong Hill Tracts.
Parameters
Measuring group
Forestry experts
Local participants
-1
(tha )
(tha-1)
Aboveground
biomass 123.78±26.75*
113.95±23.51
density
Belowground
biomass 23.62±4.51
22.01±4.03
density
Total biomass density
147.40±31.26
135.95±27.54
*Standard Error of Mean
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In figure 4, the horizontal straight line in the boxes represents the total biomass
density of trees, which was obtained from forestry experts and local participants as
well. The line for both of the groups remains inside the box, indicating the
measurements by forestry experts and local participants are almost the same.

Figure 4: Data distribution of the total biomass density (tha-1) of trees in the
Komolchari Village Common Forest in Khagrachari under the Chittagong Hill
Tracts.
The representing line of total biomass density data in the graph over forestry experts
and local participants groups shows no significant dispersion evident by the paired ttest. The results from the study revealed that the aboveground biomass density of
trees from the measurement of forestry experts and local participants were
123.78±26.75 tha-1and 113.95±23.51 tha-1, respectively. On the other hand,
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belowground biomass density of trees for forestry experts and local participants were
23.62±4.51 tha-1 and 22.01±4.03 tha-1, respectively (Table 1). Shin et al. [37] found
that the aboveground biomass of the 13 tree species of ages from 6 to 23 years were
155.50±9.08 tha-1 and 23.32±1.36 tha-1, respectively, in the plantation forests in
Chittagong areas of Bangladesh. The aboveground biomass of the present study is
lower than the study of Shin et al. [37]. The present study considers the naturally
grown trees in theKomolchari VCF in the Chittagong Hill Tracts. The species found
in the present VCF are not fast-growing as the species found in the plantation of the
Chittagong area [37-39]. For this reason, the aboveground biomass is lower in
quantity than that of the plantation forests in Chittagong. A study in the USA shows
that in the softwood forest, the range of aboveground biomass was 2.5-10 tha-1 [21],
and another study in India depicts that the aboveground and belowground biomass
for 95 farmlands was 0.02±0.01 tha-1and 0.01 tha-1 [40]. Again in the case of total
biomass density from the measurement of forestry experts and local participants
were 147.40±31.26 tha-1and 135.95±27.54 tha-1, respectively, in the Komolchari
VCF. From a study, it was found that the range of biomass in Beijing was from 1.90
tha-1 to 54.74 tha-1 (Yu et al. 2011b). From another study of all closed forests in
Asia, the average biomass was 328 tha-1 while ranging from 160-538 tha-1 and for all
open forest was 80 tha-1 while ranging 40-140 tha-1 [41]. From this discussion, it can
be said that the concentration (tha-1) of aboveground biomass density, belowground
biomass density, and total biomass density of Komolchari VCF present theright
stock level. Baten et al. [38] confirmed that the VCF in Rangamati and Bandarban
district is more affluent in the biodiversity of tree species than that of the government
forest. They also affirmed that the traditional knowledge of the ethnic people tends to
maintain the balance between forest produce extraction and its conservation. The
crucial role of the VCF to fulfill the demands of the forest produces of the ethnic
communities in the Chittagong Hill Tracts of Bangladesh is also articulated by
Jashimuddin and Inoue [39]. Indigenous knowledge towards sustainable forest
management is the critical factor to the better tree species diversity in the VCF is
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evident by the studies of Baten et al. [38], Jashimuddin and Inoue [39] and Islam et
al. [42].
3.3.
Biomass in sapling
The average aboveground, belowground, and total biomass density in saplings were
27.26±2.90 tha-1,6.37±0.60 tha-1, and 33.63±3.50, respectively, from the data
collected by the forestry experts group (Table 2). Again, the measurement of local
participants shows that average aboveground, belowground, and total biomass
density in saplings were 26.24±2.562 tha-1, 6.170±.53 tha-1,and 32.41±3.09 tha-1,
respectively.
Table 2. Biomass of saplings in Komolchari Village Common Forest in Khagrachari
under the Chittagong Hill Tracts.
Parameters

Aboveground biomass density
Belowground biomass density
Total biomass density

Measuring group
Forestry experts
Local participants
-1
(tha )
(tha-1)
27.26±2.90*
26.24±2.56
6.37±0.60
6.17±.53
33.63±3.50
32.41±3.09

*Standard Error of Mean

In figure5, the horizontal straight line in the boxes represents the total biomass
density of saplings, which was obtained from forestry experts and local participants
as well. The line for both of the groups remains inside the box, indicating the
measurements by forestry experts and local participants are almost the same.
The representing line of total biomass density data in the graph over forestry experts
and local participants groups shows no significant dispersion evident by the paired ttest.
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The total estimated biomass density of the Komolchari VCF from a measurement of
forestry experts and local participants was 33.631±3.497 tha-1 and 32.410±3.094
tha-1, respectively. In a study in Beijing shows that the average biomass in forest
vegetation of Beijing is 26.66 tha-1 [14]. It can be said that from the above-given
study, Komolchari VCF contains an excellent density of biomass.

Figure 5: Data distribution of the total biomass density (tha-1) of saplings in the Komolchari
Village Common Forest in Khagrachariunder the Chittagong Hill Tracts.

3.4.
Carbon in trees
The study found that the aboveground, belowground, and total carbon density in
trees were 61.89±13.37 tha-1, 11.81±2.26 tha-1,and 73.70±15.63 tha-1, respectively,
from the data collected by forestry experts (Table 3). On the other hand, the results
from the data collected by the local participants showed that the aboveground,
belowground, and total carbon density in trees were 56.97±11.76 tha-1, 11.01±2.01
tha-1and 67.98±13.77 tha-1, respectively. There was no significant (p<0.05)
difference between the carbon amount measured by the forestry experts and the local
participants.
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Table 3. Carbon of trees in the Komolchari Village Common Forest in Khagrachari
under the Chittagong Hill Tracts.
Parameters
Measuring group
Forestry experts
Local participants
-1
(tha )
(tha-1)
Aboveground
carbon 61.89±13.37*
56.97±11.76
density
Belowground
carbon 11.81±2.26
11.01±2.01
density
Total carbon density
73.70±15.63
67.98±13.77
*Standard Error of Mean

In figure 6, the horizontal straight line in the boxes represents the total carbon
density of trees which was obtained from forestry experts and local participants as

Figure 6: Data distribution of the total carbon density (tha-1) of trees in the Komolchari
Village Common Forest in Khagrachari under the Chittagong Hill Tracts.
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well. The line for both of the groups remains inside the box indicating the
measurements by forestry experts and local participants are almost the same.
The representing line of total carbon density in the graph over forestry experts and
local participants groups shows no significant dispersion. It has also been evident by
the paired t-test.
It is revealed from the study that the total carbon density of trees for forestry experts
and local participants were 73.699±15.626 tha-1 and 67.975±13.768 tha-1,
respectively. From a study, it is found that the forests of Bangladesh can sequestrate
92 tha-1 on average [13]. Furthermore, in another study in Kashmir Himalaya, India
shows that the tree carbon stocks ranged from 45.4 to 135.6 tha-1 [43]. Again in a
study in India depicts that, carbon density for managed forests was 42 tha-1 [23]. The
analysis indicates that the amount of total carbon in trees in Komolchari VCF shows
a higher growing stock in comparison to the other available studies.
3.5. Carbon in saplings
The average aboveground, belowground, and total carbon density in saplings of
Komolchari VCF were 13.63±1.45 tha-1, 3.19±0.30 tha-1, and 16.82±1.75 tha-1,
respectively, from the data collected by forestry experts (Table 4). Those were
13.12±1.28 tha-1, 3.09±0.27 tha-1and 16.21±1.55 tha-1, from the data collected by
local participants. There was no significant difference between the carbon amount
measured by the forestry experts and the local participants.
In figure 7, the horizontal straight line in the boxes represents the total carbon
density of saplings, which was obtained from forestry experts and local participants
as well. The line for both of the groups remains inside the box indicating the
measurements by forestry experts and local participants are almost the same.
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Table 4. Carbon of saplings in the Komolchari Village Common Forest in
Khagrachari under Chittagong Hill Tracts.
Parameters
Measuring group
Forestry experts
Local participants
-1
(tha )
(tha-1)
Aboveground carbon density
13.63±1.45*
13.12±1.28
Belowground carbon density
3.19±0.30
3.09±0.27
Total carbon density
16.82±1.75
16.21±1.56
*Standard Error of Mean

Figure 7: Data distribution of the total carbon density (tha-1) of saplings in the Komolchari
Village Common Forest in Khagrachari under the Chittagong Hill Tracts.
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The representing line of total carbon density of saplings in the graph over forestry
experts and local participants groups shows no significant dispersion. It has also been
evident by the paired t-test.
From the study, it was revealed that the total carbon density of saplings measured by
the forestry experts and the local participants were 16.82±1.75 tha-1 and 16.21±1.55
tha-1, respectively. A study conducted in Beijing shows that the average carbon
sequestration rate is 3.94 tha-1 [14]. So, it can be said thatthe total carbon density of
saplings in the Komolchari VCF is presented at a reasonable level.

4. Conclusion
The study confirms that the tree carbon measurement through a participatory
approach in Komolchari village common forest was successfully conducted. The
findings of the study highlight the mechanism to reduce the transaction cost to
collect the data on tree carbon measurement. The estimated value of total biomass
density of trees measured by the forestry experts and the local participants
was147.40 tha-1 and 135.95 tha-1, respectively, where total carbon density for trees
measured by the forestry experts and the local participants were 73.70 tha-1 and 67.98
tha-1, respectively. Furthermore, in the case of saplings, the estimated total biomass
density measured by the forestry experts and the local participants was 33.63 tha-1
and 32.41 tha-1, respectively, where estimated total carbon density measured by the
forestry experts and the local participants were 16.82 tha-1 and 16.21 tha-1,
respectively. All of the findings revealed that Komolchari village common forest had
a good stock of tree biomass and carbon. It will be cheaper to estimate the carbon
through a participatory approach, which has a potential scope to maintain a carbon
market through REDD+. This first attempt of participatory tree carbon measurement
in the natural forests in Bangladesh will enrich the knowledge pool of tree carbon
measurement. It will complement the act of National Forest Monitoring System
(NFMS) and Measurement, Reporting and Verification (MRV) of the REDD+
requirements in Bangladesh.
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