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Abstract
Forest ecosystems capture and store a large 
amount of carbon over long stretches of 
time. International financial incentive such 
as UN REDD+ to mitigate climate change 
needs adequate records on the net carbon 
stocks available in the forests. To estimate 
the potential carbon stocks in the temperate 
mixed coniferous forests of Bhutan, a study 
was conducted in Siptangzur and Shambayung 
Community Forests (CF), the oldest CFs in 
Bumthang Dzongkhag. The total aboveground 
biomass of trees was estimated using an 
allometric equation based on trunk diameter 
developed by the Department of Forest and 
Park Services (DoFPS). Biomass estimate was 
converted to forest carbon stock. The study 
was conducted in the forests dominated by 
blue pine and spruce. 60% of the trees had 
diameters of less than 20cm, suggesting a high 

potential of increasing biomass over time. The 
above ground biomass for Siptangzur and 
Shambayung CFs based on sample area was 
67.74 t ha-1 and 205.28 t ha-1 respectively.  

The total carbon stock at Siptangzur and 
Shambayung was 4619.49 ton and 6650.29 
ton respectively. The results show high carbon 
stocks and future increase of biomass available 
for carbon sequestration. 
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Introduction
Global climate change and global warming are 
the most pressing issues in the world today. 

Siptangzur Community Forest, Bumthang
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They are mostly attributed to the increasing 
level of carbon compounds in the atmosphere. 
The concentration of carbon in the atmosphere 
post-industrial revolution increased rapidly, 
reaching 380 parts per million (ppm) in 2005 
(Banskota et al., 2007). The CO2 level continues 
to grow at an upward trend, reaching 402.9 
ppm in 2016 (Lindsey, 2017). 

From 1750 to 2011, CO2 emissions from fossil 
fuel combustion and cement production have 
released an estimated 365 (335 to 395) Gt C 
to the atmosphere, while deforestation and 
other land use change are estimated to have 
released 180 (100 to 260) Gt C. (IPCC, 2013). 
Globally, forest destruction causes 25% of the 
total human-induced carbon emission and 18% 
of all GHG emissions (Schoene & Netto, 2005). 
In contrast, forest conservation, sustainable 
forest management, and forest enhancement 
can reduce the CO2 emission, and that should 
be rewarded under the UN REDD+ mechanism. 

The quantification of forest biomass and carbon 
estimation is useful in assessing important 
physical and socio-economic parameters of 
forest ecosystems, such as the amount of food, 
fuel, fodder and fibre. It is equally important 
for estimation of forest productivity, carbon 
fluxes and to estimate the amount of carbon in 
different parts of the plants (Schroeder, 1992). 
It is also useful as an indicator of ecological 
and economic values (Henry & Sandeep, 2014). 
Forest ecosystem plays an important role in 
global nutrient cycling and storing, and the 
United Nations Framework Convention on 
Climate Change (UNFCC) and its Kyoto Protocol 
recognized the role of forests in carbon 
sequestration and storage (Chhetri et al., 
2016). According to Mackey et al. (2013), the 
avoided forest degradation and deforestation 
can generate 1-4 billion tons of CO2 globally.

Bhutan has constitutionally declared to 
maintain at least 60% of its territory under 

forest cover. Currently, Bhutanese forests cover 
more than 70.5% of the land surface and are net 
carbon (C) sinks (NSSC 2011). The rapid growth 
of community forestry in the past decade 
and the government reserve forests (GRF) 
are being mostly converted to Community 
Forests and managed by local people and 
having rights on the timber collection, sale, and 
income generation as its main motive besides 
sustainable forest management. Studies 
conducted by Lee et al. (2016) on carbon 
stocks estimation by forest biomass and dead 
organic matter carbon (FBDC) modelling for 
Tsuga dumosa and Juniperus spp. in Paro and 
Bumthang showed that the total C stocks (Mg 
C ha-1) ranged from 118.35 to 200.04 with an 
average of 168.41, and the biomass and mineral 
soil were dominant components of total forest 
C stocks.

Carbon sequestration gained attention in the 
South Asia region as it became clear that the 
subtropical and temperate forests there have 
a high potential for carbon sequestration and 
storage, which could attract financial resources 
under the Clean Development Mechanism of the 
Kyoto Protocol. However, the pre-requisites for 
the commercialization of carbon stock depend 
on accurate measurements and estimation 
of carbon sequestration rates (Sandeep et 
al., 2016). Since direct measurements for 
calculating carbon stocks are not economically 
feasible, the most widely used indirect method 
involves the use of allometric equations for 
the size of trees to calculate above-ground 
biomass. Most equations use biometrics such 
as trunk diameter (DBH), tree height. and 
specific gravity of wood (Tashi et al., 2016). 
Recent development in that process to estimate 
carbon sequestration was made by Chettri et 
al. (2016), using Randomized Branch sampling 
(RBS) to sample aboveground biomass of 
tree species in a way that is cost effective and 
statistically sound.
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The reward policy under the REDD+ 
mechanism is one of the better options to 
motivate sustainable forest management 
(Carlson 2009), but it requires robust records 
of forest carbon stock change, which is very 
limited in developing countries. Hence, this 
research is carried out objectively to assess 
the current forest stand conditions and the net 
carbon stock in community managed forests. 
Our objective was to establish a baseline for 
estimating carbon sequestration potential. 
We calculated the current net carbon stock of 
two moderately harvested community forests 
of mixed coniferous tree species. This method 
would allow valuing community forest not 
only for timber but also for other alternative 
ecosystem services.  

Methodology
Study area
Bumthang in central Bhutan is one of twenty 
districts of the country. The district headquarter, 

Jakar, is located in Chhokhor Gewog. It has 101 
villages and 1,490 households covering an 
area of 2,708.46 sq. km. Bumthang is adjacent 
to Lhuntshi district in the east, Wangdi and 
Trongsa districts in the west, Zhemgang in 
the south, and China (Tibet) in the north. The 
altitude ranges from 2400 to 6000 meters 
above sea level (Dorji, 2011).

Two community forests in the Bumthang 
Dzongkhag were selected for the study, namely 
Siptangzur Community Forest and Shambayung 
Community Forest at Tangsibi, under Ura 
Gewog and Tang Gewog respectively. These CFs 
are adjacent to government reserved forests 
(GRF). They are the oldest CFs in Bumthang 
Dzongkhag as shown in (Figure 1).

Shambayung Community Forest
Shambayung CF is located at 27°62´ N and 
90°90´E, elevation ranges from 3000 to 4100 
masl in Ugyencholing Village, Tang Gewog. The 
CF has an area of 67.46 hectares (ha). The area 
also falls within the buffer zone of Thrumshingla 
National Park (TNP). The forest is mixed conifer-
dominated by blue pine (Pinus Wallichiana) 
followed by spruce (Picea spinulosa) and other 
scrubby woods. According to Phuntsho & Sangay 
(2006), the natural regeneration was good 
where the canopy density was less than 50%.

Siptangzur Community Forest
Siptangzur CF is situated north-east of Tangsibi 
Village under Ura Gewog. It is situated at 
27°50´ N and 90°85´ E.  The elevation ranges 
from 2700 to 4000 masl.  The CF is adjacent to 
Thrumshingla National Park (TNP) and is near 
the national highway. It is a mixed conifer forest 
of 136.37 Ha, with >70% comprising of young 
stand of blue pine, spruce, and hemlock as the 
dominant species.  

Data collection
The data were collected with the objective 
to calculate the total carbon storage by the 

 

Figure 1. Map of Tang and Ura gewog and 
location of Siptangzur and Shambayung CF
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dominant species in the study area. In each 
CF, three transects were laid, 200m apart, and 
on each, three temporary circular elevational 
plots were established at 100 m apart (Figure 
2). Nine circular plots were established in 
each CF and each plot had a 12.62m radius. 
Each plot thus covered an area of 500m2. In 
each plot, the diameter at breast height (DBH) 
and a number of all trees with a DBH greater 
than 5 cm were measured and counted.  

Results 
Standing trees characteristics: 
A total of 611 trees from the two CF were 
recorded (mostly alive but some dead). 
Siptangzur CF had 553 trees ha-1 (S.E= 61), and 
Shambayung CF had 743 trees ha-1 (SE= 110). 
The plots when segregated elevation-wise 
depict close to an inverse J-graph with the most 
tress in the two lowest diameter classes (Figure 
3.). The mean basal area of the CFs from the 
transect survey plots was found to be 18.04 m² 
and 35.11 m² in Siptangzur and Shambayung 
CFs respectively. Both estimates are higher than 
the estimated basal area of 10.6 m² and 17.67 
m² in the Community Forest Management Plan 
(CFMP) of both Siptangzur and Shambayung CF 
respectively.  The t-tests showed that the basal 
area of target species was significantly higher in 
Shambayung than in Siptangzur (p=0.00731). 

Above-Ground Biomass (AGB) estimation and 
total carbon stock estimation  
From the current inventory undertaken in 
the two CFs, based on the sample area, using 
equation 1, the estimated above-ground 
biomass (AGB) for trees with greater than 
5cm DBH was 67.74 t ha-1 and 205.28 t ha-1 in 
Siptangzur and Shambayung CF respectively. 
Employing equation 2, estimated total carbon 
was found to be 33.87 t ha-1 in in Siptangzur FC 
and 102.64 t ha-1 in Shambayung FC. Scaling 
up to the entire forest areas, the net amount of 
carbon stored in the above-ground biomass was 
estimated to be 4619.49 ton and 6650.29 ton in 
Siptangzur and Shambayung CFs respectively. 

Discussion
The CFs studied were young mixed coniferous 
forests with 59% of the trees less than 20cm 
in diameter. The inverse-J curve of the stand 
structure suggests a normal curve for forests 
with more trees in growing stage and lesser-
matured trees. Being young growth stands, 
both CFs hold potential for future growth in 
the amount of biomass in the forest that can 

Figure 2. Schematic diagram of methodology 
for laying the transect in each study area

 
Data analysis
The above-ground biomass (AGB) was 
estimated using allometric, an equation 
based on DBH. The diameter was fitted to the 
existing allometric function for conifer species 
developed by DoFPS (2013), which is

Total aboveground biomass (TAGBBP) 
________________Equation 1,

where a= 0.0621 and b= 2.496 for blue pine, 
and a =0.0516 and b= 2.495 for spruce. The 
other species were not taken into account. This 
was used to calculate the carbon stock, which 
is estimated to be 50% of the total value of 
biomass (Field et al., 1998) as this value has 
been globally used to this purpose (Roy et al., 
2001).  

Total carbon stocks (t ha-1) = Biomass (t ha-

1) × 0.5 _________Equation 2
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Figure 3: Estimated tree density by diameter class in Siptangzur and Shambayung CF. (P1=lowest 
elevational plot, P2=middle elevation, P3= highest elevation) 
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further increase the total amount of carbon 
stocks in the forest.

According to Torres and Lovett (2012), trees 
with higher basal area will have more carbon 
storage as compared to trees with lower basal 
area as there is a linear relationship between 
carbon storage and basal area. But the equation 
is limited to a specific set of data where the 
proportionality constant for the equation holds 
true (Chiba, 1998).

The carbon storage did not take into account 
the biomass of lesser species like hemlock 
(Tsuga dumosa), willow (Salix spp.), Populus 
sp., and other woody shrubs in the plots, which 
would increase the total carbon storage. This 
study field tests the allometric equation based 
on the power function of diameter at breast 
height (DBH) developed by the Department of 
Forest and Park Services (DoFPS), but it fails 
to compare the results with other allometric 
equations available for above-ground biomass 
calculations in which case could show different 
values of carbon. The forest stand inventory 
and carbon stock estimation can be used by 
the community forest management groups for 
better management. Estimating the amount 
of forest biomass is important for monitoring 
and estimating the amount of carbon that is 
lost or emitted during deforestation. According 
to Hunt (2009), 1 tonne of carbon stored in 
trees is the result of the removal of 3.67 tonnes 
of carbon dioxide from the atmosphere. The 
management of forests and calculation of 
annual carbon increment and subsequent 
carbon sequestration potential can be rewarded 
under REDD+ activities.
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