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ABSTRACT

This research was objectively conducted to assess forest carbon content by applying different
estimation methods and develop forest carbon factor equations for Shorea robusta, Terminalia alata
and Pinus roxburghii. Thus, Kailash (Bardia), Janakalyan (Surkhet) and Nyureswoti (Dailekh district)
Community Forests (CFs) were selected as research site. Map of CFs was prepared. Altogether 41
nested sample plots were randomly established to collect data. Height and diameter at breast height
(DBH) were measured. Out of data of 411, 128 and 139 healthy plants of S. robusta, T. alata and P.
roxburghii, measured, data of 246, 79 and 91 respective plants were used to develop carbon factor
equation and remaining data were used for validation purpose. Soil samples were collected from
0-10, 10-20 and 20-30 cm depths. Biomass was calculated using equations by Chave et al. (2005),
Sharma and Pukkala (1990) and Community Forest Inventory Guideline (CFIG). Three carbon factor
equations were developed for these plant species. The R? values of equations showing carbon and
DBH for S. robusta, T. alata and P. roxburghii were 0.996, 0.998 and 0.997, respectively, whereas
the respective values of RMSE were 0.387, 0.160 and 0.374. The values of RSR for S. robusta, T.
alata and P. roxburghii were 0.00015, 0.000987 and 0.000364, respectively while the values of
PBIAS for Shorea robusta, Terminalia alata and Pinus roxburghii were 0.016, -0.015 and -0.040.
Therefore, the performance of carbon factor equation will be good. Above ground tree carbon for S.
robusta was found to be highest in Kailash CF with 148.74 t ha! using equations by CFIG and soil
carbon was 36.33 t ha'! in Nyureswoti CF. The litter, grazing and fire are major influencing factors on
retention of forest carbon.
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INTRODUCTION to adverse impacts of climate change (IPCC, 2013).
The global forests contain 638 Gt C (FAO, 2005)
which is the major reservoir of carbon. The forests
help to keep the balance between atmosphere and

earth (Post and Kwon, 2000).
Globally, United Nation Framework

Climate change is now a global issue but this
is mainly attributed directly or indirectly to human
activity (IPCC, 2006). The global temperature has
been increasing by 0.3°C to 0.6°C since the 19"
century. Similarly, the rising record of temperature

was 0.2°C to 0.3°C over 1960- 2000 (Xiaodong and
Baode, 2000; Volkova etal., 2015). The plants have
been playing a significant role to mitigate and adapt

Convention on Climate Change (UNFCCC) and
Intergovenrmental Panel on Climate Change (IPCC)
have been taking the attention of conference of the
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parties for precise estimation of forest carbon. In
this context, some countries like India, Bhutan,
Sri Lanka and China have good data set, regular
inventory and accounting and application precise
allometric regression equation (Chave et al., 2005).
However, some countries like Nepal, Pakistan and
many other countries have gaps of regular forest
inventory data set and precise regression equation
(Sharma and Pukkala, 1990). Thus, countries like
Nepal has been estimating the forest carbon using
different types regression. Application of different
forest carbon estimation methods obviously can
create the confusion for local researchers. In
fact, the quality estimation of forest carbon is
apparently needed for carbon trade. The quality
estimation depends upon the standard methods
applied to quantify the forest carbon. The standard
methods are that types of technology which can
assure the quality estimation of forest carbon. So,
a standardization of forest carbon estimation is
needed for Nepal. This is only possible after the
comparison of values estimated by using different
types of equation. This paper can be milestone to
solve this important issue.

In fact, the IPCC good practice guideline
(2006) focuses on the Biomass Expansion Factors
(BEF) and activity data for the estimation of forest
carbon. The expansion factors depend upon the
precise method of biomass or carbon calculation.
The precise estimation of carbon is not an easy task
in developing countries like Nepal. Its direct effect
is on implementation of REDD+. In this context,
the reliable carbon factor equation is needed to
maintain the precision in carbon calculation. This
study is initiated to determine forest carbon factor
of Shorea robusta, Terminalia alata and Pinus
roxburghii and thus aims to assess and compare the
carbon status, find the carbon factor of S. robusta,
T alata, and P. roxburghii as well as the factors
affecting the carbon stock.

MATERIALS AND METHODS

Kailash Community Forest at Thakurbaba
Municipality-5, Bardia (28° 20' to 28° 58' N,
80° 59' to 82° 2' E representing 168 to 185 m);
Janakalyan Community Forest at Barahatal Rural

Municipality-8, Surkhet (28° 07" to 28 © 39' N,
81° 03' to 81° 41' E having 516 to 754 m) and
Nyureswoti Mananchaur Community Forest at
Mahabu Rural Municipality-2, Dailekh (28° 35' to
29°08'N, 81°25'to 81° 53" E having 794 to 1002 m)
of Nepal were selected for this study. The dominant
plant species were Shora robusta, Terminalia
alata, Adina cordifolia, Acacia catechu and Pinus
roxburghii in Bardia, Shurhet and Dailekh districts,
Nepl (CBS, 2016).

Sampling method and data collection

The stratified random sampling was
applied to carry out the research based on species
dominance particularly S. robusta, T. alata, and
P. roxburghii. The preliminary visit was done to find
the dominance of species and diameter distribution
of the plant. The participatory map was prepared
to show stage of the plant like seedling, sapling,
pole, and tree in the forest. The map of the study
area was prepared using GPS coordinates collected
from the field. The grid having 100x100 m? set was
prepared using fishnet function and overlaid on the
map. Later, the coordinates of sample plots were
uploaded in GPS to establish in the field (Huisman
and de By, 2001).

Total 41 sample plots were distributed
randomly to collect the data from the community
forests. Specifically 11, 15 and 15 plots were
established in Kailash, Janakalyan and Nyureswoti
Mananchour CFs respectively. The nested sample
plots were laid in the field having size of 20 m X
25m, 10 m X 10 m,5m X 5mand 2 m X 5m
for tree, pole, sapling and seedling respectively.
The height and diameter at breast height (DBH)
of trees, poles and regeneration were measured in
the plots. These were measured in such way that
at least 2 plants were selected from each diameter.
Thus, total 411, 128 and 139 plants of S. robusta,
T alata and P. roxburghii respectively were
measured. Additionally, sample of sapling having 1
<DBH> 5 cm were harvested and their fresh weight
wasnoted. Thesoil sampleswerecollected from0-10,
10-20 and 20-30 cm depths (Chabbara et al., 2002).
The plot wise factors affecting the carbon were
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collected from the field observation.
Data analysis

Three methods were applied to estimate
plant biomass.

i. Biomass estimation using Chave et al.,
(2005), Biomass (kg) = 0.0509xpx(DBH)?xh

Whereas p is the wood density, DBH and
H are diameter at breast height and total height
respectively (limitation DBH upto 5 cm).

ii. Stem volume equation of Sharma and
Pukkala (1990)

In(V)=-2.4554+1.9026 In(DBH)+0.8352 In(h for
Shorea robusta,

In(v)=-2.4616+1.8497 In(DBH)+0.88
Terminalia alata,

In(V)=-2.9770=1.9235 In(DBH) + 1.0019 In(h) for
Pinus roxburghii

In(h) for

Where a, b and ¢ are constant and DBH is diameter
at breast height, h is total height of plant and V is
the volume of the tree.

iii. Stem volume equation by community forest
inventory guideline ((DoF, 2004)

Volume = nxD*>*hxff/4

The calculated volume using method (ii)
and (iii) was converted into biomass multiplying
by wood density. Branch and leaves biomass
was calculated using species wise default value
multiplying factor of shoot biomass. The default
value was used to calculate the branch biomass
specifically of small (DBH < 28 cm), medium
(DBH =28 — 53 cm) and large (DBH > 53 cm)
plants were 0.055, 0.341 and 0.357 respectively for
S. robusta while this value was 0.4 of all size plants
for T. alata and P. roxburghii. The leaf biomass
was calculated using default value 0.01 to all size
wood for S. robusta. However, the default values
were 0.07, 0.05 and 0.04 to calculate leaf biomass
of small, medium and large wood respectively for
T alata and P. roxburghii (FRA/DFRS, 2014).
The root biomass was 0.25 of shoot biomass
thus estimated total biomass is the sum of stem,
branch, leaves and root biomass. The biomass was

converted into carbon using the conversion factor
0.47 (IPCC, 2006).
Data analysis of soil carbon

Soil carbon content was analyzed by Walkley and
Black method (Walkley and Black, 1958).

Bulk density (BD g cc') = (oven dry weight of
soil)/(volume of soil in the core)

Soil carbon = Organic carbon content (%) X soil
bulk density (kg cc!) x thickens of the soil horizon

Statistical analysis

Normality test was applied using the
Shapiro—Wilk, and Kolmogorov-Smirnov tests to
examine the data particularly diameter at breast
height (DBH), height (ht) and carbon. Then the
regression equation (log) was developed to show
the relationship between DBH and height. Then,
regression equation (power) was established to
find the carbon factor equation for all plant species.
The significance of allometric equations was tested
applying F-test (ANOVA) and t-test. The validation
of the carbon factor equation was done comparing
the predicted value and true carbon value applying
Root Mean Square Error (RMSE), the ratio of
RMSE to the standard deviation (RSR) and percent
bias (PBIAS) (Kothari, 1990).

RMSE=V(Z(Xobs-Xpre)"2/n)

Where X obs is observed value and X pre is pre-
dicted value

RSR =(RMSE )/(Stand deviation of observed data)
PBIAS=(} (Xobs-Xpre)x100)/(>.Xobs)

Meanwhile estimated carbon status in
community forests applying different methods was
compared applying One-way ANOVA and factors
affecting the forest carbon were examined using
principal component analysis (PCA; Kothari, 1990).

RESULTS AND DISCUSSION
Above and below ground carbon status

The highest above ground tree carbon
calculated by Chave et al. (2005), Sharma and
Pukkala (1990) and CFIG for S. robusta was found
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to be 135.66, 122.89 and 148.74 t ha™!, respectively
while below ground tree carbon calculated by
Chave etal. (2005), Sharma and Pukkala (1990) and
CFIG was found to be 33.92, 30.72 and 37.18 tha!
respectively in Janakalyan community forest (Table

1.

The reason of the highest total carbon of
S. robusta in Kailash community forest was high
density of plants. The large sized plants were more
in the community forest. The higher density of large
size plant obvious will have high carbon stock. The
estimated carbon stock was about 55.65 t ha! of
S. robusta in Terai (FRA/DFRS, 2014) Estimated
carbon stock of S. robusta was 52.31, 44.87 and
35.93 t ha™! in Gadhanta-Bardibash, Tuteshwarnath
and Banke Maraha Collaborative Forests
(Mandal et al., 2016). A comparative study done
by Pandey and Bhusal (2016) showed that the total
carbon stock in the CFs in Hills and Terai were
found to be 234.54 and 479.29 t ha! respectively
of S. robusta. The carbon stock density in CF in
Terai was found to be higher (384.20 t ha!) than
in Hills (123.15 t ha! ). The carbon stock in the
community forest of study areas was quite similar
to the value of report of DFRS, but it was differed
in collaborative forests. The reason behind the
similarity and differences in carbon stock was due
to variation in stock density, size of the plants and
soil condition. The soil is generally more fertile in
Terai in comparison to Hill (Jackson, 1994).

The above ground carbon of 7. alata was
the highest around 45.33 t ha! in Janakalyan
community forest since there was higher density
of tree, pole and sapling. The report showed about
27 t ha'! of T alata in Terai (FRA/DFRS, 2014).
Similarly, a study done by Mini and Rao (2011)
indicated that age of the stand having 18-75 years
would have carbon stock 34.30-97.86 t ha™'. So,
the result of this research is compatible with other
studies as well. The carbon in P. roxburghii was
found to be higher in Janakalyan CF (50.26 t ha™')
because of higher number of plants ha than it in
Nyureswoti Mananchour CF (11.57 tha™") (Table 1).

Specifically, variation in maximum and minimum
above ground carbon stock in Kaleri CF in Kavre
district, Nepal was 53.58 t ha! (Mandal et al.,
2017a). The value of carbon stock was similar with
this research. The similarity might be due to same
types of biotic and abiotic factors.

Status of tree, pole, and sapling in forest

Actotal number of trees in Janakalyan, Kailash
and Nyureswoti Mananchour CF was found to be
249, 68, 51 respectively. Similarly, number of poles
inrespective CFs was found to be 1222,430 and 479
respectively. Status of regeneration in Janakalyan
was very good compared to that of other (Table 2).

Soil carbon in different altitudinal gradient

Total soil carbon was found to be 29.361,
36.33 and 21.953 t ha! in Janakalyan, Kailash
and Nyureswoti Mananchour CFs respectively.
Kailash CF possesses the highest quantity of soil
carbon stock since soil microbial activities were
the highest (Table 3). The estimated records of soil
carbon were 31.46 and 28.36 t ha'! in Shreepur
Public Plantation (PP) and Sita Community
Planted Forest (CPF) respectively in 0-10 cm
(Mandal et al., 2017b). The soil carbon of Ratmate
lease hold forest was 37.89 t ha! (2012), the
value was close to the value of Kailash CF. The
carbon stocks depend up on the stage of the plants,
practices and silvicultural operations (agroforestry)
adopted, site quality and microbial activities in the
soil (Oren et al., 2001; Mini and Rao, 2011). The
soil carbon in Terai forest was reported 33.66 t ha™!
(FRA/DEFRS, 2014), which was about to similar the
record of soil carbon of Janakalyan CF.

Comparison of mean carbon values

One way ANOVA was applied to test the
significant difference in mean carbon calculated
using three different methods particularly Chave
et al., Sharma and Pukkala and CFIG. The P-value
for assessment of carbon stock of S. robusta,
T. alata and other species (P. roxburghii) was 0.936,
0.877 and 0.792, respectively. Therefore, there is
no significant difference in assessment of carbon at
95% confidence level using three different methods.
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Table 2. Status of number of tree, pole, sapling, and seedling per ha in community forests
Janakalyan CF Kailash CF Nyureswoti Mananchour CF
g & O‘l = O& s 3 g & O‘l = ;A” s 2 g & ;\ﬁ s O& =]
Species =3 5 = =3 5 = =) 3 =
ER E& & ER BE@ 3 Er 2= &
Shorea 63 550 467 1000 58 260 1320 360 1100 37 379 314 1000 1200
robusta
lerminalia 7 100 333 67 1333 4 30 40 40 2200
alata
Pinus 36 439 578 133 1232 11 29 1100
roxburghii
Other spp. 123 83 333 133 900 6 140 360 2100 3 71 143 114 2300
Total 249 1222 1711 333 4465 68 430 1720 400 5400 51 479 457 1114 4600

Table 3. Soil carbon status (t ha™!) in different soil depths in community forest depths

Soil depth (cm) Soil carbon status in community forests
Janakalyan CF Kailash CF Nyureswoti Mananchour CF
0to 10 14.41 14.63 10.43
10 to 20 8.84 10.99 6.47
20 to 30 6.11 10.71 5.05
Total 29.36 36.33 21.95

Relationship between DBH and height

The Carbon factor equations depend upon
the relationship between DBH and height. The
correlation between DBH and height is prerequisite
to prepare the carbon factor equation.

The equation for S. robusta, T. alata and
P. roxburghii was developed based on height and
DBH. The equations are H = -12.288 + 9.748 x
log (DBH), The values of R? in the equations of
S. robusta, T. alata and P. roxburghii showed

higher performance with the values 0.789, 0.756
and 0.809 respectively. The P- values of F-test and
t-test showed that there was significant relationship
between DBH and height of the plant (Table 4). The
biometric characteristics are very important in the
modeling (Tuominen et al., 2010; Weiskittel et al.,
2011). In fact DBH and height are the main
dimension in carbon model development since
there is a very good relationship between
DBH and height (Legates and McCabe, 1999;
Tamrakar, 2000).
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Table 4. Equations showing diameter at breast height and height of plant

Species Eqations R F(ovalue)  cton (Povalue)
Shorea robusta  H=-12.288 +9.748 x log(DBH)  0.790 0.000 0.000
Terminalia alata H=-15.305+ 10.738 x log(DBH) 0.759 0.000 0.000
Pinus roxburghii 'y =-18.689 + 11.389 x log(DBH) 0.811 0.000 0.000

Carbon factor equation for three species

The result showed that the carbon factor
equations are C = 0.1025 (DBH)*®*. The R?
values of equations showing carbon and DBH for

S. robusta, T. alata and P. roxburghii were found to

be 0.996, 0.998 and 0.997, respectively (Table 5).
The modeling of forest carbon is completely
depend upon the biophysical characteristics of the
plant like DBH and height (Salimon et al., 2011;
Vargas-Larreta, et al., 2017).

Table 5. Equations for estimating carbon factor for three species

Species Equations R? Ei?;_if;linet) tszlg)l_l\lg;:s:)t
Shorea robusta C =0.1025 (DBH)>%>*! 0.996  0.000 0.000
Terminalia alata C =0.2624 (DBH)>*74 0.998  0.000 0.000
Pinus roxburghii C =0.1095 (DBH)?>%6% 0.997  0.000 0.000

Validation of carbon factor equation

The values of RMSE for S. robusta, T. alata
and P. roxburghii were found to be 0.387, 0.160
and 0.374 respectively. The values of RSR for
S. robusta, T. alata and P. roxburghii were 0.00015,

0.000987 and 0.000364 respectively (Table 6)
while the values of PBIAS for S. robusta, T. alata
and P. roxburghii were 0.016, -0.015 and -0.040.
Thus, the performance of carbon factor equation
will be good since the estimated values of RMSE,
RSR and PBIAS were very low.

Table 6. RMSE, RSR, and PBIAS for equations of Shorea robusta, Terminalia alata and Pinus roxburghii

Species RMSE RSR PBIAS
Shorea robusta 0.387 0.00015 0.016

Terminalia alata 0.160 0.00099 -0.015
Pinus roxburghii 0.375 0.00036 -0.040
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Factors affecting carbon stock in community
forests

There were eight factors affecting the
carbon stock in Nyureswoti, Janakalyan and
Kailash community forests. They were mainly fire,
grazing, litter, trail, erosion, lopping, climber and
encroachment. Out of that three factors like fire,
grazing and litter were prime factors affecting the
carbon stock in the community forest. The Scree
plot showed that the fire and grazing were dominant
factors affecting the carbon stock in two community
forests except in Kailash CF (Fig. 1). The Kaiser-
Meyer-Olkin  (KMO) measure of sampling
adequacy showed the value 0.532, 0.452 and 0.462
in Nyureswoti, Janakalyan and Kailash community
forests respectively . At the same time Bartlett's test
of Sphericity showed significant result at 5% level
of significance.

The carbon stock was affected due to several
factors. Overall, fire was the most prominent
cause in all community forests followed by litter.
In fact, intentional fire was general cause of the
forests carbon loss. The report of DFRS (2015) also
showed that grazing as the most disturbing factor

in carbon stock. The report published on drivers of
deforestation and forest degradation showed illegal
logging, grazing and fire were the main drivers
of carbon loss (Geist and Lambin, 2001). Other
studies also justified that the fire, litter (fuel mass),
grazing and natural hazardous are the major causes
of carbon loss in community managed forests in
Nepal (Achard et al., 2002; Baral et al., 2008).

CONCLUSION AND RECOMMENDATION

Carbon status of tree, pole and sapling were
calculated using equations of Chave et al., Sharma
and Pukkala and Community forest inventory
guideline showed differences but not statistically
significant. The carbon factor equation of Shorea
robusta, Terminalia alata and Pinus roxburghii
were developed. The principle component analysis
showed fire, grazing and litter (fuel for fire) are
influencing factors on carbon stock. The research
will be useful for scientific community and policy
makers. Thus, it is recommended to carry out the
similar tasks in other parts of of Nepal since the
micro climate may affect the carbon status and
carbon factor equations.
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Factors affecting the carbon stock

Fig. 1 : Screeplot showing the factors afecting the carbon stock in community forests
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