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Abstract

This was objectively conducted to estimate the carbon stock, to show the relation between carbon stock and indices and to assess the factors
affecting carbon stock in community forests. Three community forests (CFs) namely Gumalchowki, Mahakalsthan and Mahalaxmi of Chandragiri
Municipality in Nepal were selected as research sites. Altogether 135 plots were randomly established to collect data from the field. The diameter at
breast height and height of the trees were measured in the sample plot. The biomass was calculated using Chave et al., equation which was
converted into carbon stock multiplying by default value 0.47. The values of Normalized Difference Vegetation Index (NDVI), Difference
Vegetation Index (DVI) and Infrared Percentage Vegetation Index (IPVI) were calculated and regression equation between the indices and carbon
stock was performed. The result showed that total above ground carbon stock was highest in Mahalaxmi CF with 30.42 ton/ha, followed by
Mabhakalsthan CF with 22.62 ton/ha and comparatively lowest with 21.55 ton/ha in Gumalchowki CF. The regression analysis between carbon stock
and indices showed significantly and positive correlation. The R2 value of NDVI of Gumalchowki, Mahakalsthan and Mahalaxmi CF were found to
be 0.51, 0.54 and 0.58, also, RMSE value of CFs were 1.41, 1.36 and 1.91 respectively. Principal componenet analysis showed that road
construction, transmission line expansion, soil erosion, encroachment, disease, weeds, recreation, illegal logging are the major factors affecting
carbon stock in all three community forests. This study will be useful to show the correlation between indices and carbon stock.

Keywords: Tourism in the Countryside. Local Development Public Policy.

Resumo / Resumen

APLICACAO DE iNDICES DE VEGETACAO PARA AVALIAR O ESTOQUE DE CARBONO

Esta pesquisa tem como objeto de estudo as politicas publicas de desenvolvimento rural e a atividade de turismo no espago rural dos municipios de
Rosana e Presidente Epitacio, ambos no Estado de Sao Paulo/Brasil e nos municipios de Santiago de Compostela e Padron, em Galicia/Espanha.
Para isso o objetivo geral ¢ analisar o processo de territorializagdo do turismo no espago rural e confrontar as politicas publicas de desenvolvimento
rural a partir de estudos de casos localizados na regido do Pontal do Paranapanema, no Estado de Sdo Paulo e na Comunidade Auténoma da
Galicia/ES. No que diz respeito aos procedimentos metodologicos, foram utilizadas a andlise comparativa ressaltando a experiéncia de dois
municipios espanhdis, que foram Santiago de Compostela e Padron para tragar as similitudes e diferengas com os casos brasileiros. Os principais
resultados obtidos no Brasil foi o Programa Nacional de Fortalecimento da Agricultura Familiar (PRONAF). Das averigua¢des em Santiago de
Compostela e Padron, identificou-se a presenca de alojamentos de turismo rural que a partir das subvengdes oriundas das politicas de
desenvolvimento rural europeias foram restauradas

Palavras-chave: Turismo no Espago Rural. Desenvolvimento Local. Politicas Publicas.

APLICACION DE INDICES DE VEGETACION PARA EVALUAR LAS EXISTENCIAS DE CARBONO

Esta investigacion tiene como objeto de estudio las politicas publicas de desarrollo rural y el turismo en el espacio rural de los municipios de Rosana
y de Presidente Epitacio, ambos en el estado de Sao Paulo/Brasil y en los municipios de Santiago de Compostela y Padron en Galicia/Espafa. Para
esto el objetivo general es abordar y analizar el proceso de territorializacion del turismo en el espacio rural y confrontar las politicas publicas de
desarrollo rural a partir de estudio de casos localizados en la region del Pontal del Paranapanema, en el estado de Sdo Paulo y la Comunidad
Auténoma de Galicia/ES. En lo que dice respecto a los procedimientos metodologicos, fueron utilizadas el analisis comparativo resaltando la
experiencia de dos municipios espailoles, que fueron Santiago de Compostela y Padron para trazar las similitudes y las diferencias con los casos
brasilefios. Los resultados principales obtenidos en Brasil fueron la presencia del Programa Nacional de Fortalecimento da Agricultura Familiar
(PRONAF). De las averiguaciones en Santiago de Compostela y Padron, se identifico la presencia de los alojamientos de turismo rural que a partir
de las subvenciones que derivaban de las politicas de desarrollo rural europeas fueron restauradas.

Palabras-clave: Turismo en el Espacio Rural. Desarrollo Local. Politicas Publicas.
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INTRODUCTION

The methodology and approach is very important to monitor and evaluate the forest carbon
(Smith et al., 2008, Soenen et al., 2010). The higher the crown density the higher is the reflectance
value. It is obvious fact that higher crown density is the indicator of higher biomass and carbon. Thus,
the reflectance of crown which is captured as data in remote sensing is useful tools to evaluate forest
carbon (Nasi et al., 2015, Cui et al., 2019). The forest carbon is accredited as carbon credit under
REDD+ mechanism. The forest is carbon is contributing to minimize the impact of climate (Palmer,
2011). As billions of people are benefitted from the forest and forest ecosystem, the benefits can be
simply classified into tangible and intangible benefits. The tangible benefits are timber, firewood,
fodder, litter, medicines while the intangible benefits are soil conservation, fertility, water restoration.
Millions of industries are based on the tangible products which have been supporting the livelihood
promotion of the local people. The carbon sequestration is one of the important intangible benefits of the
forest (Gunawardena et al., 2020).

The carbon sequestration is playing a vital role to minimize the impact of climate change thus
Reducing emission from deforestation and forest degradation (REDD) mechanism becoming popular
especially in developing countries where the deforestation and forest degradation is very high (Asner et
al., 2010, Bhandari, 2012, Cao et al., 2012), 1 tons of carbon stored in trees is the result of the removal
of 3.67 tons of carbon dioxide from the atmosphere. More than eighty countries are working with
REDD+ mechanism in the world (Mandal et al., 2017, Amir et al., 2018). This phase is considered as the
performance based payment phase under REDD+ mechanism which requires the REDD+ strategies,
Monitoring Reporting and Verification and reference emission level (Mandal et al., 2016, Zhong et al.,
2017, Sharma & Kakchapati, 2018. These reports emphasize on the requirement of reliable method of
monitoring of the carbon.

The remote sensing (RS) techniques have gained wide spread acceptance for vegetation mapping
and monitoring (Ingram et al., 2005; Lu et al., 2004; Maynard et al., 2007) which measures the spectral
reflectance of the vegetation (Zianis et al., 2005). In several research, satellite-based vegetation indices
(VIs) models are the most often used models for biomass estimation (Foody et al., 2003; Schlerf et al.,
2005; Zheng et al., 2004). Many previous studies have discovered significantly positive strong
relationship between biomass and vegetation indices (Steininger, 2000; Zheng et al., 2004, Maynard et
al., 2007). Similarly, research done in Savannakhet Province, Lao PDR showed the significant
correlation between the above ground biomass (AGB) and spectral reflectance value of different indices
(Vicharnakorn et al., 2014). However, these types of researches are very limit in Nepal. Thus, this study
was conducted to estimate the carbon stock and show its correlation with the reflectance value of indices
and also factors affecting on carbon stock in community forests.

MATERIALS AND METHODOLOGY
RESEARCH SITE

Kathmandu district is situated between 27.700769° N latitude and 85.300140° E longitude in the
hilly region of Bagmati Province in the central part of Nepal. It is oval shaped intermountain basin
which stretches at about 30 km in East-West and 25 km in North-South direction and occupies about
650 sq.km and elevation ranges from 1220 to 1500m. The average temperature and rainfall are 16.1°C
and 1343 mm per annum respectively. Chandragiri Municipality situated in south-west part of
Kathmandu valley in Bagmati Province. Total area of the municipality is 43.92 sq.km. The chosen
Gumalchowki, Mahakalsthan and Mahalaxmi CFs are 1400m to 2580m above from the sea level.
Mainly, Katus (Castanopsis indica), Chilauni (Schima wallichii), Salla (Pinus roxburghii), Uttis (Alnus
nepalensis), Khasru (Quercus semecarpifolia), Kafal (Myrica esculenta) are the major tree species of
these forests.
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Figure 1 - Map of study area

SAMPLING DESIGN

Simple random sampling with 3.3%, 3.6% and 2.5% sampling intensity was applied to
Gumalchowki CF, Mahakalsthan CF and Mahalaxmi CF respectively.

FOREST DATA COLLECTION

Both primary and secondary data collection was carried out in the research. Direct field
observation, inventory and key informant interview (KII) were included under primary data collection
while, internet surfing, books, reports, journals and community forest operational plan were included
under secondary data in order to meet the research objectives. Total 135 sample plots were established
to collect the data. The nested plot method suggested by Ravindranath & Ostwald, (2008) was used in
the sampling design to minimize edge effects, which usually occur in rectangular or square plots. A
circular plot of 500 m2 with 12.61 m radius was set up to measure the diameter at breast height (DBH)
the trees and poles (>10cm), while 100 m2 with 5.64 m radius was established for saplings (

The diameter at breast height (DBH at 1.3m height) and height of individual trees and pole greater
than or equal to Scm were measured and recorded. Leaf, litter, herbs, and grass samples were taken. For
this, destructive sampling was used, with the fresh weight being obtained and the dried weight being
recorded in the lab.

DATA ANALYSIS

The total above ground biomass was calculated by summing carbon in above ground tree biomass,
carbon in above ground sapling biomass and carbon in leaf litter, herbs and grass biomass.
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ABOVE GROUND BIOMASS ESTIMATION

The total above-ground trees/poles biomass was calculated using the equation (model) developed
by (Chave et al., 2005).
AGTB=0.0509%p.D.D.H

Where,

AGTB = above-ground tree biomass (kg),

p = wood specific gravity (gm/cms), D = tree diameter at breast height (cm) and H = tree height
(m).

The tree biomass, carbon stock in kg/m2 was calculated by multiplying the total of all the

individual weights in kg of a sampling plot by the area of the sample plot (m2). The unitary method was
used to convert the value to t/ha.

BIOMASS OF LEAF LITTER, HERBS AND GRASS

In the case of herbs, grass, and litter and small sized plants (DBH

t ) _ (W field) (W sample, dry) 1

Biomass (E A Wsample, wet * 10000

Where,

W field = weight of the fresh field sample of leaf litter, herbs, and grasses, which was sampled
destructively within the given area in (g)

A =size of the area in which leaf litter, herbs, and the grass was collected (ha);

W sample, dry = weight of the oven-dry sub-sample of leaf litter, herbs and grasses that was taken
to determine moisture content (g); (Approximately 40% of the fresh weight)

And, W sample, wet = weight of the fresh sub-sample of leaf litter, herbs, and grasses that was
taken to determine moisture content (g)

CALCULATION OF CARBON STOCK

Biomass value was converted into carbon stock while biomass was multiplied by the default
carbon fraction of 0.47 (IPCC, 2006; McGroddy et al., 2004).
Carbon stock = AGTB x 0.47

Where,
AGTB= Above ground total biomass

The total carbon in Above Ground Biomass will be calculated by the formula:
C(TAGB)=C(AGTB)+C(AGSB)+C(LHGB)

Where,

C (TAGB) = Total carbon in above ground biomass (t/ha)

C (AGTB) = Carbon in above ground tree biomass (t/ha)

C (AGSB) = Carbon in above ground sapling biomass (t/ha)

C (LHGB) = Carbon in leaf litter, herbs and grass biomass (t/ha)

CALCULATION OF DIFFERENT VEGETATION INDICES (Vls)

Landsat 8 (OLI) was downloaded from United States Geological Survey (USGS:
https://www.usgs.gov/). The red band and infrared band reflections can be used to monitor the intensity
and density of green vegetation growth.
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Green vegetation reflects more energy in the near infrared band that in the visible range. It
observes red band more for the photosynthesis process. Therefore, the vegetation indices comprise of the
bands were used to correlate the field measured carbon stock with the help of GPS coordinates.

The coordinates of the ground based carbon measurement was used to correlate the reflectance
value of the pixel of imageries where ground data were collected.

SN. Vegetation Index Formula Range Introduced by:

1. Difference  Vegetation  DVI = NIR — RED ) Lillesand et al,
Index (DVI) (Infinite) (2015)

2. Infrared Percentage = NIR 0Oto+1  (Karnelletal, 2007)
Vegetation Index (IPVI) NIR + RED

3. Normalized Difference — NIR —RED  -1to+1 Tucker, (1979)
Vegetation Index (NDVT) NIR + RED

Table 1 - Table showing information about vegetation indices

STATISTICAL ANALYSIS

The Kolmogorov-Smirnov and Shapiro —Wilk was performed to check the normality of data. The
collected data set showed normal thus further correlation was performed. Afterward, Pearson’s
correlation analysis was used to explore the correlation between carbon stock and vegetation indices.
ANOVA and t-test were performed to check the equation, intercept and constant were significant at 95%
confidence level.

Finally, Root Mean Square Error (RMSE), RMSE%, Bias, Bias%, Root Mean Squared Error

Ratio (RSR) were calculated to examine the performance of the equation comparing the predicted value
and actual value calculated additional field data set.

RESULT AND DISCUSSION

AVERAGE _ HEIGHT _AND DBH CLASS OF STEMS IN
COMMUNITY FORESTS

The average height and diameter class was varying in the community forest. The highest dimeter
class was recorded DBH>50 cm and the average height in this class was 19.36, 17.74 and 16.67 whereas
the average height of stem in lowest DBH class (0-10cm) was 6.52, 5.99 and 6.54 m m in Gumalchowki,
Mahakalsthan and Mahalaxmi CF respectively (Table 2).

Diameter class (cm) | Average height (m) Remarks
Gumalchowki CF | Mahakalsthan CF | Mahalaxmi CF

0-10 6.52 5.99 6.54

10.1-20 9.48 9.43 10.07

20.1-30 10.86 10.32 10.54

30.1-40 1443 13.09 12.93

40.1-50 15.98 14.53 15.22

> 50 19.36 17.74 16.67

Table 2 - Carbon stock (ton/ha) according to DBH in CFs

Mercator, Fortaleza, v.21,e21018, 2022. ISSN:1984-2201

5/14


http://www.mercator.ufc.br

MERCA@

Richa Dhakal - Ram Asheshwar Mandal

DESCRIPTIVE ANALYSIS OF CARBON STOCK (TON/HA)
AND DENSITY (N/HA) OF DIFFERENT CFS

The descriptive statistics was of carbon stock in the community forest was varying according to
DBH class. The estimated carbon stock was the highest in DBH > 50 cm with 13.47+1.34, 12.25+1.00
and 10.51+0.80 ton/ha in Gumalchowki CF, Mahalxmi CF and Mahakalsthan CF respectively.
However, the lowest record of carbon stock was found in DBH

g;eslsumw Description | Gumalchowki CF Mahakalsthan CF Mahalaxmi CF
Diameter
class (cm) Mean+SE SD Range | Meant+SE SD Range | Mean+SE SD Range
100- 100- 100-
- i £5 2 : 72 2 : 4 .52
0-10 Carbon 218.18+20.4 95.8 400 190+34.7. 155.26 700 214.29+26.08 | 119.5 600
100- 100- 100-
-2 i 43+38. 247. p 42 i .5+40. d
10.1-20 Carbon 421.43+38.18 47 .46 900 443.59+34.42 | 214.96 1000 342.5+40.81 258.09 1100
100- 100- 100-
20.1-
20.1-30 Carbon 323.81+£31.38 2034 1000 402.33£28.53 | 187.07 200 358.54+26.36 | 168.78 900
20-
40.1-50 Carbon 24+2.89 11.21 20-60 | 40+6.41 23.09 20-80 | 30.37+3.6 18.7 IgO
Carbon 27.5+£5.26 14.88 20-60 | 31.67+3.86 13.37 20-60 | 30.83£3.4 16.66 20-80
>50

Table 3 - Descriptive analysis of Carbon stock (ton/ha) of CFs

COEFFICIENT OF VARIATION éC\f& OF CARBON STOCK
SHOWING DIAMETER CLASS IN COMMUNITY FORESTS

Coefficient of variance is the ratio of standard deviation to the mean. The higher the coefficient of
variation, the greater is the level of relative variability and vice versa.
0,90
0,80
0,70

0,60

0,50 —\:\\ ==

0,30

Coefficient variance
|

0,20
0,10

0,00
0-10 10.1-20 20.1-30 30.1-40 40.1-50 >50

Diameter class
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Figure 2 - Coefficient of variance and diameter class of community forests

Figure 2, illustrates that, the coefficient of variance of DBH class 40.1-50 cm of all community
forests was the lowest with 0.30 to 0.33 while this was the highest of DBH> 50 cm and DBH50 cm.
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MAP OF SHOWING DVI, IPVI AND NDVI OF COMMUNITY
FOREST

Total nine maps were produced to show the different indices in community forests. The
reflectance value was estimated to correlate with carbon stock in the community forest using GPS

coordinates.
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Figure 3 - Map of different indexed of community forests.
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CORRELATION BETWEEN DIFFERENT VEGETATION
INDEX AND CARBON STOCK

NDVI VS CARBON STOCK IN COMMUNITY FORESTS

The scatter plots were drawn to show the relationship between carbon stock and reflectance value
of the derived indices. The strong and positive correlation was found between the value of NDVU and
carbon in the community forest. The Rz of relation between carbon stock and NDVI was 0.51, 0.54 and
0.58 in Gumalchowki, Mahakalsthan and Mahalaxmi CF respectively (figure 4 to 6). The ANOVA and
t-test was also performed significant since the P-value was less than 0.05 in all CFs. Similarly, the
relationship between DVI and carbon stock (ton/ha) was also positive in the community forests. The Rz
values of relation between carbon stock and DVI were 0.49, 0.46 and 0.46 in Gumalchowki,
Mabhakalsthan and Mahalaxmi CF respectively (figure 7 to 9). Applied ANOVA and t-test showed the
significant correlation between these two variables since P < 0.05 in all CFs. Moreover, correlation
between reflect the carbon stock and IPVI values was also positive in the community forests. The value
of R2 of relation between carbon stock and IPVI was 0.44, 0.41 and 0.435 in Gumalchowki,
Mahakalsthan and Mahalaxmi CF respectively. The equation, intercept and constant of equation was
examined using ANOVA and t- test which showed significant since P
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Figure 12: IPVI Vs carbon stock
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ERROR ANALYSIS BETWEEN INDICES AND CARBON
STOCK:

The equation of carbon stock and different vegetation indexes was evaluated using RMSE,
RMSE%, RSR, Bias and Bias%. In fact lower value of RMSE, RMSE%, RSR, Bias and Bias %
indicated high performance of the equation. For example the low value of RMSE was 1.36 which
indicated the equation developed showing relation between carbon stock and NDVI in Mahakalsthan CF
could performed good enough to evaluate the carbon stock. Similar result was found in Gumalchowki
CF, the bias percentage was only 0.07% and vice versa in Mahalaxmi CF with RSR only 0.29 (Table 4).

S.N.  Details Gumalchowki CF Mahakalsthan CF Mahalaxmi CF
Error analysis of predicted and observed value of NDVI in community forests

1 RMSE 1.41 1.36 1.91

2 RMSE% 0.65% 0.60% 0.50%
3 RSR 0.95 1.22 0.29

4 Bias 0.14 -0.37 -1.09

5 Bias% 0.07% -0.16% -0.28%
Error analysis of predicted and observed values of DVI of community forests

1 RMSE 1.46 1.53 223

2 RMSE% 0.67% 0.68% 0.58%
3 RSR 0.99 1.38 1.28

4 Bias -0.18 -0.66 -1.38

5 Bias% -0.08% -0.29% -0.36%
Error analysis of predicted and observed values of IPVI of community forests

1. RMSE 1.41 1.21 1.82

2 RMSE% 0.65% 0.53% 0.47%
3t RSR 0.95 0.48 1.05

4 Bias 0.16 -0.34 -0.91

5 Bias% 0.07% -0.31% -0.24%

Table 4 - Errors in predicted and observed values of vegetation indices of community forests
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correlated with each other which causing the degradation in Gumalchowki CF.
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The factors affecting the carbon stock in community forest was performed using principal
component analysis (PCA). Here, landslide, expansion of transmission line and soil erosion were highly
correlated causing deforestation but weeds, fire, disease and poles collection from the forest were highly
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The scree plot showed that, there was three factors having eigenvalue greater than 1, showed
greater variance factors causing the deforestation. Likewise, forest degradation was caused by road
construction, erosion, illegal logging and transmission line expansion. Similar types of result were
recorded in Mahakalsthan and Mahalaxmi community forests (figure 13 to 24).

DISCUSSION

The amount of carbon stock was found to be highest in Mahalaxmi CF with 30.42 ton/ha,
followed by Mahakalsthan CF with 22.62 ton/ha. Likewise, Gumalchowki CF has comparatively lowest
amount of carbon stocked with 21.55 ton/ha. Mahalaxmi CF has comparatively higher diameter trees,
moist content and leaf litter than in Mahakalsthan and Gumalchowki CF. The quantity of carbon stock
varies according to the time, vegetation type, geographic location, and management technique used (K.
C., 2019). It was recorded that higher the diameter class, higher will be the amount of carbon stock.
Also, the rates of carbon fixation vary with forest age, species and site (Grierson et al., 1992).

The carbon stock was the highest in Pinus wallichiana in Gumalchowki and Mahalaxmi CF
whereas, it was the highest in Pinus roxburghii in Mahakalsthan CF. Comparably, Rhodedendron
arboretum had stocked carbon at the least amount in all CFs. All the community forests are facing at the
northern aspect, due to which the amount of carbon stock by Pinus spp was higher. The research
conducted in two CFs from Myagdi and a CF from Sindhupalchowk district had shown that the above
and below ground carbon stock was largest in the north aspect, while it was lowest in the west aspect in
case of Pinus roxburghii (Mandal et al., 2017). The study done in plantation forest of Kathmandu valley
had also showed that the pine has larger biomass, and carbon stock, the reliable reason may be having
large diameter (Sharma et al., 2020). The study done in Muree hills of Pakistan, revealed that the
average stem density ranged from 636493 (trees ha-1) in the young stand to 147+56.7 (trees ha-1) in the
overmature stand. The young stand had a statistically higher stem density, while the overmature plant
had a lower stem density. The basal area in young, mature, and over mature stands was 15.51+1.6 (mz2 ha
-1), 35.57+18.0 (m2 ha-1), and 45.91£15.1 (m2 ha-1), respectively (Amir et al., 2018). The result of this
research are differed from published papers by different authors, the reliable reason is the diverse
geography and forest condition.

The study shows the significant relationship of carbon stock and different indices (DVI, IPVI,
NDVI). The result of this research study was similar to Shrestha et al., (2013). They found the carbon
stock value of 91.04tC/ha in Simsungure CF, 87.42tC/ha Mahankal CF, 36.41tC/ha Mathani CF,
411.32tC/ha Sitakunda CF, 21.83tC/ha Barkhe and CF, 56.6tC/ha Chyansi CF. Their findings revealed
that there were strong correlations between carbon stock and reflectance value of remote sensing data.
Similar result was shown by the study done in Savannakhet Province, Lao PDR between the AGB and
Landsat (Vicharnakorn et al., 2014).

There are different methods to validate the data, among them from the residual plots the equation
representing different indices and the carbon stock was found to be more precise moreover, the values of
RMSE, RMSE%, RSR, bias and percentage bias were less. Several authors conduct and support this
concept of validating the data. Mandal et al., (2020); Volkanovski et al., (2009) and many authors
perform this method for the validation of the data.

Several factors are affecting the carbon in the community forest. The over extraction of timber,
increasing weeds, over and uncontrolled grazing, diseases and pest, fodder collection were the major
cause of low carbon stock. This finding was matching with study done by Megevand & Mosnier, (2013),
Mfon et al., (2014), Kumar, R., & Saikia (2020). The reason may be having similar types social and
economic complexity in the study sites.

CONCLUSION

The community forest enhances the biomass and carbon. Carbon stock monitoring might be a
quick and cost-effective technique to estimate carbon dioxide emissions while also contributing to forest
biodiversity. Mahalaxmi CF has the most carbon stock followed by Mahakalsthan CF with and
Gumalchowki CF. Pinus spss. were recorded to stock more amount of carbon in all three forests.
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Through different calculations, it clearly indicates that the consistency won’t be seen over these forests
in near future as there is no uniformity in carbon stock by the regenerating seedlings, saplings and poles.

The analysis found significant positive connection between carbon stock and three distinct indices
(i.e. DVI, IPVI, NDVI). The equation expressing different indices and the carbon stock are more exact,
according to the residual plots of all community forests and the lower value of RSR, RMSE, RMSE%,
bias, bias% shows high accuracy.

Fire, landslide, soil erosion, transmission poles, recreation, poles collection, firewood collection,
diseases, weeds, encroachment are major causes that had been negatively affecting on the amount of
carbon being stocked in all three community forests.

This study will be useful in establishing the baseline data on carbon stock in Kathmandu valley.
Similar research based on different forest types, climatic zones, soil types, altitude and aspect should be
done to monitor carbon stock and findings more general.
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