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Abstract: The study assessed land cover change, carbon stock and sequestration potential of Simien Mountains National
Park (SMNP), Ethiopia. Landscape was stratified into four zones based on the vegetation ecology and land uses: Afro-alpine
grassland (AAGL), Afro-alpine woodland (AAWL), Afro-montane forest (AMF) and Cultivated and overgrazed land (COL).
40 sample plots were taken randomly (10 from each zone). Nested plot design with size of 50m*50m and subplots of
20m*20m, 10m*10m, 5Sm*5m, 2m*2m and 1m*1m was used for the measurement of trees of different diameter classes. Soil
sampling was done at the four corners of the 10m*10m subplots to a depth of 30cm and taken to laboratory for analysis along
with litter and undergrowth. Allometric equation was used for determination of above ground biomass (AGB) carbon. Below
ground biomass (BGB) carbon was taken as 24% of AGB carbon. Land cover change was analyzed comparing satellite images
of different periods. It was found that the COL has increased from 20% in 1972 to 48% in 2013. As a result, the AMF and
AAWL have shrunk by nearly 50%. A future projection with a simple linear model indicated 73ha and 251.3ha of annual
deforestation rate in the AAWL and AMF zones respectively, implying that it will take only 71 and 49 years for the AMF and
AAWL respectively to be completely lost. Above ground carbon (AGC), below ground carbon (BGC) and soil organic carbon
(SOC) holds 34.4%, 8.3% and 55.2% of the total carbon stock respectively. Dead wood and Litter Biomass together
contributed only to the 2.2%. From land cover point of view AMF, AAGL, AAWL and COL stored 47.5%, 22%, 20.9% and
9.6% of the total carbon stock in the area respectively. A linear regression of Shannon diversity index against total carbon and
AGC was calculated for AMF zone and as such no strong relationship was found for the total C (R* = 0.242) and also AGC (R*
=0.337), but it appeared that the stored carbon tends to decrease as the Shannon diversity index increases.
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continue to increase, the average temperature at the Earth’s
surface will increase by 1.8 to 4°C by the end of the century
[24]. Thus, the rapid increase in global surface temperature is
mainly due to the rise in the amount of carbon dioxide in the
atmosphere primarily due to anthropogenic activities [39]. As
a result of change in global climate there has been a
widespread and growing concern that has led to extensive
international discussions and negotiations. In seeking
solutions for this, the overwhelming priority is to reduce
emissions of GHGs and to increase rates of carbon
sequestration. The concerns have led to efforts of reducing

1. Introduction

Climate change has been proved by scientific evidences
and unequivocally accepted by the global community as a
common issue of interest. Since the industrial revolution, the
burning of fossil fuels and the destruction of forests have
caused the concentrations of heat-trapping Green House
Gases (GHGs) to increase significantly in our atmosphere, at
a speed and magnitude much greater than natural fluctuations
would dictate. If concentrations of GHGs in the atmosphere
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emissions of GHGs, especially CO,, and measuring carbon
absorbed by and stored in forests, soils, and oceans. To slow
down the rise of GHGs concentrations in the atmosphere, and
thus possible climate change, is to increase the amount of
carbon removed by and stored in forests [23, 4, 25].

As a natural solution, the role of trees and forests in the
process of carbon cycle is quite significant as it stores more
carbon among the terrestrial ecosystems [26, 41, 35]. This
will make forest ecosystems to be the largest terrestrial
carbon pool. Protected areas, with their all and diverse
ecosystems including forests are vital systems to capture and
store carbon from the atmosphere and to help people and
ecosystems adapt to the impacts of climate change [11].
Ethiopia, being party to the United Nations Environmental
Program and signatory to its treaties and protocols, is striving
to contribute to the international effort of climate change
adaptation and mitigation. It has adjusted its development
strategy aiming at meeting net zero emissions by 2030 and
developed climate resilient green economy (CRGE) strategy.
Conserving and enriching existing forests, establishing new
forests, enhancing of the existing protected areas and
establishing new ones are some of the measures undertaken
by the government. The role of forests to capture and store
carbon from the atmosphere has been studied by several
researchers [43, 30, 2, 33, 1]. However, studies on carbon
storage process at a landscape level for instance in a
protected area with different land covers are lacking.
Therefore, this study was undertaken to assess the carbon
storage potential of Simien Mountains National Park
(SMNP) in Ethiopia through its different land cover zones
and the overall dynamics of land cover changes.

2. Methodology

2.1. Site Description

The study was conducted in SMNP found in Amhara
National Regional State, north Gondar, Ethiopia located at
about 846 km North of Addis Ababa. The park has an area of
412 km® and geographically situated around 13°11'N and
38°04'E. SMNP was established in 1966 and officially
recognized in 1969 for its rich of rare and endemic wildlife
species, diverse fauna and flora composition and for its
spectacular landscape and unique scenery. The park was
inscribed in the World Heritage List for fulfilling criterion II1
(exceptional beauty) and criterion IV (importance for
biodiversity) in 1978. SMNP is the first natural World
Heritage Site inscribed in Ethiopia. The climatic condition
within the park ranges from woina-dega at lower altitude
(1500 — 2400 m.a.s.]) to wurch zone at the upper elevations
(above 3700 m.a.s.l). High-dega and temperate climate zones
are found in between the two. Mount Ras-Dejen, with 4620
m.a.s.]l, the highest peak in the area as well as in the country
is also part of this park. Approximately 75% of precipitation
in the area falls between June and September as
predominantly hail, rain and mist resulting in a mean annual
rainfall of 1550mm. Temperatures are relatively consistent

throughout the year, however there are large diurnal
fluctuations ranging from a minimum of -2.4 - 4°C at night to
a maximum of 11 - 18°C during the day [17, 16, 27, 7, 21].
The national park is important conservation site for rare and
endemic animals that made the park as last habitat such as
Walia Ibex (Capra walie), Chelada baboon (Theropithecus
gelada), Ethiopian Wolf (Canis simensis), etc.

2.2. Stratification of the Area

Considering vegetation differences and land uses within
the study area, SMNP was stratified into four zones. These
zones include, the Afro-alpine grassland (AAGL) occupying
the highest altitude ranges, Afro-alpine woodland (AAWL)
that is dominated by the Erica arborea trees, the Afro-
montane forest (AMF) surrounding the mountain base and
steep slopes, and Cultivated and overgrazed land (COL).
Image analysis for land cover change study and stratification
of the area was done using satellite image of four different
years (1972, 986, 2000 and 2013) with ERDAS Imagine and
Arc GIS software.

2.3. Sampling Technique

A square grid of 1km*1km was drawn on the map of the
park considering the outer gridlines as reference. 10% of the
square grids were considered for the sampling and
proportionally distributed to the different vegetation zones.
Accordingly, 41 samples were needed for SMNP, which
would have been distributed as 7, 9, 5 and 20 plots for the
AAGL, AAWL, AMF and COL respectively. However,
taking into consideration the fact that there is high variability
and carbon stock in the AAWL and AMF zones as compared
to the COL, and also in consideration of taking fairly equal
minimum number of plots, 10 samples were taken randomly
from each zone making it 40 total sample plots. Nested plot
design, which is appropriate for inventories in natural forests
where there is high variability in tree size, distribution and
structure, was used. Forest carbon assessments in particular
use nested plot designs that present variable size subplots for
the different tree size classes and also for the different forest
carbon pools. Accordingly, S0m*50m (the outer most) plot
was used for trees above 30cm DBH, 20m*20m subplot was
used for trees with DBH between 10cm and 30cm, 10m*10m
subplot was used for trees between Scm and 10cm DBH,
Sm*5m subplot was used for small trees of DBH between
2cm and Scm, 2m*2m subplot was used for regeneration and
undergrowth and the inner most Im* Im subplot was used for
litter. Tree height was also measured along with DBH. Soil
samples were taken at four corners of the 10m*10m subplot
to a depth of 30cm, and one composite sample was taken for
soil carbon determination.

2.3.1. Vegetation Data Collection and Identification

The estimations of above and below ground carbon depend
on the above ground biomass of living tree species. To
estimate the above ground biomass all tree species within
selected sample plots were identified, measured and recorded
as specified above. Plant identification was done according to
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Flora of Ethiopia and Eritrea [12, 13, 14].

2.3.2. Carbon Stock Measurement

Carbon stock has been assessed in five forest carbon pools,
which is in accordance with the IPCC 2006 guideline [15].
Hence, the major activities of carbon measurement during the
field data collection were focused on above-ground tree
biomass, below-ground biomass, dead wood, litter, and soil
organic carbon as stated here below.

i. Aboveground vegetation biomass (AGB) carbon

Carbon in the AGB was assessed through measurement of
standing trees and shrubs wusing proper mensuration
techniques. DBH and height of trees were measured
according to their size class in the respective subplots.
Therefore, species type, diameter at breast height (DBH) and
height of trees (H) were the interest of measurement for trees.
GPS was used to identify exact location of plots. DBH was
measured with caliper/diameter tape depending on the size of
the tree. Tree height was measured using haga hypsometer,
and slope was measured with suunto clinometer to adjust the
size of the plots to proper size. Carbon stock assessments in
Africa are highly variable and have high degree of
uncertainty due to lack of consistency in techniques of
inventory and lack of site and species specific allometric
equations. There are few species specific allometric
equations developed in Africa, and most of the carbon stock
assessments used general allometric equations despite the
high degree of variability in site growth conditions and
growth characteristics of species [22]. Equations indicated in
[5, 6, 9, 22] are some of the most used general allometric
equations in Africa for the purpose of biomass and carbon
stock assessments. The one in [9] is particularly used by
many studies and has been the best general model for carbon
stock assessment so far [22]. Therefore, allometric equation
[9] was used for this study is:

Y(kg) = exp(—2.187 + (0.916 * In(pD2H))) (1)

Where, Y = tree biomass, H = tree height (m), D = DBH
(cm) and p = Wood density (kg m™). While DBH and tree
height are directly measured, wood density of species is
obtained from other studies and databases. Average wood
density value of the known species was used for species
which wood density was not found.

Fresh weight of all the undergrowth had been measured
in the 2m*2m subplot and a small sample of known
weight were taken for dry matter analysis. Regeneration
was counted in this subplot. Tree biomass and respective
carbon stock were calculated using allometric equations,
and dry matter content of the undergrowth was determined
after oven drying the fresh undergrowth sample and
converting that proportionally to the 2m*2m subplot and
hectare levels. Therefore, the AGB is the sum of the two
vegetation biomasses. Then the AGB carbon is calculated
from the AGB using a biomass-carbon conversion factor
of 0.5 [29].

ii. Belowground biomass (BGB) carbon

Below ground biomass carbon is directly derived from

aboveground vegetation carbon using known conversion
factors. Below ground root biomass is estimated using root to
shoot ratio which varies 20 to 50% depending on species.
However, for carbon accounting purposes conservative
values are recommended. Accordingly, 24% was used as a
conversion factor for belowground biomass from above
ground biomass as also recommended by other authors [8].

BGB = AGB x 0.24 ©)

iii. Dead wood carbon

Dead wood carbon was estimated by applying general log
volume estimation techniques using Smalian formula, and
converting estimated volume to biomass and then to carbon.

V = f(Ds2 + DI2) * L/2 3)

Where: V = volume of the wood (m®), Ds = small diameter
(cm), DI = large diameter (cm), L = length (m), f =
adjustment factor = 0.00007854.

iv. Carbon Stocks in the Litter Biomass

The litter layer is defined as all dead organic surface
material on top of the mineral soil. Some of this material will
still be recognizable (for example, dead leaves, twigs, dead
grasses and small branches). The following formula was used
to determine litter carbon stock of the study area. The total
dry weight was determined in the laboratory after oven
drying of the sample. Oven-dried samples were taken in pre-
weighed crucibles. The samples were ignited at 550°C for
one hour in furnace. After cooling, the crucibles with ash
were weighed and percentage of organic carbon was
calculated.

__ Wfield « Wsub_sample (dry) « 1

LB
A Wsub_sample (fresh) 10,000

“

Where: LB = Litter biomass (t ha™); W field = weight of
wet field sample of litter sampled within an area of size 1 m>
(g); A = size of the area in which litter were collected (ha);
Wsub_sample (dry) = weight of the oven-dry sub-sample of
litter taken to the laboratory to determine moisture content
(g), and Wsub_sample (fresh) = weight of the fresh
sub_sample of litter taken to the laboratory to determine
moisture content (g).

Carbon stock in litter biomass was then determined using
the following formula:

CL=LB X %C )

Where: CL = total carbon stocks in the litter in t ha'l, % C
= carbon fraction determined in the laboratory [36].

v. Soil organic matter

Soil organic matter contributes to more than 50% of the
forest carbon stock in some forest types [40]. In some
conditions the soil carbon stock is less dynamic and hence
is less interesting to carbon stock assessment although it is
the largest forest carbon pool. However, when there is
high anthropogenic impact on the soil, particularly when
there is a land use change, it is important to address the
soil carbon content change related with land use changes.
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In the current study, soil organic carbon (SOC) was
assessed as there is dynamic process of land use change,
forest land being converted to agriculture or grazing field,
and hence it was found important to assess SOC content.
Soil samples were taken at four corners of the 10m*10m
subplot using 10 cm diameter core sampler to a depth of
30cm. The four subsamples were then mixed together and
weighed for the soil bulk density determination. Then a
composite sample of 100g was taken. Soil bulk density
has been determined by drying soil samples in oven at
103°C for 24 hours. Then, SOC was determined following
the loss-on-ignition [36] method and the calculations were
made as follows:

__ Wav.dry
v

BD (6)

Where: BD = bulk density of the soil sample per the
quadrant, Wav. dry = average dry weight of soil sample per
the quadrant, V = volume of the soil sample in the core
sampler auger in cm’

SOC=BD *d * %C 7

Where: SOC = soil organic carbon stock per unit area (t
ha™), BD = soil bulk density (g cm™), d = the total depth at
which the sample was taken (30 cm), and %C = Carbon
concentration (%)

vi. Estimation of Total Carbon Stock

The total carbon stock is calculated by summing the
carbon stock densities of the individual carbon pools.
Accordingly, carbon stock density of a study area is:

CT = AGC + BGC + DWC + LC + SOC ®)

Where: CT = Total Carbon stock for all pools (t ha™), AGC
= above ground carbon stock (t ha™), BGC = below ground
carbon stock (t ha™), LC = litter carbon stock (t ha™) and
SOC = soil organic carbon (t ha™). The total carbon stock
was then converted to tons of CO, equivalent by multiplying
it by 3.67 as stated by [37].

3. Results and Discussion
3.1. Land Cover Change

As the satellite image analysis of this study revealed, the
cultivated and overgrazed land has increased from 20% in
1972 to 48% in 2013 (Figures 1 and 2). As a result, the AMF
and AAWL have shrunk by nearly 50%. The AMF and
AAWL land have been shrinking, on average, by 118.4 and
200.8 ha per annum, respectively. A future projection using a
simple linear model (equation 9 and 10) developed from the
general land cover change that has been prevailed from
satellite image analysis indicated 73ha and 251.3ha of annual
deforestation in the AAWL and AMF zones, respectively. If
this rate of deforestation continues, it will take only 71 and
49 years for the AMF and AAWL, respectively, to be
completely lost if the management is not improved.

AMF (in ha) = 8268 - 72.9x 9)

AAWL (in ha) = 22790.4 - 251.3x (10)

Where; x is the number of years starting from 1972.

However, with increasing population and diminishing
resources, rate of deforestation will increase and it may not
take that long unless swift management approaches are
implemented on the ground.

According to [44] the analysis of land-use/land-cover
change and knowing its dynamics is a fundamental tool for
adoption of conservation strategies within hotspot sites like
protected areas. The phenomenon of forest loss in the
nation seems to be quite common as outlined by some other
researchers in different parts of the country [28, 18, 19].
The finding of the current study is also in consistent with
the outcome of those researchers, but what is surprising
about this finding is that the situation has happened in a
protected area. Therefore, this is an alarming sign for
improved and more effective conservation measures to be
taken soon. Agricultural land has been expanding at the
expense of the natural vegetation with a pressure both from
within inhabitants and adjacent communities. The
conversion of forested areas to cropland has been also a
serious issue globally particularly from 1950s onward [32].
In the current study area 80% of the total park is directly
affected by human activities such as settlement, cultivation,
grazing and extraction of wood for fuel and construction
[21]. Such activities will be catastrophic to the grass
resource base and grass species diversity in the park. This
will also significantly affect not only the grazing field, but
the regeneration capacity of forest and woodland zones. The
side effect of grazing on the regeneration capacity of forests
has already been observed in this study. In the high forest
areas far from villages, grazing is common experience and
regeneration has already been affected. Since other interests
like agricultural land expansion will also increase, the
potential grazing land will shrink adding more grazing
pressure on grasslands and forests, which will ultimately
lead to forest degradation and then to land degradation. Fuel
wood collection and selective logging of construction
wood, together with grazing are primary factors for the
forest degradation in the park.

m Afio-alpine woodland (AAWL)

® Afro-montane forest (AMF)

Cultivated and overgrazed land (COL)
B Afro-alpine grassland (AAGL)

1984 2000 2013
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Figure 1. Land cover change trend of SMNP.
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Figure 2. Land cover change of SMNP from 1972 up to 2013.
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3.2. Carbon Stock of SMNP

One of the important points regarding carbon management
is to identify the carbon pool that has high stock as well as
one that is highly dynamic and sensitive. As seen in table 1
and figure 3 below, most of the carbon stock is concentrated
in three carbon pools: Aboveground, belowground and soils.
AGB, is a pool that holds about 34.4% of the forest carbon
stock and hence it is the second largest pool next to the SOC
which holds about 55.2%. The third largest pool is BGB,
which holds 8.3% of the total carbon stock. AGB and BGB

together constitute 42.7% of the total carbon stock.

Therefore, the tree component is the largest carbon pool
next to soil which implies that removal of trees is apparently
removal of the bulk of carbon stock. The other two carbon
pools contained less amount of carbon where Deadwood
Biomass (DWB) and Litter Biomass (LB) both together
contributed only 2.2%. Conservation of forests for sustaining
their existing carbon stock and future sequestration potential;
assisting regeneration has to be the central focus of any
carbon management project.

Table 1. Summary of mean carbon stock of aboveground, belowground, litter, deadwood and soil (ton/ha) of the study site.

Total N Different Carbon Pools
0 AGC t/ha BGC t/ha DWC t/ha LC t/ha SOC t/ha Total C t/ha
40 57.83 (14.13) 13.88 (3.39) 2.77 (1.11) 0.85 (0.34) 92.7 (8.61) 168.02 (21.79)

Numbers in bracket are standard error.

In this study on average soil carbon was found to be the
main contributor of the overall carbon stored in the study area.
This finding is consistent with the report of [20] that states soil
is the largest pool of organic carbon in the terrestrial biosphere,
and hence, minor changes in SOC storage can impact
atmospheric carbon dioxide concentrations.

Total C and CO,e by Pool

Soil

Litter

mTotal tonfCO2e/ha  mTotal Carbon ton/ha

Dead wood

Carbon pools

Below ground

Above ground

0 200 400 600 800 1000 1200 1400

ton per hectare

Figure 3. Total carbon and carbondioxide equivalent of the study site by
pools.

When biomass accumulation and carbon storage was
evaluated from land cover point of view, AMF was found to
be the largest reservoir by storing nearly half (47.5%) of the
total carbon stock in the area followed by the AAGL (22%)
and AAWL (20.9%) as a second and third carbon reservoir
respectively. The least carbon storage was observed in COL
(9.6%) zone. Similarly, the large amount of carbon observed
in AAGL zone was obtained from SOC may be as a result of
high and rapid decomposition rate of the grass material and
its incorporation to the soil as organic matter. From the table
2 and figure 4 it can be seen that land cover zones with trees
and grass vegetations are found to be the most important
depositors of biomass and carbon; hence it is evident that
conversion of any form of natural vegetation to cultivated
and overgrazing field will result in reduced AGC, BGC and
SOC content which will affect the general holding capacity
and sustainability of the area.

Table 2. Summary of mean carbon stock of aboveground, belowground, litter, deadwood and soil (ton/ha) of the four land covers of the study site.

Different Carbon Pools

Zone (Land cover)  TotalN  —r - BGC t/ha DWC t/ha LC t/ha SOC t/ha Total C t/ha
AAWL 10 20.98 5.04 052 0.00 87.58 114.12
AMF 10 123.35 29.60 6.40 205 97.90 259.38
AAGL 10 0.80 0.19 0.00 0.00 119.36 120.36

COL 10 0.00 0.00 0.00 0.00 52.21 52.21

The corresponding carbondioxide equivalent (CO,e) was
calculated for all land cover zones and all carbon pools
(figure 3 and 4) by multiplying the amount of carbon by 3.66
value, and it followed the same trend for all land cover zones
and pools like that of carbon storage since it was derived
using a constant figure. Considering the AMF land cover
only for comparison with others report the following
discussions were made. The AGC of AMF of this study is
comparable to those reported for the global above ground
carbon stock in tropical dry and wet forests that ranges
between 13.5 to 122.85 t ha” and 95 to 527.85 t ha’,

respectively [34]. Yet this finding is similar to [43] who
reported 122.85 t ha”' AGC for selected church forests; and
[30] obtained 133 t ha’ AGC for Menagesha Suba state
forest. However, it shows variation from the findings of [33]
that obtained 306 t ha” of AGC for Tara Gedam forests and
[1] found 237.75 t ha' of AGC for mount Zequalla
Monastery forest. Also the AGB value of this study (246.7 t
ha™') is a bit lower than the AGB of the Amazonian Brazil
forests ranged between 290- 495 t ha” [3]. The BGB and
BGC have similar trend with that of the aboveground values
due to the fact that it is derived from the aboveground results
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using a constant conversion factor 0.24 [8]. The variation is
perhaps due to methodological differences referring to the
sample size and models or allometric equations used to
calculate the biomass and also site variations. The result of
carbon stock in litter layer for AMF is 2.13 t ha” and this
value is larger than the findings of [33] and [42] 0.9 and
0.017 t ha' respectively; whereas it is smaller than the
findings of [30] and [43] 5.26 and 4.95 t ha respectively.
The result of carbon stock in litter layer for AMF is 2.13 t ha’
"and this value is larger than the findings of [33] and [42] 0.9
and 0.017 t ha™' respectively; whereas it is smaller than the
findings of [30] and [43] 5.26 and 4.95 t ha' respectively.

Total C and CO,e by Land Cover Classes

1000
900
800
700
600
500
400
300
200
100

0

m Total Carbon ton/ha

M Total ton CO2e/ha

ton per hectare

AAW AMF coL

Land cover classes

AAGL

Figure 4. Total carbon and carbondioxide equivalent of different zones/ land
cover

3.3. Carbon Stock and Tree Species Diversity

Biodiversity is one important issue in the management of
forests for carbon dioxide sequestration and carbon stock
purposes. It is generally required if there is direct relationship
between diversity and carbon stock, so that the carbon stock
management and biodiversity conservation can go hand in
hand. However, there is no general conclusion reached at so
far regarding biodiversity and carbon stock relation. As it is
seen in figure 5 below, a linear regression between Shannon-
wiener diversity index and total carbon and AGC was
calculated for the observations within the AMF land cover
and as such no clear and strong relationship was seen for the
total C (R* = 0.242), but it appeared that the stored carbon
tends to decrease as the Shannon diversity index increases.
The relation seems to be stronger (R* = 0.337) for Shannon
diversity index and AGC in AMF. The more diverse the
forest implies less carbon stock. The AMF has the highest
carbon stock per hectare. This could be due to the fact that in
the AMF zone, there are big trees which occupy the upper
canopy and discourage other trees not to grow. In addition,
the larger tree sizes are the fewer in number so that reducing

the diversity index. In this context, it is important that some
gap is created in the AMF zone either naturally or artificially
so that biodiversity is promoted, which has direct side effect
on the carbon stock. The diversity index was not calculated
for the AAWL zone since in almost all the plots only one tree
species, Erica arborea, was observed. In fact, the relation
between tree species diversity and amount of carbon stored
needs to be studied in detail and case by case using more
robust data. So far some researchers studied the issue, but
their findings vary and might be difficult to draw a general
conclusion. For instance, [10] reported that forest carbon
storage depends on species composition and on the way in
which species are lost. [31] in their study of tree species
diversity and AGB revealed that there is a complex and
highly variable relationship between biomass and species
diversity within Central African rainforests. Some plots with
high diversity have relatively low biomass, and some plots
with low diversity had high biomass.

000.00 1 # Total Carbon
500.00 - * B Aboveground Carbon
2
g 400.00 -
1
=
~ 300.00 A . g
2 * /=-108 5x+ 4338
B 0 * y=-108.5x+ 433.
5 ] )
5 20000 .\-\.\° R*= 0242
<
100.00 9 .3 % s106x+ 2536
. . RZ= 0337
0.00 T T T S
050 1.00 1.50 2.00 2.0
Shannon Diversity Index

Figure 5. Relationship between carbon and tree species diversity for the
AMF land cover.

4. Conclusion

Consensus over climate change phenomena is reached
globally and a wide range of adaptation and mitigation
measures have been taken. Enhancing carbon sequestration
potential of forests and other similar land use or land cover
zones is one of the feasible mitigation measures. Hence,
carbon sequestration within protected areas is a valuable
resource of GHG removals which would not be available if
these protected areas were converted to other land use types.
Even though, the management of the SMNP has strongly
oriented towards the protection of wildlife and their habitat,
there is high potential to address the climate change adaptation
and mitigation issues as it still holds huge forest area that has
ample carbon stock. In the study area land cover change
dynamics is very much significant. It was found that there is an
annual degradation of 73ha and 251.3ha in the AMF and
AAWL zones respectively. AMF zone has high stock of carbon
particularly in the AGB and the highest tree species diversity
with different storey structure. The AAGL zone holds large
carbon stock in the soil and grass species diversity. Therefore,
conservation of these zones in particularly and protected areas
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in general is relevant in meeting double objectives of emission
reduction from deforestation and also carbon sequestration as
well as biodiversity conservation. Detailed investigation with
robust data from other similar protected areas would reinforce
these findings.
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