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Abstract
The present study estimates carbon stocks (C-stocks) of the Oak scrub forest of Sheringal valley
through field inventory. Stem density (ha−1), tree height (m), basal area (m2∙ha−1), stem volume
(m2∙ha−1), stem biomass (t∙ha−1), total biomass (t∙ha−1), and total C-stock (t∙ha−1), were calculated.
Stem density varied between 80±8.16 to 510 ± 42 trees ha−1, with a mean value of 226 ± 7 tress
ha−1. The average tree height, basal area and stem volume were 5.47 ± 0.76 m, 12.82 ± 0.25 m2∙ha−1
and 46.37 ± 0.85 m3∙ha−1 respectively. The total calculated stem biomass was 32.46 ± 0.60 t∙ha−1
and total tree biomass was 51.61 ± 0.60 t∙ha−1. The calculated C-stocks in the Oak scrub forest
ranged from 2.005 ± 1.32 t∙ha−1 to 63.1 ± 3.34 t∙ha−1 and the mean C stocks was 25.80 ± 0.47 t∙ha−1.
The results of the study confirmed that the Oak scrub forest acts as a valuable sink of carbon, but
this valuable storage factory of carbon faced the problems of excess uses for fuel wood, forage,
domestic uses (mostly for construction) and unscientific management. Proper scientific management and proper utilization of the forest can be significant measures to enhance the potential of
the forest to stored and sink more carbon and can be included for CDM and REED++ under Keyto
protocol.
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1. Introduction

Various human activities like land use change, fossil fuels burning, and deforestation increase the concentration
of carbon dioxide in the atmosphere and cause the problem of climate change and global warming. The concentration of carbon dioxide increases from 280 ppm (pre-industrial time) to 398.79 ppm (NOAA, 2013; Sharma et
al., 2011). The IPCC in its fourth assessment report recommended for serious measure to check the problem of
global warming to coup the serious ecological, social and economic consequences (IPCC, 2007; Kerr, 2007;
Sharma et al., 2011). Terrestrial ecosystem, oceans, atmosphere and geological reservoirs are main components
of global carbon cycle. Among terrestrial ecosystem forest ecosystem has the significant potential to store and
sink carbon and therefore globally forest are consider a potential tools to mitigate global climate change (Nabuurs et al., 2007; Sharma et al., 2010).
Forest ecosystem stores 20 to 50 more carbon as compare to other ecosystems due to its woody character and
long life span (Houghton & Heckler, 1995; Nabuurs et al., 2007; Sharma et al., 2010). Forest covers 31% of the
total land area, about 4 billion ha of the land is covered by the forest. The total estimated growing stock of the
world forest is 527 billion m3, while the total stored carbon in world forest is 650 billion tons (FAO, 2010). Under the Keyto protocol (1997) in a forest ecosystem carbon should be measured in different carbon pools that includes carbon store in above ground biomass, below ground biomass, dead wood, litter and soil. In order to
measure the carbon in a forest the biomass data of the forest is required (Esser, 1984). For the estimation of
above ground biomass in a forest the growing stock volume is the required parameter (Hame et al., 1992). Being
a member of the Keyto protocol the store carbon in the different forest types of Pakistan will be evaluated. In
Pakistan the forest department conducts inventory on regular basis for the measurement of the growing stock in
the shape of working plan and can be used to assessed carbon stock, but these estimates can be error prone
(Nizami, 2010; Raqeeb et al., 2014).
The present study was conducted in the Oak scrub forest (Quercus baloot Griff) of the Sheringal valley. In
Pakistan Oak scrub forest is distributed in Dir, Chitral, Gilgat, and Swat. No scientific study has been conducted
in Pakistan regarding the growing stock, biomass and carbon stocks measurement of the oak scrub forest. The
present study provides detail information and field protocol regarding growing stock, biomass and carbon stock
assessment in the Oak scrub forest. The aim and objectives of the study were to described tree height, (m), Stem
density (ha−1), diameter (cm), basal area (m2∙ha−1), volume (m3∙ha−1), and biomass and carbon stock (t∙ha−1) in
the Oak scrub forest of Sheringal valley.

2. Materials and Methods
2.1. Study Site
The present study was carried out in Oak scrub forest (Quercus baloot Griff) of the Sheringal valley. Sheringal
valley is situated in the North East of District Dir upper, about 36 km from the main G.T road of Dir-Chitral.
The total area of Sheringal valley is about 870 km2. Temperature ranges from 0.7˚C to 32˚C. The mean annual
rainfall varied between 700 mm to 1300 mm. For the present study two study sites namely; Shaoor and Dophi
were selected. The elevation of the Shaoor (study site I) ranges from 1371 m to 1981 m while Shaoor lies at
35˚16'16.10"N to 35˚15'50.35"N and 72˚00'24.66"E to 71˚57.54'39"E, and the elevation of the Dophi (study site
II) ranges from 1371 to 2000 m while the study site locates at 35˚16'16.10"N to 35˚15'48.3"N and 72˚00'24.66"E
to 72˚01'48.76"E. T

2.2. Research Design
For the present research stratified random sampling design was used. The area including of Pure Oak Forest
(POF) was divided into two study sites (Shaoor & Dophi). Each study site was divided further into two stratums.
Stratum one comprises on those sites which were located near or with in local community and stratum two comprise on those forest areas which were located away from local community. The base for stratification was location of the forest, the density and cover of the forest. In each study site 20 samples plots were taken randomly
(10 in each stratum). The size of each sample plots was 0.1 ha. Over all 40 sample plots were taken in the POF.
For data collection different instrument like Calliper, diameter taps, Abneys levels, Staff rods, Ranging rods,
GPS, Taps and ropes were used. Diameter of each tree in every plot was measured by diameter tap at two
point’s i.e. At basal point and at point where the first branch starts. Height of the tree was measured by staff road
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(5 m in length) and Abneys level.

2.3. Measurement of Volume
For the estimation of stem volume (m3∙ha−1), Height of tree in meter and tree diameter (cm) was recorded for
each tree. The following formula was used to measured tree volume

( )

V m3 = A × H × ff
−1

V = Stem volume (m ∙ha ), H = Height of tree in meter, A = Cross-sectional area and FF = Form factor.
For the present study the form factor for each tree in the respective diameter class was calculated.
3

2.4. Measurement of Biomass
The stem biomass (t∙ha−1) was calculated from volume (m3∙ha−1) and basic wood density (kg∙m−3). The value of
Basic wood density (BWD) was sourced from available literature (Haripriya, 2000; IPCC, 2006). The following
formula was used to estimate stem biomass.
Stem biomass (Kg) = Stem volume (m3) × Basic wood density (kg∙m−3)
The total biomass (t∙ha−1) was obtained from the relationship of stem biomass (m3∙ha−1) and biomass expansion factor. The Biomass expansion factor (BEF) was taken as 1.59. That has been used by Haripriya, (2000) for
total biomass calculation of the broad leaved species in India.
Total biomass (t∙ha−1) = Stem biomass (t∙ha−1) × Biomass expansion factor (BEF).

2.5. Calculation of C-Stocks
The total C-stock in above the ground biomass was calculated by using conversion factor of 0.5. This conversion
factor was multiplied with total biomass (t∙ha−1) and total carbon stocks (t∙ha−1) was estimated. This conversion
factor has been globally used by (Roy et al., 2001; Brown & Lugo, 1982; Malhi et al., 2004; Nizami, 2012; Adnan et al., 2014).

3. Results and Discussions
3.1. Characteristics and Growing Stock Volume
The stem density tree height, basal area and stem volume was measured details of which is given in Table 1.
Stem density of the study site ranges from 80 ± 8 to 510 ± 42 trees ha−1. The mean stem density of the study area
was 226 ± 7 tress ha−1. In present study it was found that there is great variation in stem density (ha−1). The value of CV (66.26%) also showed variation in the stem density (ha−1). The Oak forest of the study area belongs to
the local community. The community use the forest for the purposes of fuel wood, forage and other domestic
uses like construction of their houses and agriculture tools. The Oak forest of the study site can be categorized
into three groups; the forest near to the local community; the forest surrounded by the local community and the
forest that are located away from local community (mostly on high altitude). For the present study sample plots
were taken in all these three groups. So those sample plots that were taken from the forest that were located near
to the local community and surrounded by local community have lower density (ha−1). The reason of lower density in these study sites are the more use of forest for fuel wood, forage and other domestic uses. While those
Table 1. Distribution of Stem density (ha−1), tree height (m), basal area (m2∙ha−1), stem volume (m3∙ha−1) in the respective
diameter (cm) classes.

Density (ha−1)
Height (m)
−1

Basal area (m ∙ha )
2

−1

Volume (m ∙ha )
3

Diameter
8 - 20 cm

Diameter
21 - 34 cm

Diameter
35 - 48

Diameter
49 cm and above

Total

CV %

107

81

29

9

226 ± 6.86

66.26

4.68

5.03

5.61

46.42

5.47 ± 0.76

20.27

1.99

4.87

3.67

2.28

12.82 ± 0.25

58.77

6.2

15.66

13.9

10.6

46.37 ± 0.85

53.62
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forest which were located away from the community or located at high altitude have more density because of
less disturbance received from the local population in terms of fuel wood and forage and domestic uses.
Stem density decreases with increase in stem diameter (Adnan et al., 2014; Adnan & Nizami, 2014; Nizami,
2012). In present study the relationship between Stem density (ha−1) and stem diameter (cm) was established.
The relation of stem density (ha−1) and stem diameter (cm) is presented in Figure 1. The relation of Stem density (ha−1) and stem diameter (cm) is Polynomial, Cubic. The value of R2 is 0.78.
Height in present study ranges from 4.19 m at 8 cm diameter to 6.83 m at 64 cm diameter. The mean height
was recorded as 5.47 m ± 0.76. Sheikh, (1993) reported the height of the Quercus baloot from 2 m to 12 m. Tree
height is the function of diameter. The height (m) of tree has a direct relation with the diameter (cm) of tree.
Tree height increases with increase in diameter (Ahmad, S., Ahmad, A., & Nizami, 2014). In present study it
was found that the height of the tree increases with increase in stem diameter (Figure 2). To study the relation of
stem diameter (cm) and height (m) a regression model was developed (Figure 2). The relation of stem diameter
(cm) and tree height is Polynomial, Cubic. The value of R2 is 0.8578.
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Figure 1. Relationship between tree Diameter (cm), Stem density ha−1 and tree height (m). Equation: Polynomial, Cubic, R2=
0.78. f = −0.7640 + 2.01 × x + (−0.073) × x2 + 0.0007 × x3.
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Figure 2. Relationship between tree Diameter (cm), Stem density ha−1 and tree height (m). Equation: Polynomial, Cubic, R2 =
0.86. f = 3.62 + 0.097 × x+ (−0.0021) × x2 + 2.1925E−005 × x3.
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The basal area of the Oak scrub forest ranges from 1.13 ± 0.66 to 29.90 ± 1.47 m2∙ha−1. Over all the mean
basal area was 12.82 ± 0.25 m2∙ha−1. The minimum basal area of 0.05 m2∙ha−1 was recorded for 8 cm diameter
class at stem density of 10 tree ha−1 while the maximum basal area of 0.99 m2∙ha−1 was recorded for 30 cm diameter at stem density of 14 trees ha−1. The present finding of basal area (m2∙ha−1) are similar with the results of
(Moinuddin et al., 2011) who reported a basal area of 1.47, 16 and 25 m2∙ha−1 from Hindu Kush and Himalayan
ranges of Pakistan.
The mean Stem volume of the Oak scrub forest was 46.37 ± 0.85 m3∙ha−1 (Table 1). It can be seen from the
table that the minimum volume was found in the diameter classes range from 8 to 20 cm and the maximum volume was found in the diameter class of 49 and above cm. Tree volume (m3∙ha−1) is the functional of basal area
(m2∙ha−1). With increase in basal area (m2∙ha−1) the volume (m3∙ha−1) also increases (Figure 3). According to
Figure 3 the value of volume is lowest (0.120493 m3∙ha−1) at 0.050 m2∙ha−1 basal area while the highest value of
volume is (3.109 m3∙ha−1) at 0.99 m2∙ha−1 basal area.

3.2. Stem Biomass and Total Tree Biomass
The stem biomass of the Oak scrub forest in present study varied from 2.52 ± 1.67 t∙ha−1 to 79.37 ± 4.20 t∙ha−1.
The mean stem biomass was 32.46276 ± 0.66 t∙ha−1. The minimum stem biomass was recorded in diameter class
of 8 cm and was 0.084345 t∙ha−1 while the maximum stem biomass was recorded in diameter class of 30 cm and
was 2.17 t∙ha−1. Stem biomass (t∙ha−1) and basal area (m2∙ha−1) had direct relation. With increase in the value of
basal area (m2∙ha−1) the value of stem biomass (t∙ha−1) also increases. In order to study the relationship between
the stem biomass (t∙ha−1) and basal area (m2∙ha−1) a regression model was developed (Figure 2). The value of R2
in the regression model is 0.94. The total biomass of the Oak scrub forest ranges from 4.01 ± 2.65 to 126.20 ±
6.69, while the mean total biomass was 51.61 ± 0.91 t∙ha−1.

3.3. C-Stocks of the Oak Scrub Forest
The finding of the present study revealed that the total C-stocks (t∙ha−1) ranges from 2.005 ± 1.32 to 63.1 ± 3.34.
(Figure 4) The mean C-stock of the Oak scrub forest was 25.80 ± 0.47. Table 2 and Figure 5 depicted details of
C stocks (t∙ha−1). The value of CV (%) was 53.62%. The value of CV indicated that there is great variation in the
amount of C stocks. As the amount of the C stocks in a forest depends upon the biomass of the forest. The biomass of a tree is time dependent process. Old growth forest stored more carbon due to more accumulation of
biomass (Zang et al., 2012). According to (Adnan et al., 2014) forest comprise of old age trees having large diameter resulted more biomass carbon. Similar results were reported from the present study. As it has been discussed earlier that in the study site those forest areas that were near to local community have less density and
also these areas comprise of small diameter trees so the plots which were taken in those sites have less
3.5
3.0

Stem Volume m3 ha-1

2.5
2.0
1.5
1.0
0.5
0.0

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Basal arae (m2 ha-1)

Figure 3. Relationship between Basal area m2∙ha−1, Stem volume
m3∙ha−1 and stem biomass t∙ha−1. Equation: Polynomial, Cubic, R2 =
0.94. f = −0.259 + 6.56 × x+ (−6.08) × x2 + 3.027 × x3.
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Figure 4. Plot wise mean carbon stock (ton) ha .
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Figure 5. Relationship between Basal area m ∙ha , Stem volume m3∙ha−1 and stem biomass t∙ha−1. Equation: Polynomial,
Cubic, R2 = 0.94. f = −0.18 + 4.596 × x + (−4.26) × x2 + 2.11 × x3.
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−1

Table 2. Distribution Stem biomass (t∙ha−1), total biomass (t∙ha−1), and total C stocks (t∙ha−1) in the respective diameter
classes.

Stem biomass t∙ha−1
Total biomass t∙ha−1
−1

Total carbon stock t∙ha

Diameter
8 - 20 cm

Diameter
21 - 32 cm

Diameter
33 - 44 cm

Diameter 45 cm
& above

Total t∙ha−1

CV %

5.24

10.96

9.73

7.42

32.46 ± 0.60

53.62

8.34

17.43

15.47

11.8

51.61 ± 0.60

53.62

4.17

8.71

7.73

5.9

25.80 ± 0.47

53.62

amount of carbon in there biomass. The sample plots which were taken from the forest area which were located
away from the local community had more stem density with large diameter trees that’s why those sample plots
gives more carbon.

3.4. Percentage Distribution of Stem Density, Stem Volume, Stem Biomass, Total Biomass
and C-Stocks in the Respective Diameter Classes
The present study also described the percentage distribution of stem density, stem volume, stem biomass, total
biomass and total carbon stock in the respective diameter classes. Details of the percentage distribution are given
in Table 3. The results of the table showed that in diameter class ranges from 8 to 20 cm the percentage of stem
density is maximum (47.34%) while in diameter class of 49 cm and above the percentage of stem density is
minimum (3.98). It can be concluded from the present finding that with increase in the diameter stem density
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Table 3. Percentage distribution of stem density, stem volume, stem biomass, total biomass and total carbon stock in the respective diameter class.
8 - 20 cm

21 - 34

35 - 48

49 and above

%Density

47.34513

35.84071

12.83186

3.982301

%Stem volume

13.3736

33.77912

29.98274

22.86454

%Stem biomass

15.71214

32.86357

29.17541

22.24888

%Total biomass

15.72398

32.86199

29.16667

22.24736

%Total carbon stock

15.72991

32.85553

29.15881

22.25575

decreases. Similarly the lowest percentage of volume, stem biomass, total tree biomass and total carbon stock
was recorded in the diameter class of 8 to 20 cm and the highest percentage of volume, stem biomass, total tree
biomass and total carbon stock was recorded in the diameter class of 21 to 34 cm.

4. Conclusion
The present study was aimed to find out the growing stock, biomass and carbon stock in the Oak scrub forest of
Sheringal valley. The oak forest belongs to the local community. The local community used the forest for the
purposes of fuel wood and for forage for their live stock. The finding of the present study figured out that the
Oak scrub forest stored about 25.80 ± 0.47 t∙ha−1 of carbon in their above and below ground biomass. The
present study confirmed that the Oak scrub forest is valuable sink of carbon. But this valuable storage factory
faced threats in terms of excess use of fuel wood, forage, domestic uses and unscientific management. Proper
scientific management and proper utilization of the forest, rehabilitation of degraded forest and afforestation and
reforestation can be significant measures to enhance the potential of the forest to stored and sink more carbon.
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