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Introduction
Increasingly convincing evidences show that the Earth is getting 

warmer. Global warming could have serious effects on human being 
and in the future this situation become more serious [1]. Atmospheric 
concentration of CO2; primary and the best studied and effective 
greenhouse gas is continuously increased through time and changes 
the earth’s climate. This is true in Ethiopia, climate change affect human 
being including the surrounding environment. Ethiopia is one of the 
countries that have significant amount of forest resources. The forest 
and woody vegetation of Ethiopia play an important environmental 
role in sequestering anthropogenic atmospheric carbon. The largest C 
store is found in the woodlands (45.7%) and the shrub lands (34.4%) 
[2]. Different literature indicates the carbon estimation for Ethiopia 
such as Brown [3] reported a carbon density of 101 tons per ha for high 
forests in Ethiopia, 2.5 billion tons in 2005 reported by Sisay [4] and 
867 million tons by Gibbs and Brown [5]. Carbon sequestration from 
atmosphere can be advantageous from both environmental and socio-
economic perspectives. The vegetation of tropical forest is a large and 
globally significant storage of carbon because tropical forest contains 
more carbon per unit area than any other land cover. According to 
Kumar [6] although changes in species composition and distribution, 
biodiversity and community structure along topographic gradients 
have been well documented in the past few decades but altitudinal 
patters of C storage in forest ecosystems remain poorly studied. This 
is true in Ethiopia there has been very limited forest carbon stock 
study by considering environmental factors that affect carbon stock. 
Gedo forest is one of Ethiopia’s forests which have tremendous role 
for stocking carbon within their biomass and soil. This contributes a 
lot to mitigate climate change but carbon stocking process could be 
influenced by different topographic features. There is no scientific 
study that shows topographic influence and variation on carbon stock 
amount. Therefore this study shows and proves scientifically the role of 
slope and slope aspect on the amount of forest carbon stock. 
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Materials and Methods 
Description of study area

Gedo Forest is located in Cheliya District, West Shewa Zone of 
Oromia National Regional State. The district has altitudinal range of 
1300-3060 m.a.s.l as cited in [7]. The study area lies approximately 
between latitudes 9°01` and 9° 09` North and longitudes 37°15` and 
37°27` East (Figure 1). It is one of the national forest priority areas 
of Ethiopia. It covers the total area of above 10,000 hectare [8]. The 
Meteorological data obtained from Addis Ababa National Meteorology 
Service Agency indicated that Gedo area have mean annual 
temperature ranges from 11°C to 19°C with a mean of 15°C. According 
to Meteorological data obtained for Gedo area, annual rainfall in the 
forest area is between 500 mm and 1500 mm and has mean annual 
rainfall of 1054 mm. According to [9] study, in Gedo forest dominated 
by Olinia rochetiana, Olea europaea subsp. cuspidata, Prunus africana, 
Ekebergia capensis, Allophylus abyssinicus, Syzygium guineese subsp. 
Afromontanum, Ficus sur, Podocarpus falcatus species. 

Methodology

Delineation and stratification of study area: According to 
Bhishma [10] the first step in forest carbon measurement is delineation 
of the study boundaries. The spatial boundaries of the study area 
were clearly defined and properly recognized to facilitate accurate 
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Abstract
Tropical forests have the largest potential to mitigate climate change amongst the world’s forests through 

conservation of existing carbon pools and expansion of carbon sinks . Ethiopia is one of tropical country which has 
significant forest resource but the studies on carbon stock variation along environmental variables have not been well 
studied. This study was done with the aim of assessing carbon stock amount variation along slope and slope aspect 
gradient in Gedo forest. Data was collected from 10 m × 20 m plot along transect in systematically stratified forest part. 
The largest total mean carbon stock (570.67 ± 40 ton ha-1) was found in lower slope class and the lowest total mean 
carbon stock (421.2 ± 56.2 ton ha-1) was found in higher slope class. The deadwood biomass was only found in lower 
slope class. The highest mean total carbon stock was calculated in east slope aspect (778.13 ± 75.93 ton ha-1) and 
the lowest mean total carbon stock was calculated in south west slope aspect (358.58 ± 73.45 ton ha-1). Slope has 
significant effect on leaf litter biomass carbon. Slope aspect has significant effect on aboveground biomass and below 
ground biomass carbon, soil organic carbon and total carbon density. Based on overall result it is concluded carbon 
stock in a forest ecosystem is determined by slope aspect and slope gradient.
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measuring, accounting and verification. For this study GPS tracking 
were used for boundary delineation. The study area stratification 
was done base on slope classification as lower slope (0-10%), middle 
slope (11-23%) and higher slope (24%) and slope aspect was another 
topographic parameter considered in the study and classify into eight 
slope aspect as E (East), NE (North East), N (North), W (West), NW 
(North West) SE (South East), S (South) and SW (South West).

Sampling techniques and field carbon measurement: Systematic 
sampling method was used to take samples. Sample plots were laid 
along line transects based on lope variation of the study area. A 
systematically assigned sampling plot of 10 m × 20 m (200 m2) in each 
site was established. To reveal the tree composition and biomass, all 
live trees with a diameter ≥ 5 cm within the plot were measured by 
using diameter tape [10].

Field carbon stock measurement and estimation:

i. Aboveground tree biomass (AGB) carbon: The DBH (at 1.3 m) 
and height of individual trees greater than or equal to 5 cm DBH were 
measured in each rectangular plot, starting from the edge and working 
inwards.

The equation to be used to calculate the above ground biomass is 
given below:

Y= 34.4703 - 8.0671(DBH) + 0.6589(DBH2) (1) 

Where, Y is above ground biomass in kg., DBH is diameter at 
breast height in cm. The carbon content in the biomass were estimated 
by multiplying 0.47 while multiplication factor 3.67 needs to be used to 
estimate CO2 equivalent [11].

ii. Belowground biomass (BGB) carbon: To measure BGB, It was 
used root-to-shoot ratio, which has become the standard method for 
estimating root biomass from the more easily measured shoot biomass. 
The equation developed by MacDicken [12] to estimate below-ground 
biomass was used. 

The equation is given below: 

BGB=AGB × 0.2                   (2)

Where, BGB is below ground biomass, AGB is above ground 
biomass, 0.2 is conversion factor (or 20% of AGB).

iii. Leaf litter biomass carbon stock: At the center and each corner 
of each Rectangular plot, Five 1 square meter sub plot of in size were 
established. the leaf litter within the 1 m2 sub plots were collected and 
weighed. Hundred grams of evenly mixed sub-samples were brought 

to the laboratory placing in a sample plastic bag to determine moisture 
content, from which total dry mass and organic matter can then be 
calculated [10]. After laboratory work carbon stock at each plot in ton/
ha was calculated by using appropriate allometric equation. 

According to Pearson [11], estimation of the amount of biomass in 
the leaf litter can be calculated by:

( )
( )

_      1* * 
_   10,  000

=
Wsub sample dryWfieldLB

A Wsub sample beforedry
                    (3)

Where: LB=Litter (biomass of litter t ha-1);

Wfield=weight of wet field sample of litter sampled within an area 
of size (g);   

A=size of the area in which litter were collected (ha);

W sub-sample, dry=weight of the oven-dry sub-sample, and 

W sub-sample, before dry=weight of the fresh sub-sample of litter 
taken to the laboratory to determine moisture content (g).

Carbon stocks in dead litter biomass;

CL=LB × % C                    (4)

Where, CL is total carbon stocks in the dead litter in t ha-1, % C is 
carbon fraction determined in the laboratory [11].

iv. Dead wood biomass carbon: According to [11], for standing 
dead wood which have branches were measured similar to the biomass 
estimation allometric equation of above ground biomass. If it is less 
than 1.3 m tall, the diameter and height was measured as close as 
possible to the top and considered as logged trees. When standing 
dead wood have not leaves, there was a subtraction of 5-6 percent for 
softwood/conifer species and 2-3 percent of hardwood/broadleaved 
species for their branches [11]. Most of the existing species were conifer 
species, and hence 5-6 percent reduction from the total above ground 
biomass of each tree provided estimates of the deadwood carbon stock. 
The allometric equation confirmed in REDD methodology were used 
to estimate the amount of biomass in standing dead wood.

2
0
1/ 3( / 200) *

=
= ∑ n

i
BSDW D h s                      (5)

Where, biomass is expressed in kg, h=length (m), D=tree diameter 
(cm) and s=specific gravity (g cm-3) of wood. According to Hairiah [13] 
specific gravity (g cm-3) of wood is estimated as 0.5 g cm-3 as default 
value.

The total biomass of dead wood were obtained by adding the 
biomass of standing dead wood which have branch and standing 
biomass of wood which have no branch. 

TBDW=SBDWB+ SBDWN                   (6) 

Where: TBDW= Total Biomass Dead Wood 

SBDWB=standing biomass dead wood branched 

SBDWN=standing biomass dead wood non branched 

Then the carbon content in dead wood is calculated by multiplying 
total biomass of dead wood with the [14] default carbon fraction of 
0.47.

v. Soil organic carbon: Soil samples for soil carbon determination 
were collected at the same sampling sub-quadrats recommended for 
litter sampling. From the center and corner of each plot a pits of up 
to 30 cm in depth were dug to best represent forest. Hundred grams 

 

Figure 1: Map of the study area.
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of composite sample were collected from one plot from three depths 
(0-10 cm, 10-20 cm and 20-30 cm) by digging the soil with the help 
of standardized metal soil sampling auger. The soil samples collected 
from plot were brought to the laboratory.

According to [11], soil organic carbon estimated by the formula:

SOC=BD * d * % C                 (7)

Where, SOC= soil organic carbon stock per unit area (t ha-1), 
BD=soil bulk density (g cm-3),

D=the total depth at which the sample was taken (30 cm), and 

%C=Carbon concentration (%).

vi. Total carbon stock density: The carbon stock density is 
calculated by summing the carbon stock densities of the individual 
carbon pools using the [11] formula;

Carbon stock density of a study area:

C density=CAGB + CBGB + C Lit + CDWD +SOC                  (8)

Where: C density=Carbon stock density for all pools [t C ha-1]

C AGTB=Carbon in above -ground tree biomass [t C ha-1]

CBGB=Carbon in below-ground biomass [t C ha-1] 

C Lit=Carbon in dead litter [t C ha-1]

CDWD=Carbon in dead wood biomass [t C ha-1]

SOC=Soil organic carbon [t C ha-1] 

The total carbon stock is then converted to tons of CO2 equivalent 
by multiplying it by 44/12 or 3.67 [15].

Data analysis 

The data obtained from DBH, Basal area, height, density and 
frequency of each species, fresh weight and dry weight of litter, dead 
wood and soil were analyzed by using Statistical Package for Social 
Science (SPSS) software version 20. The height and diameter data 
were arranged in classes for applying appropriate model of biomass 
estimation equation. Descriptive statistics were used for measured 
parameters. The significant of each measured parameter were tested 
by one way ANOVA and post-hoc test at αof 0.05 to perform pairwise 
comparison of means and yield significant results. Pearson correlation 
was used to test the relationship between forest carbon stock with 
topographic variables. 

Results and Discussion 
Results 

Forest carbon stocks along slope gradient: It was observed that 
the higher AGB and BGB carbon was estimated in the lower slope class 
with mean total of 324.79 ± 32.59 ton ha-1 and 64.95 ± 6.51 ton ha-1, 
respectively. The lower AGB and BGB carbon was estimated in higher 
slope class with the mean of 187.49 ± 40.2 ton ha-1 and 37.49 ± 8.04 ton 
ha-1 carbon, respectively. On the other hand, the higher carbon in litter 
biomass was estimated in the middle slope class with the mean total of 

0.41 ± 0.05 ton ha-1 and the lower litter biomass carbon was computed 
in higher slope class. The deadwood biomass carbon only observed 
and calculated in the lower slope class with the mean total of 5.088 ± 
2.81 ton ha-1. The higher SOC estimated in lower slope class with the 
mean total of 195.87 ± 12.80 ton ha-1 and the lower was estimated in the 
higher slope class with the mean total of 175.42 ± 7.83 ton ha-1 (Table 1). 
Based on the total carbon stocks the ranks was ordered as lower slope > 
middle slope > higher slope. 

Based on one way ANOVA analysis, Slope has significant 
difference on leaf litter biomass carbon (F=7.942; P=0.000). And post 
hoc test indicates that the mean comparison difference was significant 
at α of 0.05. On the other hand, in the other carbon pools there was no 
significant effect (Table 2).

Forest carbon stocks along slope aspects variation: As shown in 
Table 3 below, the higher AGB and BGB carbon was computed in NE 
facing with total mean of 353.74 ± 44.7 ton ha-1 and 70.74 ± 8.94 ton 
ha-1, respectively. The lower total means of AGB carbon (141.84 ± 33.93 
ton ha-1) and BGB carbon (28.36 ± 6.78 ton ha-1) was estimated in SW 
facing. Even if they have a slight difference in leaf litter biomass carbon 
stock, the higher mean value was calculated in E and NE facing. On the 
other hand, the lower litter biomass carbon stock observed in S facing. 
The deadwood biomass carbon computed in S, E and NW direction 
and out of this the highest deadwood carbon stocks observed on S 
aspect with means of 14.64 ± 13.94 ton ha-1. The lowest value observed 
on E aspect with means of 2.76 ± 2.38 ton ha-1. The highest SOC stocks 
calculated in the E aspect with mean total of 240.66 ± 10.5 ton ha-1. 
The lowest SOC stock calculated in SE aspect with the total means of 
120.33 ± 7.83 ton ha-1. The highest total carbon stock was calculated in 
E aspect with the mean total of 778.13 ± 75.93 ton ha-1 and the lower 
was calculated as SW aspect with means of 358.58±73.45 ton ha-1. The 
total carbon stocks at each aspect ranks as follow: E > NE > N> W > 
NW > SE > S > SW. One way ANOVA table shows that aspect slope has 
significant effect on AGB and BGB carbon (F=3.157; P=.006). It also 
has significant effect on SOC pool (F=6.438; P=.000) and total carbon 
density (F=6.438; P=.000). And post hoc test was indicated that there 
was significant mean difference at α of 0.05. But in other carbon pool it 
does not show significant values (Table 4).

Correlation of carbon stock with slope and slope aspect

i. Correlation of carbon stock with slope: As Table 5 shown 
below, It was observed that Slope shows inverse weak relationship with 
AGB and BGB carbon (R=-.292; P=.011) at α of 0.05. And similarly has 
weak inverse relation with deadwood biomass carbon pool (R=- 0.257; 
P=0 .026), litter biomass carbon (R=-232; P=0.04) and total carbon 
density (R=-.258; P=.0.26) at α of 0.05. And there was no significant 
correlation with SOC stock. 

ii. Correlation of carbon stock with slope aspect: It was 
observed that slope aspect shows significant positive correlation with 
AGB and BGB carbon (R=.340; P=.003) also with SOC pool (R=0.501; 
P=.000) and total carbon density (R=.427; P= .000) at α of 0.01. On 
the other hand, slope aspect does not show significant correlation with 
leaf litter biomass carbon pools and deadwood biomass carbon pool 
(Table 6).

Slope class No of plot C.AGB C.BGB C.LB C.DWDB C.OS Total C.
Lower 35 324.79 ± 32.59 64.95 ± 6.51 0.4 ± 0.008 5.088 ± 2.8 195.87 ± 12.8 570.67 ± 40
Middle 24 279.4 ± 45.9 55.88 ± 9.19 0.41 ± 0.05 0 187.62 ± 13 523.34 ± 56.
Higher 16 187.49 ± 40.2 37.49 ±  8.04 0.37 ± 0.037 0 175.42 ± 7.8 421.2 ± 56.2

Table 1: Estimated carbon stock (ton ha-1) along slope variation at each carbon pool.



Citation: Yohannes H, Soromessa T, Argaw M (2015) Carbon Stock Analysis along Slope and Slope Aspect Gradient in Gedo Forest: Implications for 
Climate Change Mitigation. J Earth Sci Clim Change. 6: 305. doi:10.4172/2157-7617.1000305

Page 4 of 6

Volume 6 • Issue 9 • 1000305
J Earth Sci Clim Change 
ISSN:2157-7617 JESCC, an open access journal 

Discussion 

Carbon stock amount along environmental gradients: The 
present study revealed distinct pattern of variation of carbon stock in 
each pools although the variation has not significant difference except 
in litter biomass carbon. It has weak inverse relation with AGB, BGB, 
LB, DWD carbon and total carbon density of the forest. AGB carbon, 
BGB carbon and total carbon density trend shows decrease as slope 
class increases. Similar result was found by Adugna [16] study on Egdu 
forest. According to Maggi [17] Very steep slope areas contain little 
vegetation cover compared to low slope areas. On the other hand, study 
on Chilimo forest reported by Getu [18] revealed that AGB and BGB 
carbon tends to increase with slope. In this study, SOC also decreases 
as slope increases. Similar result was reported [16,19]. According to 
Barthes [20] Steep slope increase potential of material to move down 
and cause erosion, this idea also supported by Castillo-Santiago [21] 
soils that are found in steep slope are more vulnerable to erosion. 
Hancock [22] study on tropics forest of Australia found that vegetative 
biomass was a strong contributor to soil organic carbon concentrations. 
Therefore, the present study high SOC in lower slope class might be 
due to tree species diversity and canopy, litter fall accumulation and 
less erosion rate. 

Litter biomass carbon show no smooth pattern, more in the middle 
slope and lower in the higher slope. The trend of leaf litter biomass 
carbon might be related with less accumulation of litter fall in steep 
slope due to canopy cover and slope character. High litter biomass 
carbon in the middle slope might be due to position of stand; middle 
slope area found just below undisturbed stand, which has good canopy 
cover. Thus, the litter fall from this stand goes down and accumulated 
at the bottom location. Slope aspect another topographic factors that 
induced microclimatic differences which could be an important factor 
for the significant variations in carbon stock of the forest. Aspect can 
have a strong influence on temperature. This is because aspect affects the 
angle of the sun rays. Due to the position of sun radiation, the seasonal 
cycle of climate differs between N and S facing slopes and between 
steep and gentle slopes [23,24]. In the present study, all carbon pools 
revealed various distributions within different slope aspect and it has 
significant effect and positive correlation with AGB and BGB carbon, 
SOC and total carbon density. Studies reported [24-28] reported that 
higher values of tree biomass and carbon stocks on N aspect and mostly 

S aspect is hotter and dryer. N facing slope has less sunlight and in 
turn has increased moisture levels and greater tree vegetation growth 
and cover resulting in more organic matter. On the other hand [18] 
reported that high AGB and BGB carbon found in E facing and the 
lowest was found in the N facing. In the present study, the highest AGB 
and BGB carbon observed on NE aspect and the lowest was on SW 
and S. This might be related to temperature, moisture availability and 
unequal solar radiation distribution in N and S aspect and as well as 
might be due to the presence of large biomass trees in north aspect 

Parameter Carbon pools F- Value P-Value

Slope  Gradient

C.AGB 2.645 .078
C.BGB 2.645 .078
C.LB 7.942 .000

C.DWDB 1.843 .166
C.OS .894 .413

Table 2: Summary of significant values of slope gradient carbon stock at each pool. Bold value is significant at the p<0.05 level.

Slope 
Aspect 

plot C.AGB C.BGB C.LB C.DWDB C.OS Total Carbon

SW 6 141.84 ± 33.9 28.36 ± 6.78 0.4 ± 0.09 0 127 ± 5.69 358.58 ± 73.45

S 5 192.03 ± 62.2 38.40 ± 212.4 0.33 ± 0.56 14.64 ± 13 176.2 ± 20.46 361.57 ± 49.62
SE 6 250.2 ± 74.39 50.03 ± 14.87 0.41 ± 0.05 0 120.33 ± 7.83 420.98 ± 89.74
W 11 203.34 ± 64.3 40.66 ± 12.86 0.39 ± 0.06 2.76 ± 2.38 182.81 ± 19.1 429.96 ± 74.46

NW 11 192.64 ± 63.7 38.53 ± 12.75 0.4 ± 0.006 6.76 ± 6.16 184.18 ± 12.9 421.64 ± 85.62
N 10 223.65 ± 67.3 44.73 ± 13.47 0.36 ± 0.05 0 198.7 ± 17.82 467.42 ± 78.38

NE 14 353.74 ± 44.7 70.74 ± 8.94 0.42 ±  0.007 0 178.57 ± 8.66 603.49 ± 50.71
E 12 224.78 ± 64.8 89.50 ± 12.97 0.43 ± 0.005 0 240.66 ± 10.5 778.13 ± 75.93

Table 3: Estimated carbon stock (ton ha-1) with different aspect at each carbon pools.

Parameter Carbon pools F-Value P-Value

Slope Aspect
C.AGB 3.157 .006
C.BGB 3.157 .006
C.LB 1.914 .081
C.DWDB 1.363 .236
C.OS 6.438 .000
Total C. 4.386 .000

Table 4: Summary of significant value of slope aspect at different carbon pools. 
Bold value is significant at  the p<0.05 level.

Parameter Carbon pools R- Value P-Value

Slope Gradient

C.AGB -.292* .011
C.BGB -.292* .011
C.LB -.232 .04*

C.DWDB -.257* .026
C.OS -.167 .153
Total C. -.258* .026

Table 5: correlation of each carbon pools with slope gradient. *. Correlation is 
significant at the 0.05 level (2-tailed).

Parameter Carbon pools R- Value P-Value

Slope Aspect 
Gradient

C.AGB .340** .003
C.BGB .340** .003
C.LB .127 .276
C.DWDB -.150 .199
C.OS .501** .000
Total C. .427** .000

Table 6: correlation of each carbon pools with slope gradient. 
**. Correlation is significant at the 0.01 level (2-tailed).
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because of favorable climatic condition and most of the north aspect 
was gentle and slightly sloppy area than south aspect. The deadwood 
biomass carbon shows high total mean in south aspect and lower in east 
aspect. This is may be due to the presence of more human disturbance 
in S slope aspect. Although Getu [18] found that higher litter fall in N 
aspect and lower in E aspect. The higher litter fall in S aspect and lower 
in N aspect was found [16,26]. The present study found that high litter 
fall biomass carbon found in E and NW aspect and lower amount was 
found in S facing. This might be related to the presence of tree species 
that produce more leaf foliage, favorable temperature and precipitation 
and low disturbances. Aspect has significant influence on SOC [27-
31]. This was similar to the present study which aspect show highly 
significant effect on SOC. Higher SOC was found E aspect which was 
similar of litter fall carbon pool and total carbon density and lowest SOC 
was found in SE and SW aspect. W and S facing slopes are generally 
warmer and E and N facing slope has lower temperature [32,33]. This 
could have an effect on organic matter turnover, photosynthesis and 
species composition. Since decomposition depends on temperature 
and moisture it results in variation of SOC stock. The probability for 
high soil carbon stock in E aspect might be due to climatic condition, 
litter fall accumulation, rate of decomposition and density of stems. 
Low SOC in S aspect mainly due to dry soil surface, hence less soil 
moisture and nutrient. This result has some similarity with Olsson [34] 
reported that low SOC in S aspect. Likewise it was also found high SOC 
in N aspect [16,26,28,32,35]. On contrary Misir [31] found more SOC 
in S aspect and lower in N aspect. 

Conclusion 
This study concludes that different environmental variables has 

tremendous role for the variation of carbon stock amount in the 
forest. Each carbon pool shows variation along these environmental 
gradients (slope and slope aspect). Slope aspect plays a key role in both 
aboveground and belowground carbon pool account. This is related 
with the distribution of productive stem density within the forest. Slope 
also has its own role especially in leaf litter biomass carbon storage. In 
general, Mountain forest mostly affects by environmental variables due 
to change in species structure and composition.
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