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Abstract
Assessment of changes in carbon stock from land use and land cover change in necessary for
carbon emissions/removals monitoring and enable countries to comply in line with the Good
Practice Guidance of IPCC. This study aimed to estimate and map the historical changes in
carbon emission and removal from land use and land cover change from 1986 to 2016 in
Sudan savannah ecological zone of Ghana. Nested plot design was applied for field
measurement, and Random forest algorithm was used to classify images. The zone was
stratified into four Districts and each District further stratified into various land use and land
cover (LULC) classes. Emission factors were determined for each LULC. Activity data were
obtained from the spatial analysis. The overall carbon released from forest degradation and
deforestation was found to be 554,684.96 Mg CO2 or 77.19% with 163,956.93 Mg or 31.84%
removed. The inter-annual changes exhibited a decrease from 1986 to 1999, 1999 to 2006 and
2006 to 2016 with value being 642,342.79, 545,125.53 and 445,142.17 Mg CO2, respectively.
More CO2 was released from forest degradation and in the area where cropland and forest have
been converted to shrub/grassland; whereas carbon was removed in the area where
shrub/grassland has been converted to cropland and/or forest land. However, more carbon was
recorded in cropland compared to forest and shrub/grassland, which explains the difference in
emission factor from carbon. Based on this finding reforestation and REDD+ implementation
will be an efficient strategy for sustainable development in the Sudan Savannah ecological
zone. In addition, farmers should be encouraged to maintain more trees on their farms to
compensate for the forest loss.
Keywords: Carbon emission and removal, Land use and land, Sudan savannah ecological zone,
Ghana
1. Introduction
Greenhouse gas (GHG) is the gas in the atmosphere which acts to trap the heat near the
Earth’s surface and enables human being to survive (Latake, 2015). The level of gases is
increasing due to anthropogenic activities (IPCC, 2014; Zhao et al., 2012). Carbon dioxide is
one of the most substantial gas (Guo et al., 2012), whose continual increase is changing the
concentration of GHG in the atmosphere and ocean (Rajendran et al., 2014). Emissions from
land use and land cover changes (LULCC) are one of the most important sources of GHG
2
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(Rajendran et al., 2014), and contributes around 33% of the total emission to the
anthropogenic carbon emissions over the last 150 years (Houghton et al., 2012). The net
carbon flux from land use and land cover change represented 12.5% of anthropogenic CO2
emissions from 1990 to 2010 (Houghton et al., 2012). Moreover, agriculture forestry and
other land use (AFOLU) sectors represent the main source of CO2 emission in Africa,
because natural resources are used as food, medicinal plant, building material (FAO, 2014).
The CO2 equivalent from AFOLU sectors represented an average of 55% for West and
Central Africa (FAO, 2014). Greenhouse gas (GHG) from AFOLU sectors in Ghana was
estimated to be 45.1% of the total emissions in 2012. The estimated total of GHG emissions
were 33.66 million tons of CO2eq, which represents an increase of 10.7%, 106.7% and
136.7% over the period of 2000, 2010 and 2016, respectively (Republic of Ghana, 2015).
Forest vegetation in the Upper East Region is being lost through charcoal production
(Aabeyir et al., 2016), and vegetation burning for fresh grasses for animal and firewood
(Adanu et al., 2013; Dimobe et al., 2018). Global warming is a worldwide concern (Deng et
al., 2011). Therefore, stabilisation of the global temperature increase through reducing
emission from deforestation and forest degradation, sustainable forest management, carbon
stock, biodiversity conservation and carbon stock enhancement (REDD+) is one of the focus
of the United Nation Framework Conservation on Climate Change (UNFCCC). Therefore, it
is essential to provide accurate information to policymakers on the state of the spatiotemporal
distribution of CO2 emissions and removals (Deng et al., 2011). Mitigation, adaptation and
sustainable management, and forest ecosystem protection constitute the main keys to reduce
greenhouse gas emissions and avoid global warming (IPCC, 2014; Gizachew et al., 2016).
Aboveground biomass is one of the most important parameters which is required for the
assessment of carbon emissions due to deforestation and forest degradation (Houghton and
Hackler, 2006; Urbazaev et al., 2016; Shao and Zhang, 2016). To fully understand the impact
of land cover changes on CO2 emissions/removals, it is important to have information on land
use and land cover (LULC) classes, the spatial and temporal distribution of carbon stock and
changes in LULC and from deforestation and forest degradation over time. However, studies
that have evaluated the spatial distribution of carbon in Ghana (Tan et al., 2009; Bessah et al.,
2016; Nero et al., 2016) did not consider the emission/removal from land use and land cover
change. Savannah landscape represents more than 50% of the size of Ghana (Callo-cona et al.,
2012) but deforestation and forest degradation contribution to its carbon dioxide emission and
removal still remain underestimated. That is, carbon dioxide emissions and removals due to
savannah vegetation degradation and deforestation is necessary in enhancing and contributing
to the decisions of policy-makers. Therefore, this study seeks to estimate historical changes
of CO2 emission and removal from land use and land cover change and from deforestation
and forest degradation in Sudan Savannah ecological zone of Ghana.
2. Material and Method
2.1 Study Area
The study was carried out in the Sudan savannah ecological zone of Ghana notably Bawku
Municipality, Binduri Garu and Pusiga Districts. The four areas were included in the
traditional Bawku East (Ghana Statistical Service, 2012). The study site lies between latitudes
3

http://jee.macrothink.org

Journal of Environment and Ecology
ISSN 2157-6092
2020, Vol. 11, No. 2

10º15 and 11º15 North and longitudes 0º03 East and -0º23 West. It shares boundaries with
Burkina Faso to the north, the Republic of Togo to the east and Bawku West and East
Mamprusi to the west and south, respectively (Figure 1).

Figure 1. Map of Ghana (Africa) showing the location of the study site

Fire is an integral part of the vegetation management in our study area (Yiran, et al., 2012).
The vegetation in Sudan savannah is characterised by grasses and scattered trees. The climate
in the study area is characterised by a short rainy season from May/June to
September/October and a long dry season from October/November to April/May (Kusimi &
Yiran, 2011). The sum annual rainfall is between 800 to 1100 mm and the monthly mean
temperature is 25℃ as minimum and 40℃ as maximum (Dickinson et al., 2017). The soil is
mainly “upland soil” developed from granitic rock and soils are exposed to erosion, through
rain and win (Aniah, Wedam, Pukunyiem, & Yinimi, 2013). Rolling land with isolated
uplands and slopes ranging from 1 to 10%, characterised the topography of the study site.
The soil is mainly “upland soil” developed from granite rocks. Bare soils are exposed to
erosion through erosion agent such as rain and wing (Aniah et al.,2013). White Volta
constitutes the main river. The total population is about 347,794 inhabitants (Ghana Statistical
Service, 2012) where around 80% live in rural areas and, are engage in the agriculture for
subsistence crop production (GSS, 2002). The study area is characterised by over-cultivation,
overgrazing, settlement expansion and increase of firewood production and consumption
(GSS, 2002).
4
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2.2 Emission Factor
Each of the four areas (Bawku, Binduri, Garu and Pusiga) in the study area stratified into
forest, cropland/farmland (near to settlement) and shrub/grassland LULC classes. Three sites
were selected in each of the four areas and in each site, three sample plots were established in
each of the three LULC classes. Nested design (Figure 1) adopted from RAINFOR protocol
(Marthews et al., 2012) was employed for the field inventory.

20 m

10 m

60 m

dbh > 10

dbh ≥ 5cm & < 10

Figure 2. Plot demarcation of the field inventory (Source: Marthews et al., 2012)

The size of the main plot was 60 m × 60 m (0.36 ha) and this was divided into nine subplots
with the size of 20 m × 20 m. Within the main plot, five smaller plots of size 10 m × 10 m
were established in the four corners and the middle. Coordinates were taken at the four
corners and the middle of the main plot using Global Positioning System (GPS). Trees with
diameter at breast height (dbh) of 1.30 m greater than or equal to 10 cm were tagged in the
main plot. While for 10 m × 10 m, tree with diameter between 5 cm and 10 cm (5 cm ≥
diameter < 10 cm) were considered. It the inventory, tree diameter at breast height (dbh), was
measured with diameter tape, tree height measured with the Laser Ace (Height measuring
instrument) and tree species identified, as a surrogate for wood density. The Allometric
models developed by Aabeyir (2016) for savannah woodland was found to be the most
appropriate existing allometric equation for this work due to its similarity in climatic, edaphic,
geographic, taxonomic condition and trees species. The following equation is given as
(1)
Here, AGB is aboveground biomass, dbh (cm) is the diameter at breast height,

(gcm-3) is

the density of a tree species and, H (m) is the total height of the individual tree.
Carbon content analysed in Ghana per Adu-Bredu et al. (2010), is used to estimate the carbon
content (47.48%) of biomass.
The difference between the mean carbon stocks from different LULC classes (e.g. forest
5
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mean carbon stocks minus cropland mean carbon stocks) was used to calculate the emission
factors. The forest and cropland of Bawku and the shrub/grassland of Garu were used as
reference for emission factors determination. The emission factor is expressed in terms of
CO2 equivalent by converting the change in carbon to CO2 equivalent as (IPCC, 2006).
(2)
Where, EF is the Emission Factor (tCO2-e-ha-1,
and lost, respectively

and

is the carbon stocks gains

2.3 Activity Data
Tier 3 approach (IPCC, 2006) was used to estimate to estimate activity data. To classify land
use and land cover, Random forest algorithm was applied using the open source R-software.
At each node, the variables tried for splitting was set through the square root of the total
number. Indicators such as overall accuracy, producer and user accuracy were calculated.
Post classification comparison was applied to detect the change from one LULC class to
another. Changes were estimated from 1986 to 1999, 1999 to 2006, 2006 to 2016 and 1986 to
2016.
The carbon dioxide emission is characterised by the combination of emission factor (EF) and
activity data (AD). Carbon dioxide emission/removal is estimated as (IPCC, 2006)
(3)
Carbon Dioxide Emission/Removal Uncertainty Assessment
The percentage of uncertainty was calculated for the 95% Confidence Interval through
Equation adapted from IPCC, 2000 as:
(4)
Where, U is the percentage uncertainty,
distribution

is the standard deviation

is the mean of the

3. Results
The results illustrated in Table 5 showed that the greatest emission factor under different
LULC and for different District was the conversion of forest and/or cropland to
shrub/grassland in Pusiga District. The second largest emission factor was recorded in the
forest land remaining forest land in Pusiga District. Emission factor for deforestation was
prominent for forest than the other LULC in all the Districts (Table 1). This was followed by
cropland with the least being shrub/grassland. Emission factor uncertainty was estimated
using the 95% Confidence interval through the overall mean and the standard deviation
(Table 2).
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Table 1. Emission factor estimated from different LULC classes and different Districts
LULC

Carbon
stocks

Change from to

Emission factor
(Mg CO2ha-1)

Forest

4.50

Forest to cropland

0.21

Cropland

4.46

Forest to shrub/grassland

2.27

Shrub/grassland

1.18

Cropland to forest

-0.21

Cropland to shrub/grassland

12.06

Shrub/grassland to forest

-12.27

Shrub/grassland to cropland

-12.06

Shrub/grassland to
shrub/grassland

1.23

Bawku

Area

1.32

Forest to cropland

9.58

Cropland

1.91

Forest to shrub/grassland

13.38

Shrub/grassland

0.87

Cropland to forest

-9.58

Cropland to shrub/grassland

1.46

Shrub/grassland to forest

-13.38

Shrub/grassland to cropland

-1.46

Forest to forest

1.73

Cropland to cropland

9.37

Shrub/grassland to
shrub/grassland

2.34

Binduri

Forest

1.72

Forest to cropland

7.30

Cropland

2.53

Forest to shrub/grassland

0.82

Shrub/grassland

2.51

Cropland to forest

-7.30

Cropland to shrub/grassland

10.83

Shrub/grassland to forest

-0.82

Shrub/grassland to cropland

-10.83

Forest to forest

10.29

Cropland to cropland

7.09

Shrub/grassland to
shrub/grassland

1.23

Pusiga

Garu

Forest

Forest

0.64

Forest to cropland

8.87

Cropland

2.10

Forest to shrub/grassland

16.48

Shrub/grassland

0.03

Cropland to forest

-8.87
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Cropland to shrub/grassland

16.27

Shrub/grassland to forest

-16.48

Shrub/grassland

-16.27

Forest to forest

14.22

Cropland to cropland

8.66

Shrub/grassland to
shrub/grassland

5.44

Table 2. Uncertainty of mean emission factors
LULC

Mean

StDev

95% CI

Cropland to forest

2.56

2.05

(0.71, 4.41)

Cropland to shrub/grassland

6.79

3.51

(4.94, 8.64)

Forest to shrub/grassland

4.23

4.81

(2.37, 6.08)

Forest to cropland

-2.56

2.05

(-4.41, 0.71)

Shrub/grassland to cropland

-6.79

3.51

(-8.64, -4.94)

Shrub/grassland to forest

-4.23

4.81

(-6.08, -2.37)

Forest to forest

9.06

5.59

(7.21, 10.91)

Cropland to cropland

6.27

3.83

(4.41, 8.12)

Shrub/grassland to shrub/grassland

1.19

0.87

(-0.06, 3.04)

Note: StDev = Standard deviation, CI = Confidence interval
3.1 Activity Data
The three-land use and land cover classes that were considered are forest, cropland and
shrub/grassland. The outcome illustrated in Table 3 shows that the forest area which has
undergone degradation was more than the area that has undergone deforestation. Activities
data uncertainty was estimated using the 95% Confidence interval through the overall mean
and the standard deviation (Table 4).
Table 3. Emission factors from land use and land cover change

1986-1999

Years

LULC Change

Bawku

Binduri

Garu

Pusiga

Forest to cropland

351.09

157.32

75.87

245.23

Forest to shrub/grassland

2598.57

3111.10

9336.78

2805.21

Cropland to forest

49.53

21.51

42.57

0.09

Cropland to shrub/grassland

3141.45

250.06

1529.10

914.09

8
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Shrub/grassland to forest

338.49

904.95

6849.72

162.27

Shrub/grassland to cropland

2199.69

1058.22

5068.80

1406.52

Forest to forest

521.25

4120.00

14167.80

485.19

Cropland to cropland

1853.17

3363.48

3295.99

1610.92

Shrub/grassland to shrub/grassland

5031.00

10635.82

18546.21

16609.59

Forest to cropland

1405.00

42.75

8.64

71.02

Forest to shrub/grassland

539.55

2772.72

7436.30

554.58

Cropland to forest

3.69

6.48

9.72

0.09

Cropland to shrub/grassland

2658.69

2057.31

4548.10

1760.94

Shrub/grassland to forest

121.77

1510.55

5131.00

137.88

Shrub/grassland to cropland

2772.36

897.48

1566.00

632.34

Forest to forest

95.23

1206.78

13503.00

85.41

Cropland to cropland

1954.27

1490.75

3849.60

1520.19

Shrub/grassland to shrub/grassland

6188.13

9869.33

18956.45

19276.11

Forest to cropland

0.90

0.00

51.39

2.34

Forest to shrub/grassland

132.00

21.56.31

9722.50

2.34

Cropland to forest

0.27

0.18

0.00

0.00

Cropland to shrub/grassland

631.62

988.83

302.67

138.15

Shrub/grassland to forest

175.77

1833.84

2618.60

4.23

Shrub/grassland to cropland

1348.23

2003.85

16295.00

9472.68

Forest to forest

12.21

4556.25

8856.27

0.81

Cropland to cropland

1553.28

2188.62

5119.47

1991.61

Shrub/grassland to shrub/grassland

6679.44

35561.80

1156.68

12017.88

Forest to cropland

1642.95

213.21

794.89

1644.60

Forest to shrub/grassland

1341.90

7175.50

15458.40

1644.60

Cropland to forest

3.42

38.07

5.13

0.00

Cropland to shrub/grassland

932.04

1319.70

1266.48

320.40

Shrub/grassland to forest

149.49

2315.30

4071.87

0.00

Shrub/grassland to cropland

4573.07

2929.60

17136.20

4648.65

Forest to forest

7.24

4032.20

7395.57

5.04

Cropland to cropland

2576.25

2668.70

3590.82

2194.38

Shrub/grassland to shrub/grassland

8833.86

28627.00

0.00

10150.83
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Table 4. Uncertainty of mean activity data
LULC change

Mean

StDev

95% CI

Cropland to forest

10.74

17.18

(-4428, 4249)

Cropland to shrub/grassland

2190

1517

(-2049, 6429)

Forest to shrub/grassland

6187

7677

(1948, 10426)

Forest to cropland

438

578

(-3801, 4677)

Shrub/grassland to cropland

3667

4698

(-572, 7906)

Shrub/grassland to forest

1385

1988

(-2854, 5624)

Forest to forest

4131

4577

(-108, 8370)

Cropland to cropland

2796

1418

(-1443, 7035)

Shrub/grassland to shrub/grassland

13639

23474

(9400, 17878)

Note: StDev = Standard deviation; CI = Confidence Interval

3.2 Carbon Dioxide Emission and Removal from Land use and Land Changes
The outcomes are presented in Table 5 and 6, and Figure 3A, 3B, 3C and 3D. The spatial
distribution of CO2 emissions and removals from land use and land cover changes exhibited
important changes within LULC categories, Districts and within years. From 1986 to 2016,
the overall CO2 emitted and removed from deforestation in the Sudan savannah ecological
zone of Ghana was 228,805.99 Mg CO2 or 31.84% and -163,956.93 Mg CO2 or 22.81%,
respectively. The total CO2 released from forest degradation was 325,878.96 Mg CO2 or
45.35% of the total CO2 emissions. Meanwhile, at District level, the highest CO2 released
was observed in Binduri (16.35%) and Pusiga (7.10%). The most important value of CO2
released from forest degradation was found in Binduri (19.38%) and Garu (14.13%).
However, Garu was the main sink of carbon with 9.36% as removal value, followed by
Bawku 7.93%. In the years 1986 and 1999; the total CO2 emission and removal from
deforestation were as follows: 233,179.90 Mg CO2 (33.71%) and -67,482.11 Mg CO2 or
9.75%, respectively. The CO2 emission from forest degradation was 391,162.11 Mg CO2 or
56.54% of the total CO2 released. The largest contribution of CO2 emission from
deforestation was found in Binduri and Bawku being 11.13% and 10.10%, respectively.
While the most important rate of CO2 released was observed in Garu and Pusiga with 24.45%
and 16.06%, respectively. Focused on the removal values, Bawku and Garu were the major
carbon sink with 4.44% and 3.49%, respectively. From 1999 to 2006, the total CO2 emitted
from deforestation was 198,050.86 Mg CO2 or 33.22% and, the removal was 51,111.47 Mg
CO2 or 8.57% whereas the CO2 emission from forest degradation was 347,074.67 Mg CO2 or
58.21%. However, the most substantial rate of carbon emitted was observed in Binduri
(11.02%) and Bawku (6.54%). The highest contribution for CO2 emission from forest
degradation was noticed in Garu and Pusiga being 28.37% and 19.98%. Meanwhile, Bawku
and Garu were found to be the main sink of carbon with 5.86% and 1.63%, respectively.
10
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During the past decade (2006-2016), the CO2 released from deforestation in the entire District
was 69,950.01 Mg CO2 or 11.62% and the removal was 156,518.43 Mg CO2 or 26.01%. The
amount of CO2 emitted from forest degradation was 375,292.16 Mg CO2 or 62.37%. at the
District level, the greatest emission from deforestation was found in Binduri (7.17%) and
Garu (1.93%). In addition, the most important emission from forest degradation was recorded
in Binduri and Garu being 26.11% and 21.17%, respectively. The largest rate of CO2 removal
was noticed in Pusiga and Garu with -11.99% and 10.48%, respectively. In general, more
emissions were observed from forest degradation compared to deforestation.

Figure 2. Maps showing the density of CO2 emission/removal
11
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Table 5. CO2 emission and removal from land use and land cover change proportion
Years

CO2
emission
deforestation

from CO2 removal from CO2 emission from
deforestation
degradation

Mg CO2

%

Mg CO2

%

Mg CO2

%

1986-1999

233,179.90

33.71

67,482.11

9.75

391,162.88

56.54

1999-2006

198,050.53

33.22

51,111.47

8.57

347,074.67

58.21

2006-2016

69,950.01

11.62

156,518.43

26.01

375,292.16

62.37

Overall
(1986-2016)

228,805.99

31.84

163,956.93

22.81

325,878.96

45.35

12
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Figure 3. percentage of CO2 emitted and removed at District level from 1986 to 2016 (A),
1986 to 1999 (B), 1999 to 2006 (C) and 2006 to 2016 (D)

District

Year

Table 6. Uncertainty of mean CO2 emission/removal
Mean

StDev

95% CI

1986-1999

7315

23719

(-2766, 17396)

1999-2006

8373

25821

(-1708, 18454)

2006-2016

10302

27249

(221, 20382)

1986-2016

1187

424261

(1797, 21958)

Bawku

3830

13703

(-6071, 13732)

Binduri

17884

40371

7983, 27285)

Garu

12216

41291

(2314, 22117)

Pusiga

3937

9441

(-5964, 13838)

Note: StDev = Standard deviation; CI = Confidence Interval.
4. Discussion
During the past 30 years, the amount of carbon dioxide released to the atmosphere showed a
decrease from 1986 to 2016. The overall carbon dioxide released from deforestation and
forest degradation was 77.19% whereas, the removal was 22.81% with considerable
uncertainties due to the spatial and temporal variability of the emission/removal. Regarding
the inter-annual changes, similar decrease was observed in terms of amount from 1986 to
1999 and 1999 to 2006 being 642,342.79 and 545,125.53 Mg CO2, respectively. These
decreases observed in the Sudan Savannah ecological zone of Ghana could be related to the
implementation of REDD+ in the area. On the contrary in terms of percentage, an increase
was noticed being 90.25% and 91.00% from 1986 to 1999 and 1999 to 2006, respectively.
During the past period (2006-2016), the amount of 445,142.17 MgCO2, as well as the rate of
71.00% of CO2 emission have decreased compared to the previous years. Results obtained
from CO2 emissions are in agreement with the outcome of Friedlingstein et al (2010), who
13
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revised and updated the historical CO2 emissions at global level using new data on forest
cover and land use (reported by each country and compiled by the Food and Agriculture
Organisation (FAO). They found that CO2 emission from land use change (LUC) has
decreased from 1999s compared to 200-2009 with 1.5±0.7 Pg Cyr-1 to 1.1±Pg Cyr-1,
respectively. For CO2 removal, from 1986 to 1999 and 1999 to 2006, there was an increase
from 67,482.11 to 51,111.47 Mg CO2, but in terms of proportion, it has observed a reduction
from 8.57% to 9.75%. however, during the past decade (2006-2016), the amount of CO2
removed as well as the proportion were 156,518.43 Mg CO2, with a contribution of 26.01%.
This decrease observed in CO2 emission and increase noticed in the removal could be
attributed to the increase of cropland areas. Through the emission factors (EF) estimation, it
was observed that there was removal when shrub/grassland are converted to cropland and/or
forest land. Whereas focused on activities data the conversion rate of shrub/grassland to
cropland increased from 1986 to 2016. Cropland contribution was found to be significant in
CO2 emission/removal in the Sudan Savannah zone of Ghana. This may be attributed to the
importance of tree on farm for farmers and also cropland selected in the work was near to
settlements. This results in in agreement with Sarkodie and Owusu (2017) and Kim et al.
(2016). In the entire area and all years, the carbon released from forest degradation was
greater than the one from deforestation. However, less studies have compared the emission
from forest degradation and deforestation in Ghana. Nevertheless, in Venezuela,
Pacheco-angulo et al. (2017) estimated the CO2 emission from deforestation and forest
degradation and found that the carbon emitted from deforestation was greater compared to
the forest degradation in Caparo forest reserve. This difference could be explained by the type
of vegetation. Their study was done in Caparo forest reserve of Venezuela whereas, the
present study is carried out in the Sudan Savannah zone of Ghana in West Africa. Moreover,
it was noticed that the highest positive value of emission factors was found in forest degraded
areas, and extend of forest degraded areas was larger than that of deforested areas. This could
explain the highest value observed fore forest degradation. In the country, the most important
negative emission factor was found in the area where shrub/grassland were converted to
cropland and/or forest land cover. This may be related to the difference of carbon mean in
cropland, forest and shrub/grassland where the most important value was observed in
cropland, followed by forest land and shrub/grassland.
5. Conclusion
The present study carried out in Sudan Savannah ecological zone of Ghana, estimated and
mapped the historical change of the carbon dioxide emission from land use and land cover
change. Based on the results, significant changes occurred in the study area from 1986 to
2016. The total carbon dioxide emitted from 1986 to 2016 in the entire area was 554,684.96
Mg CO2 or 77.1 while the removal was 163,956.93 Mg CO2 or 31.84%. The activity data
generated from land use and land cover map indicated that areas degraded were greater than
the areas that were deforested where the largest emission factor was found in forest
degradation. Thus, the proportion of CO2 emission from forest degradation (45.35%) was
greater than the deforestation (31.84%). Based on the spatial distribution, Garu District
(16.35%) was found to be the main sink of carbon because shrub/grassland emission factor of
14
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Garu District has been used as reference to estimate the CO2 of shrub/grassland in the other
Districts. On the other hand, the highest amount of CO2 emission was identified in Binduri
(9.36%) because the most important value of CO2 released from the forest degradation was
found in Binduri. The historical mapping of CO2 emission/removal from LULC and from
deforestation and forest degradation is expected to improve the decision of policy makers on
mitigation, and for sustainable development. However, future investigation needs to consider
the five carbon pools and the six-land use and land cover classes provided by IPCC to
quantify the current and future CO2 emission and removal.
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