
World Applied Sciences Journal 33 (7): 1154-1163, 2015
ISSN 1818-4952
© IDOSI Publications, 2015
DOI: 10.5829/idosi.wasj.2015.33.07.14586

Corresponding Author: Achalu Chimdi, Wollega University, College of Computational and Natural Sciences, 
P.O. Box 395, Nekemte, Ethiopia. Tel:  +251911151087.

1154

Effect of Firewood Energy Consumption of Households on Deforestation
in Debis Watershed Ambo District, Oromia Regional State, Ethiopia

Abaynesh Kebede, Achalu Chimdi and Akhila S. Nair1 2 1

Ambo University, College of Computational and Natural Sciences, P.O. Box: 19, Ambo, Ethiopia1

Wollega University, College of Natural and Computational Sciences, P.O. Box: 395, Nekemte, Ethiopia2

Abstract: The increasing population of Ethiopia has resulted in an excessive forest clearing for agricultural
purpose, overgrazing and exploitation of the existing forests for fuel. The Environmental impact of over
dependence on forest resources for energy source is not studied in sufficient detail in Debis watershed. In view
of this, the study was initiated to investigate the status of firewood consumption and its impact on
deforestation. Series of survey assessment by interview questioner for status of firewood consumption and
its contribution to deforestation was conducted. Data generated by survey was analyzed using computer
software Statistical Package for Social Science, 16.00 to find the status of firewood consumption and its impact
on deforestation. The present study revealed that the main energy sources utilized was biomass energy
particularly firewood and 100% of the households collect it from natural forest, private wood land and forest
land. Consequently the dependence of households on firewood has a significant contribution to deforestation
in the present study area. Therefore, there is a need to develop sustainable modern and environmental friendly
energy sources and practicing afforestation and forest management programs to overcome the problem of
deforestation of natural forest in the present study area and other similar agro-ecological zone.
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INTRODUCTION The increasing population of Ethiopia has resulted in

Environmental resources are the foundation for social overgrazing and exploitation of the existing forests for
and economic development in Ethiopia. This development fuel, fodder and construction purposes because,
of a  society  finds expressions in its increasing capacity livelihood of rural people is directly linked to the
to meet certain need. Satisfying most of these needs utilization  of  land  resources  for  food production,
would require the consumption of energy, albeit in energy sources and shelter. Ethiopian farmers and a
varying degree. The development and the use of energy significant number of urban dwellers depend solely on
are thus vital to economic and social development and biomass energy for cooking and in some cases even for
contribute to the improvement of living conditions. The lighting purposes. Wood is therefore vital sources of
global energy demand was growing and is expected to domestic energy besides the need for construction and
continue growing with the projected growth of the household furniture. Additionally, Fuel wood and
population and with the expansion of energy-dissipative charcoal will continue to be essential components of the
economic activities. The developed world, which is third world energy supplies for the foreseeable future.
expected to have a major share from the projected Mismanagement of these resources reduces the
population growth and resource consumption over the livelihoods of those who are dependent on these
next decades, is particularly expected to make significant resources. Thus the main drivers of environmental
contribution to the growth of the global energy demand. degradation in Ethiopia include high population growth
Forestry is a source of livelihood for many farmers and and urbanization rate, as well as an economic growth that
rural households   in   developing  countries,  especially is largely driven by agricultural production, infrastructure
in sub-Saharan Africa [1, 2]. expansion and increasing energy demand. In addition to

excessive forest clearing for agricultural purpose,
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climate change, deforestation is the key environmental The area characterized by bimodal rain fall distribution
challenge for the country [3]. Forest degradation leads to with small amount of rain fall during Belg (autumn) and
CO emissions and is primarily caused by fuel wood long rainfall during summer season. The main rainy2

consumption  and logging in excess of the natural yield of season occurs between mid-June and mid-September,
the forests, with the major driver being population growth which is responsible for 70% of the annual average rainfall
[4]. This demand for fuel contributes to an imbalance of 1,100 mm. It is characterized by Bada-Dare (Semi-high
between the natural regeneration and removal of the land) climatic condition and the lowest and highest means
forest resources. One of the major consistent is the annual temperature is13°C and 27°C respectively with
clearing of forest for fuel and crop production. average temperature of 18°C. The agriculture is

Like people in other parts of the country, most of the dominantly  relied  up on the seasonal rainfall and uses
dwellers of Oromia Regional State, Ambo District old traditional method of farming system and the farmers
dominantly use traditional fuel like fuel wood and charcoal making their livelihood by producing food crops such as
and crop  residue  for domestic energy consumption. Eragrostis  teff  (Teff), Hordium vulgare (Barley),
Ambo District of Debis watershed is also suffering from Triticum aesticum (Wheat), Phaseoulus vulgare (Haricot
environmental degradation that emanated from loss of Bean), Zea mays (Maize) and cattle rearing. The soil of the
vegetation cover mainly because of ever increasing study area was classified into three main types when
demand for fuel wood and population pressure. classified based on their colors: black soils, brown soils
Assessing the potential effect of firewood energy and red soils and the soil is highly dominated by clay
consumption on deforestation in the study area is minerals. According to the Sustainable Land Management
prerequisite to designing programs and projects to secure project (2012) housing census the population of Debis
sustainable forest management by changing this firewood watershed is 5561with 1053 households (124 are female
energy dependence to other modern and environmental headed and 929 are male headed).
friendly energy sources. However; the Environmental
impact of over dependence on this forest resources is not Sampling and Data Collection: A stratified random
studied in sufficient detail in the present study area. sampling method was used to select sample households
Therefore, the present study was mainly designed to for the household survey. By sample determination
explore the status of firewood energy consumption of the formula developed by [5] total of 122 sample households
households and its impact on deforestation in Ambo were selected from the total of 1053 households of the six
district Debis watershed. sub watersheds.

MATERIALS AND METHODS

Description of the Study Area: The study was conducted where,
at Debis watershed, which is located in Ambo District of n = Sample size
West Shoa Zone, Oromia Regional state (ORS). Ambo Z = 95% confidence  interval under normal curve that is
District is located in center of West Shoa, found at 112km 1.9
west of Addis Abeba and has the area of 9232 hectares. P = 0.1 (proportion of the population to be included in
Geographically lies at 8°47’N-9° 21’N and 37°32’E-38°3’E the sample)
with total area coverage of 835.97km and found at an q = None accuracy of event = 1-0.1 that is = 0.92

altitude ranging from 1500 to 3100masl. The topography N = Total number of house holds
of the District is 60% plain, 23% Steep Mountain, E = Margin of error (0.05)
9%gentle  slopping and 8% undulating and rugged
terrain. Debis watershed is situated at about 125km from From the six sub-watersheds, according to their
Addis Abeba and found at North part of Ambo town and family  size, representative  households were selected.
includes (Dobi, Abebe Doyo, Degele Gatira, Birbirsa fi The field observation was used to identify the level of
kulit) and  Tule farmer Administration. Geographically, reforestation activities to compensate the cleared trees
the study site lies at an altitude ranging from 2100 to and bush by local community for fuel wood. Face to face
3044masl with area coverage of 4803ha which is highly interview  using  questionnaires  was  carried out to
deforested by local community for expansion of farm gather information on the sources of local energy used,
lands, grazing land and for firewood consumption Fig. 1. level  of  dependency  on  this  energy  and   its   effect  on
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Fig. 1: Location map of the study area

deforestation. Focus group discussions with community Methods of Data Analysis: Data was computed and
representative and Development Agents who are analyzed using descriptive statistics techniques such as
assigned at community level was also carried out for percentage, mean, figure and tabular to summarize results
cross-checking the information gathered from households obtained from interviews of households and discussions
to address the level of dependence of forest resources for with informant groups. And the quantitative data
fuel energy and the status of deforestation of the study gathered from interviews of respondents were coded and
area. entered into a computer for analysis, using the computer
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software SPSS (Statistical Package for Social Science,
16.00) to find the status of firewood consumption and its
impact on deforestation. 

RESULTS AND DISCUSSION

Socio-Economic Characteristics of the Surveyed Source: Field Survey (2013/2014)

Households: In this study, the response rate for the
sampled households was 100 percent and a total of 122
households participated from six sub watersheds.
Household characteristics such as education background,
gender of respondent, household income and number of
family in the households had been considered as
important variables to determine sources of energy and
amount  of  energy  consumed  in  the  household.
Through putting these variables into consideration,
socio-economic characteristics of the households were
analyzed and from 122 respondents 69.7% are female and
30.3% are male. Female respondents are the more
experienced with the firewood consumption level in
household so that the study focused more to female
respondents. As shown on Table  1, 56.6% of households
have family size of six to nine, 32.8% have two to five and
10.7% have ten to thirteen and this indicates that more of
households with family size of between six to nine with
minimum of 2 and maximum of 13 family sizes. Fig. 2 shows
the educational background of the respondents. Majority
of respondents  were illiterate that is 58% and the rest
19% were first cycle educated, 21% were second cycle
educated and 6% were with secondary school education.
The present study revealed that more of the households

earn between 1001-1500 birr which accounts 45.1% and
others 34.45% of them earn between 501-1000, 1.6% earns
less  than  500  and only 18.9% of them earn between
1501-2000 birr. This  monthly  income of the households
is   from   agricultural   products   (crop   production,
animal husbandry and Bee keeping). As Table 2, 3 shows,
from the survey data analysis more of respondents are
with age of between 31-40 which accounts 29% followed
by 20-30 age group with the minimum age of 20 which
indicates that the respondents or family head have
experience   with   the   firewood   consumption   status.
The study  also  focus on households with greater than
60 age group which accounts 5.7% to gain the reliable and
full information on the deforestation status of the study
area and its consequence observed through experience.
Types and Sources of Local Energy Consumption: NF1,PF2,PW3 1.0 0.8

Modern fuels, including electricity, are not common
sources   of  household  energy  in  the  study  area.
Instead,  the households are largely depended on biomass

Table 1: Family size of respondents

Family Size Frequency Percent

2-5 40 32.8
6-9 69 56.6
10-13 13 10.7

Total 122 100.0

Table 2: Monthly income of the households

Income (Birr) Frequency Percent

<500 2 1.6
501-1000 42 34.4
1001-1500 55 45.1
1501-2000 23 18.9

Total 122 100

Source: Field Survey (2013/2014)

Table 3: Age of Respondent.

Age(year) Frequency Percent

20-30 32 26.2
31-40 36 29.5
41-50 25 20.5
51-60 22 18.0
>60 7 5.7

Total 122 100.0

Source: Field Survey (2013/2014).

Table 4: Types of local energy in the study area by rank.

Cumulative
Sources of energy Frequency Percent Valid Percent Percent

F1,CD2,CR3,G4 88.0 72.1 72.1 72.1
F1,CR2,CD3,G4 5.0 4.1 4.1 76.2
F1,CH2,CD3,CR4,G5 1.0 0.8 0.8 77.0
F1,CD2,CR3,CH4,G5 25.0 20.5 20.5 97.5
F1,CD2,CR3,SP4 3.0 2.5 2.5 100.0

Total 122.0  100.0   100.0

F=Fire wood, CD=Cow Dung, CR=Crop Residue, G=Gas and SP=Solar
Power, The numbers, 1, 2,3,4,5 indicates the rank/level of energy type
consumed.
Source: Field Survey (2013/2014).

Table 5: Site of firewood collection.

Site of fire wood collection Frequency Percent

PF1,PW2 35.0 28.7
PW1 3.0 2.5
NF1,PW2 83.0 68

Total 122.0 100.0

PF=Private forest; PW=Private Wood land; NF=Natural forest. Numbers 1;
2; 3; 4; 5 indicates the ranks of area collection of firewood
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Fig. 2: Education background of the respondents 
Source: Field Survey (2013/2014)

fuel like firewood, tree branches, leaves, crop residues and [6, 7] have reported that firewood is the main source of
cow dung Table 4. All the households were found to use biomass fuel followed by cow dung, crop residues and
firewood,  crop residue, cow dung and gas or solar power, small amount of charcoal excessive dependence on
as source of energy. The three most important of energy biomass energy and very low efficiency in its use in rural
sources,  in  their  order  of  importance,  are  firewood, Ethiopia.
dung and crop residue; these biomasses mainly used for
baking, cooking and heating and lighting. These sources Status of Firewood Consumption: In the energy
of  biomass  identified from where household members consumption pattern, the main characteristics of rural
have been collecting were mainly from natural forest, areas of the country in general and study area in particular
private forest and private wood land. Table 5 shows the are their dependence on biomass fuel. The overall energy
site of firewood collection by the respondents. The study profile of the area is characterized by heavy dependence
revealed that 100% of the households collect biomass on firewood with other types of biomass (cow dung and
mainly of firewood, tree branches and leaves from natural crop residue). According to the respondents and focus
forest, own private forests and own homestead wood group in the study area, firewood consumption was the
land. Homestead forest is a multi-storied forest consisting common and major household energy source for home
of trees, shrubs, herbs traditionally grown around the based activities (food cooking, baking, water heating,
homestead. lighting etc). Since there is no modern energy source like

In this study 15 tree species growing in homestead electric energy supply, all of the households are
forests and natural forests were identified and used by depending on firewood. As information obtained from the
households for firewood. Among 15 tree species, the most sampled households, firewood consumption was very
preferred   were   Acacia   abyssinica  (locally  lafto), exhaustive, time consuming, however, they use it as main
Carris sedulis (Agamsa), Oncoba spinsa (kombolcha), energy source because of lack of options to use another
Calpurina aurea (cheka), Olea europaea (ejersa), Cordia improved energy sources. Although there is evidence that
Africana (wadessa) and Buddleja ploystachya (Anfare). other biomass resources such as dung and crop residues
The respondents opined that these species grow faster on become more prevalent in sites, the unsustainable
their homesteads and natural forest, burn uniformly and harvesting of firewood lead to deforestation. Though
require relatively low time to cook food and generates study of the world fuel wood situation is complicated by
relatively  little  smoke than other species. Some studies the  difficulty  of  quantification and estimates of domestic
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Fig. 3: Distance traveling of household members for fire wood collection
Source: Field Survey (2013/2014)

fuel wood consumption in developing countries are Almost 100% of households use firewood as their
necessarily indefinite, as an alternative, estimates are primary source of energy and best estimates indicate total
generally performed from individual household surveys, use at about 3635.3kg firewood per households annually,
based on actual in view of firewood consumed. Local with the bulk taken from woodlands, private forest and
people are often best able to express the quantity of natural forest. None of the respondent families were using
firewood they burn in terms of, head loads and donkey electric power for Bidena baking and other cooking
loads. So in this study, estimates of firewood purpose. Generally the predominant energy sources that
consumption were made based on the respondent's were consumed by almost all of the participants for
estimates of their daily consumption. Bidena baking in one hand and for non-Bidena baking on

The respondents were asked to estimate the amount the other were biomass energy of which the large part was
of firewood used on a daily basis and this was weighed contributed by firewood. The high proportion of firewood,
and recorded. Information about households’ cow dung and crop residue is most likely related to the
consumption of this firewood energy is compiled and the lower efficiency of these fuels when used in inefficient
quantities were recorded based on local measurement unit cooking and heating devices. Almost all households’
which is bundle or human load (ba’aadubartii) and later burn firewood in three stone stove with a very narrow
converted into a standard weight (kilograms). The kitchen of poor physical condition, which was very close
accuracy of this method was checked by monitoring daily to their main living house. Results from questionnaire
firewood use over one week at five households, which surveys revealed that most households in the study area
was then  compared to their previous estimates of use. consume between 12 and 30 bundles (human load) of
The household consumption data from the carefully firewood per month. Each bundle ranges in weight from 10
monitored samples were not significantly different from to 15kgs. Consumption levels therefore range from 144kgs
the respondent's estimates of household firewood (twelve bundles) to about 360kgs (thirty bundles) per
consumption in the same households. It is possible to month depending  on  the  family  size of  the household.
compare the availability of firewood consumption in a ten In general, large family size households (with ten or more
years time Fig. 3. members) consume more firewood than smaller family size.



World Appl. Sci. J., 33 (7): 1154-1163, 2015

1160

Firewood Energy Consumption and Its Contribution for that, the domestic energy consumption of the rural is one
Deforestation: Deforestation is one of the serious of the major contributors of deforestation in the area.
problems in the study area as observed during the site Source of domestic energy in the study area and firewood
assessment and observation. Even though adequate consumption survey clearly showed the heavy
information and data on forest resources regarding their dependency of households on biomass energy for
stock in the area, annual incremental yield and domestic cooking. Therefore, source of domestic energy
deforestation rate is not available, the presence of in the study area has been contributing for the
environmental problems in the study area is evident to deforestation of the near-by forests and wood lands.
generate different estimations. From domestic energy, The local leader and focus groups and Development
even though wood removed for fuel does not involve a Agents support the above statement in that firewood
complete and instant change in land cover as wood consumption was one factor for forest’s depletion in their
cleared for agriculture which accounts a complete change area. It was obvious that land and forests were some of
land cover, it has a significant contribution to the resources used as major means of livelihoods of the
deforestation and there is a gradual erosion of wood local community. However, there was a scarcity of these
stocks that leads to “deforestation”. Dense woodland resources; as a result, the resources were under serious
gradually becomes open woodland, which may then degradation particularly forest lands [8]. According to
gradually become open scrub land [8]. This may in turn focus groups, before decades the study area had about
become “grassland” with scattered trees. As observed 3% forests cover, but today its cover is about 0.5% and
during the site assessment and observation, more of the they have listed deforestation, soil erosion and increased
hillsides are devoid of vegetation as a result of continued population among the major environmental issues and the
destruction of the natural forests without management existing forest resource is depleting fast because of fast
and protection for expansion of farm land and firewood deforestation for different purposes. The majority of the
collection. As the information gathered during focus respondents in the field survey also recognized that fast
group discussion, landless farmers within the study area population growth together with high firewood
and poor people of Ambo town were engaged chopping consumption were some of the major factors aggravating
down the first available tree to obtain wood for fuel, deforestation.
selling and construction before fifteen years back which To assess the deforestation situation of the study
have been lead the current state of the area to energy area in recent years, the study tried to find out distance
crisis. traveled to collect firewood at the time of data collection

The households of the study area used firewood as and ten years back. When the distance traveled for
the main source of energy for baking, cooking, heating collection of fire wood at the time of data collection
and lighting. In early decades the collection of firewood compared  with the distance traveled ten years back,
free of charge from the surrounding environment (natural 59.8% of the respondents answered that they have been
forest) was the dry matter or dead wood of the forest traveling long distance to get available amount of
product but nowadays they cut-off stand-by live wood firewood relative to ten years back which really indicate
indigenous trees for firewood consumption because of the status of deforestation of the area in four sub
the relative scarcity of dead wood which leads to a watersheds. This is in agreement with the finding of [10]
‘temporary or permanent deterioration in the density or who reported that firewood gathering and heavy reliance
structure of vegetation cover or its species composition’. on biomass fuels in developing countries has raised
It is a change in forest attributes that leads to a lower global concerns over environmental consequences such
productive capacity caused by an increase in as  forest degradation and soil erosion. Additionally,
disturbances and the over dependence of the community many studies [11, 12, 13] revealed that, next to agricultural
on firewood for energy source. Most of the developing land expansion, the most leading factors for high
countries are suffering from what many call the energy deforestation is using firewood as a source of energy in
crisis, which is characterized by depletion of locally Ethiopia and it has been suggested that the key issue in
available energy resources and dependence on imported the energy sector is improving the supply of household
fuel. Energy crisis is believed to be the second most energy and reducing the heavy reliance of the household
serious problem in these countries next only to the food sector on biomass source of energy to abate the ever
crisis [9]. So, from domestic energy consumption pattern increasing deforestation in the country. The evidence of
of households any one can easily reach on conclusion respondents  who  responded as they have been traveling
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Fig. 4: Availability of fire wood currently relative to 10 years back

1=Coded for fire wood consumed 3-7.5(kg) per day; 2=coded for 8-14kg and 3=coded for 8-15kg per day
Fig. 5: Relationship between family size and daily consumption of the households

short distance (19.8%) for collection particularly in wali 1 have their own forest and woodland for firewood
and wali 2 sub watersheds is due to introduction of collection, but they have doubted on the sustainability of
protected areas as "area closure" and restriction cut-off their forest product, that the degradation of the forest
trees from natural forest of the area. Consequently they density leads to firewood scarcity in the future. From the
have restricted to use firewood from own nearby wood total 122 households who participated in this study, 100%
land, cow dung and crop residue as supplementary of the households acquire their domestic energy through
sources of energy since 2004 EC by Global Climate collection. Additionally the current firewood availability
Change and Sustainable Land Management projects assessment revealed that the scarcity of firewood
found in the area. The rest 19.8% of the respondents observed in the area is the other evidence for the
responded that there is no difference in time spent to deforestation level. From household survey and group
collect firewood relative to ten years back because they discussion  result  as  shown in  Fig.  4,  almost  all  of the
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respondents answered as the scarcity they face now a also acknowledges the support made by Ambo District
days is due to firewood consumption in addition to Administration for allowing the first author to pursue her
expansion of farm land. higher studies. 
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