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Abstract

Understanding land use land cover (LULC) change drivers at local scale is vi-
tal for development of management strategies to tackle further decline of nat-
ural resources. In connection to this, a study was conducted in Dire Dawa
administration, Ethiopia to investigate the drivers for change in land use land
cover and its impact on above ground biomass and regenerations of woody
plants. A total of 160 respondents were selected randomly to collect data on
drivers of LULC change. A multistage stratified cluster sampling was used for
above ground biomass assessment. Nine sample plots of 10 m x 10 m size in
each cluster and a total of 36 sample plots in all clusters were randomly estab-
lished. In all sample plots, woody plants having >5 cm diameter were measured
for their diameter at breast height (DBH), and biomass estimated using allo-
metric equation. The study revealed that, cutting of woody plants for fuel wood
and making charcoal, population growth, expansion of cultivated land,
drought, settlement areas and livestock ranching are the major six important
drivers of LULC change. The study also revealed that, the mean above ground
biomass of woody plants in Dire Dawa Administration was 4.94 ton/ha, with
maximum and minimum above ground biomass of 6.27 ton/ha and 3.90
ton/ha, respectively. The number of regenerants of tree species was low and
only 36% of the plots had tree regenerants. Thus, proper woodland manage-
ment strategies implementation, land use planning, afforestation and reforesta-
tion activities are recommended to minimize unprecedented LULC change in
the study area.
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1. Introduction

Land use and land cover change is widespread, accelerating, and significant
processes driven by human actions but also producing changes that impact hu-
mans [1]. These changes alter the availability of different biophysical resources
including soil, vegetation, water, animal feed and others. Consequently, land use
and cover change could lead to a decreased availability of different products and
services for human, livestock, agricultural production and damage to the envi-
ronment as well.

Dependence on forest for energy, food, medicine and other products posed
pressure on physical integrity, diversity and productivity of forests and wood-
lands. Furthermore, grazing, and subsistence agriculture have also created in-
tense, competing demands on the vegetation cover. In Sub-Saharan Africa,
changes in land cover are possibly driven by five categories of causes: long-term
natural changes in climatic conditions; geomorphologic and ecological processes
(e.g., soil erosion and natural vegetation dynamics); human-induced alterations
of vegetation cover and landscapes (e.g., deforestation and land degradation);
inter annual climatic variability (e.g., recurrent droughts and floods); and hu-
man-induced climatic changes [2].

In Ethiopia, steadily growing population pressure and agricultural expansion
will inevitably increase the forest resources utilization (construction and fuel-
wood), and hence, different forms of unsustainable forest utilization will take
place (fires, encroachment, logging, cultivation, urbanization) in coming dec-
ades ultimately leading to the total forest depletion. Based on the most recent es-
timates of the rates of deforestation, and assuming that 75 percent of forest
losses are attributable to agricultural expansion, it is estimated that over the next
25 years the agriculture sector will require an additional 250 to 300 million hec-
tares of new land to accommodate the demands of commercial farming, subsis-
tence cropping, pasture and range development. Most of this increase in land
will come at the expense of forests lands [3].

Similarly deforestation and forest degradation are serious environmental
challenge in Ethiopia. Destruction of the natural forests of Ethiopia results di-
rectly in the loss of unaccounted plant and animal species as well as in a shortage
of fuelwood, timber and other forest products. It also indirectly leads to more
aggravated soil erosion, deterioration of the water quality, reduction of agricul-
tural productivity, and to an ever-increasing poverty of the rural population [3].
It is obvious that the depletion of forest resources contributes significantly to the
climatic and physical changes of the environment [4] [5].

Ethiopia’s rural energy needs are predominately satisfied by biomass (>90%).
This includes traditional energy sources such as fuelwood, charcoal, and
branches, leaves, and twigs. Authorised and unauthorised logging, however, is
currently a relatively minor driver of forest degradation [3]. Currently forest and
biodiversity degradation are attracting the attention of governments and the

media [6] [7]. Additionally, drought and other natural phenomenon compli-
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cated the problem [8] [9] [10]. Hence, maintenance of plant species diversity in
the understory should be an important goal of current silviculture prescriptions;
not only because of their sensitivity to disturbance but also because of their es-
sential role in ecosystem structure and function [11] [12].

Biomass is an important element in the carbon cycle, specifically carbon se-
questration. It is used to help to quantify pools and fluxes of greenhouse gases
(GHG) from the terrestrial biosphere to the atmosphere associated with land use
land cover changes [13]. Changes in aboveground biomass were linked primarily
with fire and harvesting. Fire was the most important single factor contributing
for woodland degradation (~50%) compared with pole harvesting (12%), char-
coal production (10%) and agriculture (31%) [14]. At the more arid end of the
spectrum, woody biomass is a key resource with respect to both ecosystem
structure and functioning, as well as to rural communities, especially for fuel-
wood [15] [16].

It is so important to assess the land use land cover change drivers, vegetation
composition and regeneration potential, and above ground woody biomass for
better management of the remaining vegetation and design appropriate policies
for conservation of woodlands of Dire Dawa Administration. The study aims to
identify the major drivers of land use and land cover change and its impacts on
above ground biomass and regenerations of woody plants at Dire Dawa admin-

istration, Ethiopia.

2. Material and Methods
2.1. Description of the Study Sites

The study was conducted in Dire Dawa administration, which is located at 515
km east of the capital, Addis Ababa. It lies with latitude and longitude of 9°36'N
41°52'E and 9°60'N 41°86'E coordinates. Dire Dawa has an average high and low
temperature of 31.8°C and 17.9°C, respectively. The annual average precipita-
tion is 612 mm. The administration is divided into four clusters and sub divided

into 38 rural kebeles (the lowest administration unit) (Figure 1).

2.2. Data Collection

2.2.1. Vegetation Data Collection

A multistage stratified cluster sampling was used in the study. First the four
clusters of the administration were purposively selected. Secondly, each cluster
was grouped into homogenous groups based on the type of vegetation and their
coverage. Thirdly sample kebeles were randomly selected from each homogen-
ous group. Finally, after reconnaissance survey of the sample kebeles, actual
sampling of vegetation was done based on homogeneity via preferential sam-
pling method. In Each kebeles three sample plots of 10 m x 10 m were estab-
lished. Hence, 9 plots for each clusters and a total of 36 sample plots (4 cluster *
3 kebeles * 3 replications) from the four clusters were established. The diameter

of individual trees was measured using Diameter tape and recorded for trees
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Figure 1. Map of the study area.

whose diameter at breast height (DBH) is >5 cm. The DBH of irregular trees was
measured using a method developed by [17]. Types of tree species, regeneration

status and other physical features in the sample plots were also recorded.

2.2.2. Sample Household Selection

To collect data from farmers on the major drivers of land use land caver change
of the Dire Dawa administration 40 respondents form each cluster were selected
randomly. Accordingly, a total of 160 respondents were selected from the four

clusters.

2.2.3. Data Analysis
For above ground biomass estimation, the equation developed by [18] for tropi-

cal dry forest was selected.

Y = 10{—0.535+|oglo(BA)} (1)

where; Y= biomass per tree in kg, and BA = basal area in cm®.

Basal diameter of a tree is an excellent predictor of dry weight. Further, fitted
linear regression equations after log transformations were excellent predictors of
biomass from stem diameters [19]. While, analysis of biomass and social data
was done by using Statistical Package for Social Science (SPSS) software version
20. Hence, one Way ANOVA was used at 95% confidence interval.

3. Results
3.1. Drivers of LULC Changes in Dire Dawa Administration

A total of six (6) major factors were perceived by the respondents as being important
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Table 1. Drivers of land use/land cover changes perceived by local people in Dire Dawa
Administration study landscape.

Farmers (Frequency)

No. Drivers of LULC change
response (Percent)
1 Cutting of woody plants for fuel wood and making charcoal 90 56.3
2 Population growth 70 43.8
3 Expansion of cultivated land 65 40.6
4 Drought 45 28.1
5 Housing (settlement) 22 13.8
6 Livestock ranching 10 6.3
Table 2. Clusters mean above ground woody biomass (ton/ha).
Clusters Kebeles Total
1 2 3 Mean
Aseliso 3.99 £ 0.69 436 2.09 336+ 1.82 3.90 £ 1.50°
Awale 3.88 £ 1.45 5.60 + 0.58 4.06 £1.12 4.51 +1.26®
Jaldesa 3.77 £2.17 4.39+1.12 10.64 + 4.56 6.27 £ 4.19°
Wahil 513+ 1.11 5.03 £ 0.52 5.05+0.73 5.07 £ 0.72%
LSD 2.25

Means with the same letters are not significantly different at P = 0.05.

drivers of LULC changes in the study landscape (Table 1). However, there were
variations about each of the factors to which the local people viewed as drivers
for the LULC change. In particular, majority of the respondents (n = 160) per-
ceived cutting of woody plants for fuel wood and making charcoal, population
growth and expansion of cultivated land as the leading drivers of LULC changes.
In addition, some of the respondents, i.e., 28.1, 13.8, and 6.3% reported drought,
housing (settlement), and livestock ranching, respectively, as also important
causes for the observed LULC change in the study landscape. It was also un-
derstood from the account of the elder people during the focus group discus-

sions that charcoaling is increasing over time in the study landscape.

3.2. Estimated Woody Plants above Ground Biomass

The mean above ground biomass of woody plants in Dire Dawa administration
was 4.94 ton/ha (Table 2). The lowest mean above ground biomass was recorded
in Aseliso cluster (3.90 £ 1.50) resulting from expansion of Dire Dawa town and
exploitation of the vegetation for fuelwood both for own consumption and mar-

ket by rural residents.

3.3. Regeneration of Tree Species and Herbaceous Vegetation

The number of regenerants of tree species in Dire Dawa administration was low

(Figure 2). The poorly managed woodlands and forests are experienced human
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Figure 2. Tree and shrub and herbaceous regeneration in Dire Dawa Administration.

interference that leads to disturbance and fragmentation of the existing vegeta-
tion. Selective harvesting of some particular species such as Juniperus procera,
Acacia tortiles, Acacia bussie and Acacia melifera, has affected species regenera-
tion and diversity in the administration. It is well noted that disturbances are the

primary causes of patchiness and heterogeneity in ecosystems.

4. Discussions

This results depicts that farmers ranking of all the perceived drivers of LULC
change indicated that cutting of woody plants for fuel wood and making char-
coal was ranked first and as the most influential driver followed by population
growth, expansion of cultivated lands, drought, settlements, and livestock
ranching (Table 1). It is, therefore, possible to conclude that anthropogenic fac-
tors are the driving forces for land use land cover change in Dire Dawa Admin-
istration. A study by [20] showed that human interference is the common factor
affecting natural vegetation.

As indicated [21] annually Ethiopia losses about 150,000 to 200,000 ha of for-
est primarily for expansion of rain feed subsistence agriculture, fuelwood collec-
tion and over grazing. Also, the study of [22] on drivers of land use land cover
changes in Munessa-Shashemene landscape of the south-central highlands of
Ethiopia revealed that, all of the respondents perceived population growth and
cultivated land expansion as the main drivers of LULC change; and the majority
of the respondents reported settlement, fuelwood collection, and charcoal mak-
ing as also important causes for the observed LULC changes in the study land-
scape.

This finding revealed that, cutting of woody plants for fuelwood and making
charcoal was the primary important driver of the observed LULC change (Table
1). This is directly connected with the wide use of biomass based energy source

in the country, particularly in the study areas [23] [24] [25]. Having the highest
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calorific value (7800 Cal g™'), acacia trees are preferred for charcoal making in
Ethiopia [26]. This intensified the selective cuttings of the acacia-dominated
woodlands that resulted in loss of the 95% of the coverage in the studied land-
scape in the last four decades [27]. Moreover, in the case of decline or failure of
crop production due to decreasing rainfall, the local people are dependent on the
sale of charcoal and fuel wood as an immediate source of income. Such coping
strategies were practiced in other parts of the country [23] [24].

This finding also revealed that, the population increment and expansion of
cultivated lands were other leading divers. There are Muslims in the study land-
scapes that still practice having more than two wives, which contributes for the
population increment. At the same time, to support the rising population, there
was a need for extensive agricultural production with continuous crop cultiva-
tion, which was the other driver of LULC change. This finding in line with the
report by [28] who found that population growth and expansion of cultivated
land were largely responsible for LULC changes in Northwest Ethiopia. Another
studies in other parts of the country also reported population pressure and agri-
cultural crops as major drivers of LULC changes [29] [30] [31] [32].

The mean above ground biomass of woody plants in Dire Dawa administra-
tion was 4.94 ton/ha (Table 2). Comparison of the mean above ground woody
biomass of three kebeles from each cluster has shown that Jeldesa cluster has the
highest above ground woody biomass (6.27 + 4.19) compared with other clus-
ters, which is attributed to the presence of well protected riparian forests and less
exploited for fuelwood and construction as it is far from major cities and less
populated pastoral area. The study of [5] revealed that there is less exploitation
of forests for fuelwood and construction when the area far from major cities.

The number of regenerants of tree species in the forest was low and only 36%
of the plots had tree regenerants. Similarly, 279 tree regenerants were recorded
out of the total 1116 observation where the remaining (837) regenerants are
herbaceous plants. The tree species with relatively higher number of regenerants
were Acacia tortilies (46), Acacia bussie (48), Acacia Senegal (32), Acacia meli-
fera (31) and Acacia nilotica (31). On the contrary herbaceous species such as
Opuntia spp (178), Aloe spp. (170), Cadia purpurea (161) and Lantana camara
(158) were found in abundant (Figure 2). The low number of tree regenerants is
attributed to human activities such as fuelwood collection, charcoal making. Be-
sids, the arid agro-ecology of the administration, limited germination and
growth of seedlings [33] [34].

As noted by [30] maintenance of natural regeneration requires sustainable
management of natural resources which demands integration of protective,
productive, social and environmental aspects of natural resources. In all sur-
veyed plots regeneration of shrub and herbaceous is higher than tree species,
which indicates the severity of degradation of woodlands, natural and plantation
forests. Furthermore, low regeneration of tree species will have negative impact

on the future biomass of the administration.
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5. Conclusions

The assessment of LULC change drivers revealed that the changes occurred in
the Dire Dawa Administration landscape due mainly to the interplay among
more than 6 drivers related to social, economic, environmental, and technologi-
cal factors. Specifically, cutting of woody plants for fuel wood and making char-
coal, population growth, expansion of cultivated land, drought, settlement areas
and livestock ranching are the major six important drivers of LULC changes as
viewed by the local people as well as from the detailed quantitative landscape
level analyses.

The findings further depicted that there was low woody plants above ground
biomass and low regenerants of tree species, among the main threat to the phys-
ical integrity, biomass and regeneration of woodlands and forests of the Dire
Dawa Administration, cutting of woody plants for fuel wood and making char-
coal, population growth, expansion of cultivated land were the top major factors.

The mean above ground biomass of woody plants in Dire Dawa Administra-
tion was 4.94 ton/ha, with maximum and minimum above ground biomass of
6.27 ton/ha and 3.90 ton/ha, respectively. The number of regenerants of tree
species was low and only 36% of the plots had tree regenerants. Thus, appropri-
ate policy and strategy centered on those major drivers are urgently required in
order to avert the ongoing undesirable LULC changes of resources in this im-
portant landscape of the Dire Dawa Administration. And proper cultivation of
the land with appropriate implementation of soil fertility management measures

and afforestation and reforestation activities are recommended.
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