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Abstract 

The objective of this review paper is to examine time series land use land cover change in 
Ethiopia. In the country, most Land Use and Land Cover (LULC) change studies have conducted 
at catchment level less than 43810 ha. It is thus difficult to understand national level LULC 
dynamics and its associate environmental impacts. The review result indicated that dramatic land 
use and land cover change trajectory has  occurred  in different parts of Ethiopia, resulting in the 
decline in forest, protected area,  and grasslands, whereas cropland has increased. In the northern, 
northeast and central highlands of the country, LULC change was noticed since early1860s as 
the photographs indicated agricultural land expansion, fuelwood collection and grazing pressure 
which have been practiced for more than three millennia. Although forest clearance leading 
LULC change started since about 1850, it has recently been accelerating in southwestern Ethiopia 
following immigration and settlement. New causes of LULC change have appeared in southwest 
lowlands as a result of population growth driven agricultural land expansion, government initiated 
medium to large scale agricultural investment, fuelwood and charcoal production for selling and 
settlement. Consequently, the conversion of LULC has had several impacts on the environment; 
particularly land conversion from forest to agricultural land has contributed to emission of C, loss 
of biodiversity and land degradation. In conclusion, proper interventions are needed to reduce 
these adverse effects of trade-off between natural resources base and economic development 
strategies, particularly agricultural investment. 
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Résumé 

L’objectif de cet article de synthèse est d’examiner les séries chronologiques des changements 
d’utilisation et de couverture des sols en Ethiopie. Dans ce pays, la plupart des études sur les 
changements d’utilisation et de couverture des sols (LULC) ont été menées au niveau de bassins 
versants de moins de 43810 ha. Il est donc difficile de comprendre la dynamique de l’utilisation 
des terres et de la couverture des sols au niveau national et les impacts environnementaux qui 
y sont associés. Les résultats de l’étude indiquent que des changements spectaculaires dans 
l’utilisation et la couverture des sols ont eu lieu dans différentes parties de l’Éthiopie, entraînant le 
déclin des forêts, des zones protégées et des prairies, tandis que les terres cultivées ont augmenté. 
Dans les hauts plateaux du nord, du nord-est et du centre du pays, le changement d’occupation 
des sols a été remarqué depuis le début des années 1860, les photographies indiquant l’expansion 
des terres agricoles, la collecte de bois de chauffage et la pression exercée par les pâturages, qui 
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sont pratiqués depuis plus de trois millénaires. Bien que le défrichement des forêts ait entraîné 
une modification du LULC depuis environ 1850, il s’est récemment accéléré dans le sud-ouest de 
l’Éthiopie suite à l’immigration et à la colonisation. De nouvelles causes de changement du LULC 
sont apparues dans les plaines du sud-ouest en raison de l’expansion des terres agricoles liée à 
la croissance démographique, des investissements agricoles à moyenne et grande échelle initiés 
par le gouvernement, de la production de bois de chauffage et de charbon de bois pour la vente et 
l’installation. En conséquence, la conversion du LULC a eu plusieurs impacts sur l’environnement 
; en particulier, la conversion des forêts en terres agricoles a contribué à l’émission de carbone, à la 
perte de biodiversité et à la dégradation des sols. En conclusion, des interventions appropriées sont 
nécessaires pour réduire ces effets négatifs du compromis entre la base de ressources naturelles et 
les stratégies de développement économique, en particulier l’investissement agricole.

Mots clés : Changement environnemental, Éthiopie, dégradation des terres, établissements 
humains

Introduction 

The growing human population associated with increased demand for food and settlements has 
substantially altered the natural environment and thus this process on the earth surface influences 
climate systems, which in turn affect the earth system. Despite natural process contribution, human 
made land use and land cover (LULC) change has been recognized as the primary contributor 
to land use and cover changes. As a result, this transformation of natural system affect climate 
parameters including CO2 cycle, hydrological cycle and the quality and quantity of ecosystem 
provisions (Matthews, 1983; Foley et al., 2005), and influences the ground water system (Scanlon 
et al., 2005).  Besides, woody vegetation in sub Saharan Africa has declined to 11% and the 
climate zone has shifted to drier zones due to human activities (Brandt et al., 2017). Subsequently, 
these continuous changes are a potential source of environmental change  in the present and future. 

In Ethiopia, particularly in the Northern and Northeast, LULC/deforestation driven land degradation 
is an old phenomena and might be related to the country’s civilization. There is a limited written 
documention in relation to the past environmental history/natural resource management. Pankhurst 
(1995) and McCann (1997)  tried to assess deforestation history  narrative, using both past traveler 
memory and ground based photographs, and the result show that vegetation cover changes started 
early. Bonnefille and Hamilton (1986) reconstructed the pattern of vegetation dynamics in the 
southwest lowland and highlands based on Macrofossils and pollen dated from 3 to 1.5 million 
years. Similarly, historical reconstructed result using pollen diagram revealed that there was 
vegetation cover change and decline between 1700 and 1820 in Ashenge Lake, northern Ethiopia 
(Lanckriet et al., 2015). Between 1800 and 1990, the predominant farming system, mainly ox-
plow, brought significant changes on the highland vegetation covers (McCann, 1995). As a result, 
most of the northern highlands’ dry evergreen forests, grasslands and a large part of the moist 
evergreen forests have changed to open farm and pasture lands (McCann, 2017). 

During Emperor Haile Selassie I regime (1930-1974), extensive deforestation took place 
subsequent to the promulgation of forest legislation because it placed all large forests under State 
ownership. Thus, State natural resource policy was responsible for aggravating the process of 
land degradation (Ibid). Although Derg regime (1975–1985) endorsed tree planting, deforestation 
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continued due to establishment of State farms, settlements, villegization and hence exacerbated 
the environmental degradation (Dechassa, 2015; Hassen, 2018). Federal Democratic Republic of 
Ethiopia government also conducted settlement programs to alleviate food insecurity, reduce land 
shortage and drought especially during 2003 to 2005. Besides, Growth and Transformation Plan 
encouraged the establishment of medium-sized and large commercial farms in the lowlands for 
crop production and biofuels. In line with this more than 1.2 million ha of land was transferred 
to both domestic and foreign investors between 2004 and 2008 (Mousseau and Sosnoff, 2011; 
Stebek, 2011; Franks et al., 2017). 

Thus, dynamics of the aforementioned LULC change has contributed to changes in the natural 
system. Despite environmental change modeling conducted globally, human induced historical 
LULC change which are used for modeling has not yet been conducted at country level in 
Ethiopia. Fragmented LULC change studies, however, are undertaken here and there. Compiling 
these available studies at small scale level is important to obtain  a sound picture which represent 
national scale. To the best of our knowledge, such a review has not been conducted in Ethiopia. 
Yet such information can be used to understand the driving forces of LULC change since in the 
past and present, the rates and locations of changes; impacts on earth natural system and global 
carbon balance. The objective of this paper, therefore, is to review the dynamics of land use and 
land cover changes in Ethiopia with the following basic questions: Where has land use and land 
cover changes happened in the past? What are the general trends of land use and land cover 
changes in Ethiopia? What have been the main drivers for land use and land cover change in the 
past, and how have they changed over time? What have been the environmental impacts of LULC 
changes into natural habitats at different scales in Ethiopia?

Methods

This review was undertaken through analysis of LULC change studied using global as well 
as country level studies, mostly of catchment level. Although the review included old study 
references, most LULC change studies in Ethiopia started recently using 1957 satellite image 
datasets. Few studies were also conducted by ground based photograph analyses and Participatory 
GIS application method in Northern highlands of Ethiopia. 

Land use and land cover change studies conducted in Northern highlands, Northwestern lowlands 
and highlands, western lowlands, southwest lowlands and highlands, Central Rift Valley, Southeast 
highlands, Central highlands and Northeast highlands of Ethiopia were compiled. In each location 
more than two studies were used as representative to make a good picture and highlight the 
characteristics and major driving forces of LULC changes. A total of 76 published articles related 
to the broader topics of LULC dynamics, causes and environmental impacts were compiled for 
this review which is lower than that used by Muluneh and  Arnalds (2010).  
  
In Ethiopia, most LULC change studies were conducted at catchment level covering  less than 
43810 ha except in the studies of Emiru and Taye (2014) and Degife et al. ( 2018), who covered 
0.1x106 and 2.55x106 ha, respectively. In addition, the definition of LULC types in each study 
is varied which makes it difficult to obtain uniform picture. Considering such inconsistency of 
definition, we identified few LULC types that have common definition across the studies as 
well as following studies published in repeatable journal (eg. see in Minta et al., 2018). In this 
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review, grass lands encompasses grazing and lands that has scattered trees dominating by grass 
whereas woodlands and shrublands were merged into woodland vegetation. Hence, the LULC 
types used in this review are natural forest lands, plantations, grass and grazing lands, woodland 
and shrublands, and croplands. Despite insufficient scientific information reviewed, the compiled 
data can still be used to demonstrate the spatio-temporal patterns of LULC change in the country.

Synthesis of the findings
Land use and land cover dynamics. Land use and land cover dynamics studies provide information 
about historical and spatial pattern of earth system as well as cause-effect for understanding of 
global change and climate change modeling. Despite this, the first attempts in Ethiopia were 
started only recently by Matthews (1983), who presented global vegetation and land use database 
in digital form for climate study. Recently, LULC change studies have widely been  undertaken    
worldwide to demonstrate the impact of LULC change resulting from  human activities on the past 
and future global climate changes (Matthews, 1983) and used for modeling global environmental 
change (Goldewijk, 2001; Song et al., 2018). Besides, estimation and mapping of global LULC 
change is also important to charaterize biodiversity loss and ecosystem deterioration (Foley et al., 
2005; Nelson et al., 2010; Brandt et al., 2017; OECD, 2018), global greenhouse gases emission 
(Fearnside, 2000; IPCC, 2014), and global surface attributes including earth surface albedo, 
radiation balance and changes in climate (IPCC, 2014).

Table 1 provides a summarized historical global LULC conversions. Despite the varied estimates 
of LULC change between studies in the same year, global agricultural lands including crop and 
pasture land have substantially increased. According to Ramankutty et al. (2008) estimates, 
croplands and pasture lands covered 15 million km2  and 28 million km2 during 2000, respectively. 
This is consistent with estimates in other studies (Matthews, 1983; Ramankutty and Foley, 1999; 
Goldewijk, 2001; Ramankutty et al., 2008; Goldewijk et al., 2011; Meiyappan and Jain, 2012), 
who  reported that majority of LULC conversion was carried out between 1990 and 2000 (Table 
1). However, the estimate of cropland was 17.6 million km2 in 1980 (Matthews, 1983) which 
was higher compared to Goldewijk (2001) estimate of 14.7 million km2 in 1990. Other recent 
estimates (Ramankutty et al., 2008; Goldewijk et al., 2011; Meiyappan and Jain, 2012) indicate 
that cropland was about 15 million km2 in 2000. This variability or uncertainty of LULC changes 
estimate might be associated with approaches used to reconstruct historical LULC change 
including common usage of potential vegetation map, rule-based approach to prioritize land-cover 
change, and land use data sets used as inputs (Meiyappan and Jain, 2012) which need further 
efforts to improve the estimates. 

Although this available global land use and land cover change  is advantageous, the estimates 
has faced uncertainty associated with scarcity of adequate subnational historical inventory data; 
downscaling of the regional data to solve this problem and others constraints were proposed 
(Goldewijk, 2001; Meiyappan and Jain, 2012). In Ethiopia, for instance, almost all land use and 
land cover change studies were done at catchment level (Muluneh and Arnalds, 2010; Hailu et 
al., 2018) which suggests that national land use data sets might not be well established. As a 
result, national level historical land cover change and land use conversion have not yet  been 
well estimated and reconstructed for  environmental change modeling and vegetation dynamics 
studies.
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Table 1. The summarized trends and extent of global land use and land cover changes

Reference year		  Forest/woodlands 	 Savana /Grass lands 	 Shrublands	 Plantation 	 Crop lands 	     Pasture	  Urbanization

Matthews (1983) (unit: million km2)
	
Pre-agricultural			   61.5			   33.9			   13		  -	             0.9		  -		  -
1980				    52.4			   27.4			   12.1		  -	           17.6		  -		  -

							       Ramankutty and Foley (1999) (unit: million km2)	
Undisturbed			   55.3			   33.4			   17.9		  -	              0.0		  -		  -
1700				    52.8			   32.3			   17.4		  -		  4		  -		  -
1850				    49.9			   31.4			   17.1		  -	              8.2		  -		  -
1992				    43.9			   26.7			   15.9		  -	            20.3		  -		  -

							       Goldewijk (2001) (unit: million km2)
Undisturbed			   58.6			   34.3			     9.8		  -	              0.0		  0.0		  -
1700				    54.4			   32.1			     8.7		  -	              2.7		  5.2		  -
1850				    50.0			   28.7			     6.8		  -	              5.4	              12.8		  -
1990				    41.5			   17.5			     2.5		  -	            14.7	              31.0		  -
							       Goldewijk et al. (2011) (unit: million km2)
1700												            -		  3		   3.24		  -
1900												            -	              8.5	              12.9		  -
2000												            -	            15.3	              34.3		  -
							       Meiyappan and Jain (2012) (unit: million km2)
1765				    45.4			   33.7			   16.9		  -	              3.5		  4.2		  0.0
1900				    37.7			   31.6			   14.6		  -		  8	              12.7		  < 0.1
2000				    29.5			   22.8			   8		  -	            14.8	              32.1		  0.4
2005				    29.4			   22.9			   8		  -	            15	              31.9		  0.5
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Land use and land cover changes across the regions in Ethiopia. In the northern highlands 
of Ethiopia, land management and vegetation trends have been analyzed based on ground based 
photograph taken at different  intervals such as 1868 and 2008 (Nyssen et al., 2009), and 1975 
and 2006 (Munro et al., 2008). In their studies, the comparison of the results revealed promising 
vegetation recovery although land degradation, as a result of  LULC changes, started about 1868 
as the photographs indicate. Pankhurst (1995) also stated that the first wildlife destruction started 
since the eighteen century in Northern Ethiopia and later in the southern part of the country. In 
north Ethiopia, small scale study using Participatory GIS method indicated that 75% of forest 
and 11% of grazing land were converted to cropland about 50 years ago (Aynekulu et al., 2006). 
Hence, historical evidences show that LULC change is an old phenomena  which may have started 
since Ethiopian civilization. 

As the result of European intrusion into Ethiopia LULC changes resulted in agricultural land 
expansion for increasing provisions to soldiers and firewood demand, and this occurred in northern, 
northwestern and central highlands of Ethiopia, particularly in and around the settlement areas 
(Pankhurst, 1995). Table 2 shows the four decade phenomena of LULC changes in northwest part 
of the country. In this region, most of the land use and land cover changes trajectory occurred 
between 1957 and 1982, for instance, 93.8% of forest were lost or converted to other land uses 
whereas cultivated lands increased by 78.0% (Zeleke and Hurni, 2001). Similarly, LULC change 
has continued, particularly, substantial amount of forest and grasslands were converted to other 
uses. Demissie et al. (2017) estimated that as much as 45.3% of forest land was converted to 
cropland whereas the size of degraded lands  increased until 2015. This implies that despite the 
knowledge that  environmental impact of LULC changes have been well recognized, the practice 
has continued in the country because of  cultivation for long periods mainly in the highlands, and 
this has resulted in decline in the quality of soil physiochemical properties (Lemenih et al., 2005). 
According to Zeleke and Hurni (2001) report, however, the forest cover of Dembecha increased 
to 2% in 1995 due to afforestation. 

Table 2. The historical trends of land use and land cover changes in Northwest Ethiopia

Sources 			   Year 		  Forest 		  Grass/		  Woodland /      Crop lands 	 Area 
			   covered 		  lands		  grazing lands	  shrublands       (ha)		 covered	

Demissie et al. (2017)	 1973		  4758		    12050	  			       6961	   26580.9 ha
			   1985		  2969		    11495	  			       8925	
			   1995		  1687		      9933	  			     10975	
			   2003		  1234		      7993	  			     13251	
			   2015		    845		      7083	  			     14804	
Tadesse et al. (2017)	 2001	  	 1509	  	     4887				      15085
			   2010	  	   643	  	     5590	
			   2015	  	 1255	  	     5266	
Zeleke and Hurni (2001)	 1957		  7342		      7544	  			     10692	      27103 ha
			   1982		    452		     5579	  			     19031	
			   1995		      82		      4063	  		                    20893	
Alemu et al. (2015)		 1985	  			   180422		  850148	                 253093	     3 districts
											                           were covered
   			   1995	  			   173868		  780511		  312500	      (lowlands)

			   2010	  			   172990		  621420		  432455	
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Although LULC change has occured in the highlands, recently it is also a major challenge in the 
lowlands of Ethiopia. This is because of agricultural intensification  resulting in declining soil 
fertility in the highlands (Taddese, 2001; Lemenih et al., 2005), leading to migration of people in 
search of additional land (Lemenih et al., 2014). Further, government initiatives such as the growth 
and Transformation Plan has put in place large scale agricultural investment for the production of 
export crops and biofuels. In line with this, from three districts LULC change analyses, 21.5% of 
woodlands and shrublands (Table 2) were converted to other LULC types while agricultural lands 
increased by 38.4% between 1995 and 2010 in northwest Ethiopia (Alemu et al., 2015). 

Although forest clearance leading LULC change started since 1850 (Bonnefille and  Hamilton, 
1986; Pankhurst, 1995; McCann, 1997), the conversion of  natural earth system, including natural 
forest, to mainly agricultural lands in southwestern Ethiopia has accelerated recently following 
environmental-induced land degradation, drought and famine in the northern and central highlands 
of the country. In line with this 80% of natural forests in Sheki village, one of the settlement areas, 
were converted to other LULC types due to resettlement of mass migrants and indigenous peoples 
changing their farming practice between 1957 and 2007 (Getahun et al., 2017). According to Reid 
et al. (2000), the crop land expansion between 1987 and 1993 actually started two decades ago 
(1957-1973). In South Central Rift Valley, about 40324 ha of forest lands were converted to mainly 
agricultural lands (Table 3) of which 17% was reforested between 1972 and 2000 (Gessesse and 
Kleman, 2006). 

Furthermore, government development policy, agricultural industrialization thrust achieved 
through increasing large scale agricultural investment, is a new emerging challenge for lowlands 
natural resources. This agricultural investment has focused on four major regions namely Gambella, 
SNNPR, Benishangul, and Oromia which are located in Southwest Ethiopia. Between 2004 and 
2008, about 1.2x106 (Mousseau and  Sosnoff, 2011) to 1.205x106 ha (Stebek, 2011) of lands were 
transferred to both domestic and foreign investors. This indicates that agricultural land expansion 

Sources 

Azeb et al. (2018)*

Emiru and Taye 
(2014) 

Dessie and Kleman 
(2007)

Gebreslassie (2014) 

Coverage 
year

1987
2000
2017
1957
1982
2006

1972
2000

1973
1980

2000
2009

Forest 
lands

   4188
   4524
   3948
   5200
   2598
         0

48924
   8600

   4714

   2246

   1233
    322

Grass/grazing 
lands

       13716
       10704
         9112
       10500
         5858
             45

                -
                -

         6407
         5036
         2512
           772

Woodland /
shrublands

 
 
             - 

    58700
    49361
    24423

             -
             -

      5097
      5262

      4843
      1229

Crop 
lands 

  2121 
  2095
  2694
12200
34534
64800

        -
        -

  5525
  8199
12735
18142

Area coverage 

Table 3. The historical trends of land use and land cover changes in Southwest Ethiopia

  25,521
   km2

100500
  ha 

   in ha

   21831 
   ha

	

	
Gambella at 
regional level

Benishangul Gumuz 
at district level

South Central Rift 
Valley at watershed

Central Rift Valley 
at watershed level
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was undertaken at the expense of natural forest, woodlands and shrublands and grass lands. As 
a result,  55.6% of LULC change has occurred in Gambella Regional State (Stebek, 2011). As 
Degife et al. (2018) pointed out large scale commercial farmlands increased by 269% while small 
scale farmlands has decreased in the last three decades. Beside, tropical grasslands have decreased 
from 53.7% in 1987 to 35.7 in 2017. Out of the total coverage of Gambella National Park, 23.7% 
of the land was transformed to other LULC types however the size of wetlands has increased since 
1987 which is described in Degife et al. (2018).

In Benishangul Gumuz Regional State, Mandura district lost its forest cover, whereas the grazing 
lands and both woodland and shrublands have decreased by 99.6% and 58.4%, respectively while 
croplands increased by 431.1% between 1957 and 2006 (Emiru and Taye, 2014). This implies  that 
most land use and land cover changes in southwestern Ethiopia, particularly in the lowland, is a 
recent trajectory compared to in the northern, northeastern and central highlands of the country. 
Besides, these lowlands are the major focused area for the production of agricultural commodities 
by the government and other domestic and foreign investors. 

Historical sources indicated that land cover change takes place following movement of Ethiopian 
King’s army and their settlement. Peoples cut trees in order to provide provision for the army  for 
use as energy sources (Pankhurst, 1995; McCann, 1997). McCann (1997) collected and analyzed 
the ancient traveler views, talks and picture (Figures 1 and 2). The author found similar views 
that the forests were cleared for crop production and fuel wood. The author  concluded that 19th 
century landscape was not a heavily forested one.  Thus, land cover changes might have started 
following Ethiopian civilization in the northern part of Ethiopia (Tigray) and come to the Wollo 
dynasty.

Land use and land cover changes in the central highlands of Ethiopia has continoued (Table 4). 
In Galessa and the surrounding mountain areas, part of central highlands, the woodlands have 
been  lost; forest lands have declined from 20.5% to 5.6% and pasturelands were converted to 
croplands,  with conversion index greater than 3.81 between 1957 and 2014 (Minta et al., 2018). 
In their study, the croplands were increased by 170.3% at the expense of pasture, forest and 

Sources 

Minta et al. 
(2018)

Tegene (2002)

Agidew and 
Singh (2017)

Year coverage

1957
1980
1995
2014

1957
1986
2000

1973
1986
2015

Forest lands

8985
5068
5094
2471
 
 
 

584
520
32

Grass /grazing 
lands

21261
19106
7556
6935

193
290
333
3584
3230
2394

Woodland /
shrublands

2147
2745
0
0

251
105
39
4317
4084
3789

C r o p 
lands

10955
15814
29728
29608

994
1064
1079
5854
6695
8265

Plantation 

26
150
923
3610
 
 
 
 
 
 

Area coverage 

43810 ha

1528 ha

15195 ha

Table 4. The historical trends of land use and land cover changes in Northeast and central highlands 
of Ethiopia
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woodland while croplands has changed back to pasture land because the status of soil fertility  as 
a result of widespread cultivation. In the Northeast highlands, similar historical land use and land 
cover dynamics has taken place despite little information as to when this trajectory started. Recent 
studies at watershed scale indicated that LULC change varied with sites, for instance grass land 
has increased from 1.6% to 4.7% (Tegene, 2002), whereas it shows a sign of declined (Agidew 
and Singh, 2017). The shrub lands, however, have declined across the study sites from 27.6% to 
13.5% (Tekle and Hedlund, 2000), 16.4% to 2.5% (Tegene, 2002) and 28.4% to 24.9% (Agidew 
and Singh, 2017) in the entire study periods.

Causes of land use and land cover changes in Ethiopia. Land use and land cover change is very 
serious problem and the process has been continouing alarmingly in tropical regions including 
Ethiopia. These transformation can be driven by natural process and anthropogenic activities or a 
combination of several factors. Among others, growing human population driven LULC change 
is the most prevalent in Ethiopia and hence the given below causes in Figur 3 are associated with 
human activies. Out of the total reviewed papers, sixteen papers pointed out  that population 
growth triggered change as the primary cause of LULC. In the highlands of Ethiopia, agriculture 

Figure 1. The 19th century deforestation, wood to sell in Ankober, central highlands of Ethiopia, 
1880 (Source: McCann, 1995)

Figure 2. View of the Shawan highlands (left side) and rural Shawan house (right side) (note dung pile 
at left), 1888 (Sources: McCann, (1997))
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land expansion, w
ood harvesting 

for 
fuelw

ood 
and 

charcoal 
production, 

overgrazing, 
land 

tenure have been identified as m
jore 

contributors to LU
LC (Table 5). 

This is consistent w
ith the review

 
in 

relation to 
deforestation 

and 
land degradation in the highlands 
(Bishaw, 2001), w

ho docum
ented 

the m
ajor causes  of LU

LC such 
as hum

an forced agricultural land 
expansion, 

shifting 
 

cultivation, 
energy scarcity, grazing pressure 
and m

ovem
ent of political centers. 

A
s a result, recently, about 0.2x106 

ha of m
oist afrom

ontane forests 
w

ere lost betw
een 2000 and 2013 

(Franks et al., 2017). 

In N
orthw

est, W
est and Southw

est 
low

land part of the country, new
 

em
erging 

driving 
forces 

since 
1957 w

ere docum
ented such as 

settlem
ent, w

hich has resulted in 
environm

ental 
induced 

drought 
and fam

ine in north and northeast 
Ethiopia, large scale agricultural 
investm

ent, 
m

igration 
from

 
the 

highland, 
m

arket 
forces, 

policy 
incentives for farm

ing and w
eak 

form
al regulatory system

 (Em
iru 

and Taye, 2014; Lem
enih et al., 

2014; A
lem

u et al., 2015; D
egife 

et al., 2018). A
s a result, 0.65x106 

ha 
of 

Com
bretum

-Term
inalia 

w
oodland vegetation has  been 

converted 
to 

agricultural 
lands 

betw
een 2000 and 2013 (Franks 

et al., 2017) although Ethiopian 
governm

ent 
has 

developed 
Clim

ate-Resilient G
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The impacts of land use and land cover changes. Human induced emission of C from various 
sources including conversion of LULC has had several impacts on the global environment. Global 
average CO2 concentration in the atmosphere has increased to 399.4 ± 0.1 ppm in 2015 while 
annual rates of emission was 9.9 ± 0.5 GtC of which LULC change contributed about 1.0 ± 0.5 GtC 
(25%) (Quéré et al., 2016). Despite this, little information  is available about the overall impact of 
LULC on global change. Ethiopia emitted 150 Mt CO2 eq in 2010 which is insignificant compared 
to in developed countries but this will ncrease to 400 MtCO2 eq  about until 2030 (CRGE, 2011). 
Of these, livestock, crop cultivation, deforestation and forest degradation and combination of 
other sectors emitted 65 (42%), 12 (9%), 55 (37%) and 19 (12%) GtCO2eq, respectively. Recently, 
the forest sector in Ethiopia emitted 19.5 GtCO2 and gained 10.2 GtCO2 with net emission of 
9.3GtCO2 from deforestation alone between 2000 and 2013 (MEFCC, 2016). This indicates that  
deforestation and forest degradation is still occuring at  alarming rates although the extent of 
aforestation shows a sign of enhancement. 

In Ethiopia, the projected agricultural land expansion to achieve the growth demand of food 
production will be increased by 3.9% (0.55x106 ha) (Franks et al., 2017) which could be achieved  
through land expansion at the expense of natural vegetation. Such continuing human influence 
coupled with previous deforestation might  lead to more deterioration ecosystem function, loss of 
biodiversity,  water bodies and global warming, which in turn will affect the welfare of humans, 
plants, animals and micro-organisms negatively ( Teketay, 2004; Eshete et al., 2011; Lemenih and  
Kassa, 2011). Besides, it will cause habitat fragmentation (Miles et al., 2006), shrinking protected 
area (Degife et al., 2018; Wassie et al., 2007), and eventually species extinction (Whithore and 
Sayer, 1992).
 
Although these disadvantageous of LULC changes occurred, recently degraded lands and natural 
forests have changed to plantation forest to fulfill the growing demand of wood and wood products. 
Hence, the extent of global production of forests has increased (FAO, 2015; Keenan et al., 2015; 
Köhl et al., 2015) which comprised 30% of the global forest covers (FAO, 2015). In this case, 
LULC change practices have advantages despite that the natural ecosystem has changed. 

Several studies (Nambiar, 1999; Carle et al., 2002; Montagnini and Jordan, 2005; Gunter et 
al., 2011; Lemenih and Kassa, 2014) have demonstrated the potential roles of forest plantation 
for economical, social and ecological benefits. Forest plantation can facilitate forest succession 
through modification of biophysical conditions (Keenan et al., 1999; Parrotta, 1999; Parrotta 
and Jones, 1997; Eshetu, 2001; Carnevale and Montagnini, 2002; Senbeta et al., 2002), maintain 
biodiversity (Keenan et al., 1999; Parrotta, 1999; Carle et al., 2002; Hartmann et al., 2010; Coote 
et al., 2012) and improve soil attributes (Parrotta, 1999; Zhang and Chu, 2011). Besides, it can 
sequester atmospheric CO2 for growing and accumulation of  biomass which is  estimated 250  at Gt 
C (FAO, 2015). It also serves as a tool for economic development (Montagnini and  Jordan, 2005) 
due to the fact that they are sources of wood and wood products such as timber, panel production, 
pulp wood, energy source and non timber forest products. Furthermore, forest plantation practice 
creates employment opportunity for millions of people (Carle et al., 2002; Montagnini and 
Jordan, 2005; Gunter et al., 2011). These benefits of forest plantation have encouraged planting 
of fast growing tree species to fulfill shortage of wood supply and has to increasing reforestation 
practices, including in Ethiopia (FAO, 2010) to  0.972x106 ha (FAO, 2015). 
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Local scale LULC change study provides a basis for  understanding of the causes and identify new 
changes which have not been covered by general principles (Lambin et al., 2003). In addition, 
catchment scale studies also improve the understanding of LULC change effect on a particular 
or single resource. Surface runoff is influenced by LULC types. For example, Hurni et al. (2005) 
estimated a 5 to 30 times more surface runoff in farmlands compared to vegetative lands. This 
indicates that  soil nutrients are washed through erosion at the croplands.  For instance, the 
concentration of soil organic C and total N was 1.2% and 0.2% in farmlands lower than  in dense 
forest with 2.3% of C and 0.3% of total N (Berihu et al., 2017). This is  also consistent with the  
findings of Lemenih et al. (2005), who found that  deforestation and subsequent cultivation affected 
the soil qualities negatively and this led to land degradation in the highlands (Bishaw, 2001; 
Taddese, 2001; Lemenih et al., 2005). Beside, ecological problems as a result of deforestation 
(Uhlig, 1992), long term traditional land management and use have been eroded and the land 
resources and productive capacity has declined leading to significant negative impact on human 
well-being including frequent famine episode in Ethiopia (Hurni, 1993).

Conclusion and future direction 

Quantification and understanding of land use and land cover changes have been undertaken using 
improved assessment methods at global as well as regional levels. The results have been used 
for modeling environmental change including biogeochemical cycle, hydrological cycle, climate 
change projection and the impact of human activities on the earth system process. Besides, it 
is important to reconstruct the historical interaction of human and environment to support 
introduction and implementation intervention.   

Despite these efforts, land use and land cover change monitoring started only and recently in 
Ethiopia. As a result, country and regional scale (except Gambella) land use and land cover 
change studies have been initiated but are limited by lack of historical land  in understanding 
and describing the historical changes in the environment and associated cause-effect. Thus, few 
scientists have tried to recognize the previous environmental history bases on pollen diagram, 
collecting the ancient traveler memory, and ground based photographs. This review reveals that 
land use and land cover change  in the form of deforestation is an old phenomenon in the highlands 
but not clearly known when the event started in northern and northeast highlands, whereas it is 
a recent trajectory for southwest Ethiopia. Agricultural land expansion, fuelwood collection and 
movement of political centers were the major causes  of LULC in the early 1850s. 

Ethiopian regime systems have put their footprint on the natural resources. To our knowledge, 
deforestation and  overexploitation in the northern, northeastern and central highlands may be 
linked with Ethiopian civilization which resulted into complex environmental problems including 
land degradation, drought and erratic rainfall. The combination of this human catastrophic and 
natural events brought famine in the aforementioned parts of the country and hence settlement 
was started in Northwest, west and southwest since 1950. Land use and land cove change has 
dramatically changed following settlements between 1950 and 2006. New driver of LULC change 
has emerged in the lowland parts of Ethiopia as a result of settlement, large scal agricultural 
investments, migration from the highland, market forces, policy incentives for farming and weak 
formal regulatory system. Thus, land degradation in the form of vegetation loss, soil fertility 
decline and imbalanced hydrological cycle is characteristics of  the highlands but it is also now
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a  challenge of lowlands. Appropraite interventions in terms of sustainable land use planing is, 
therefore, needed in order to manage these adverse trade-off between natural resource management 
and development strategy. 

Future direction 
The causes and possible undesirable consequence of the ongoing land use and land cover change 
needs urgent interventions to reduce the events. Thus, the given below directions could be 
considered at any levels of policy makers:
•   Improve and diversify the rural livelihood strategies by introducing environmental sound  

technologies (innovative technologies) that modify the traditional agriculture 
•    Introduce climate smart alternative energy sources with affordable cost to rural households 
•    Upgrade the existing soil and water conservation work efforts to minimize soil erosion 
•  Develop and implement realistic, effective and comprehensive sustainable land use
     planning and management strategies
•   Establishing land use database which is used for studying environmental change, agronomy 
     and other related field of studies 
•     Refine and implement the existing forest management policies by making better institutional 

integration, especially between forest sector and agriculture 
•  Revise the CRGE, particularly GTP, to reduce the trade-off between natural resource base and 

economic development strategies despite the fact that CRGE was developed by accommodating 
environmental issues. 
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