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RÉSUMÉ

TRANSITIONS ALÉATOIRES ET 
SYSTÉMATIQUES DANS L’UTILISATION  
ET LA COUVERTURE DES TERRES DANS  
LE NORD-EST DU WOLLEGA EN ÉTHIOPIE
 
Des changements importants dans l’utili-
sation et la couverture des terres se pro-
duisent en Afrique à différentes échelles. 
Ces changements comprennent la défo-
restation suivie de la mise en culture 
des terres, de leur conversion en prairies 
ou leur urbanisation. Le présent article 
rend compte des travaux entrepris pour 
analyser les changements d’utilisation 
des terres dans le nord-est du Wollega 
(Éthiopie) entre 2005 et 2015. L’ana-
lyse a porté sur des transitions systéma-
tiques ou aléatoires, en identifiant les  
principaux facteurs de changement. Des 
données Landsat pour la période 2005 
à 2015 ont été analysées pour mieux 
cerner les différentes dimensions des 
transitions : échanges, pertes, gains, per-
sistance et vulnérabilité. Nos résultats 
indiquent les gains les plus importants 
pour les formations arbustives (22  %), 
avec un rapport gain/pertes de 63 %, un 
rapport gain/persistance de 47  % et un 
rapport net positif de 46 % pour le facteur 
changement/persistance. Les terres agri-
coles reculent le plus (19 %) alors que les 
prairies restent le type de végétation le 
plus stable, malgré quelques fluctuations 
(≈ 10 %) observées pendant la décennie 
étudiée. La transition est dominée par 
des processus systématiques, avec peu 
de processus aléatoires. Les transitions 
systématiques comme la déprise agricole 
ou la repousse forestière sont attribuées 
à des processus d’évolution réguliers 
ou communs. Cette étude indique que 
la mise en place de pratiques aptes à 
favoriser une intensification durable de 
l’agriculture existante, avec l’appui de 
politiques de diversification de l’agricul-
ture éthiopienne, permettrait de réduire 
la pression sur les forêts en évitant leur 
conversion future en terres agricoles.
 
Mots-clés : déprise agricole, déforestation, 
repousse forestière, sécurité foncière, 
intensification durable, Ethiopie.

ABSTRACT

RANDOM AND SYSTEMATIC LAND-COVER 
TRANSITIONS IN NORTH-EASTERN 
WOLLEGA, ETHIOPIA

Africa has seen significant changes in 
land cover at different spatial scales. 
Changes in Land Use and Land Cover 
(LULC) include deforestation and subse-
quent use of the land for arable cropping, 
conversion to grassland or urbanization. 
The work reported in this article was 
conducted to examine land cover transi-
tions in north-eastern Wollega (Ethiopia) 
between 2005 and 2015. The analysis 
focused on land cover transitions that 
occurred systematically or randomly, 
and identified the main drivers for these 
changes. Landsat data from 2005 and 
2015 were examined to better unders-
tand the various dimensions of land 
cover transitions, namely: swaps, losses, 
gains, persistency and vulnerability. 
Results showed that shrubland exhibited 
the largest gain (22%), with a 63% gain-
to-loss ratio, a 47% gain-to-persistence 
ratio and a positive net change-to-persis-
tence ratio of 46%. Cropland showed the 
largest loss (19%) while grassland was 
the most stable type of land cover des-
pite some fluctuation (≈10%) observed 
during the 10-year period. The land cover 
transition was dominated by systematic 
processes, with few random processes of 
change. Systematic land cover transitions 
such as agricultural abandonment and 
vegetation re-growth were attributed to 
regular or common processes of change. 
This study suggests that the implementa-
tion of practices conducive to sustainable 
intensification of existing agricultural 
land, supported by policies that promote 
increased diversification of Ethiopian 
agriculture, would mitigate pressure on 
forests by avoiding their future conver-
sion to cropland.

Keywords: cropland abandonment, defo-
restation, forest re-growth, soil security, 
sustainable intensification, Ethiopia.

RESUMEN

TRANSICIONES ALEATORIAS Y 
SISTEMÁTICAS EN LA COBERTURA DE LA 
TIERRA EN EL NORESTE DE WOLLEGA  
EN ETIOPÍA 

África ha experimentado importantes 
cambios en el uso y la cobertura de la tierra 
en diferentes escalas espaciales. Dichos 
cambios incluyen la deforestación seguida 
del cultivo de las tierras, la conversión 
en pastizales o su urbanización. Este 
artículo da cuenta de las investigaciones 
realizadas para analizar los cambios 
de uso de la tierra en el noreste de 
Wollega (Etiopía) entre 2005 y 2015. El 
análisis se centró en las transiciones 
sistemáticas o aleatorias e identificó 
los principales factores de cambio. Se 
analizaron los datos de Landsat del 
período 2005 - 2015 para comprender 
mejor las diferentes dimensiones de las 
transiciones: intercambios, pérdidas, 
ganancias, persistencia y vulnerabilidad. 
Nuestros resultados arrojan la mayor 
ganancia para el matorral (22%), con una 
relación ganancia/pérdida del 63%, una 
relación ganancia/persistencia del 47% 
y una relación positiva neta del 46% para 
el factor cambio/persistencia. Las tierras 
de cultivo muestran el mayor retroceso 
(19%), mientras que los pastizales son 
el tipo de cobertura más estable, a pesar 
de algunas fluctuaciones (≈10%) obser-
vadas durante la década estudiada. La 
transición está dominada por procesos 
sistemáticos, con escasos procesos alea-
torios. Las transiciones sistemáticas como 
el abandono de tierras agrícolas o la rege-
neración forestal se atribuyen a procesos 
de evolución regulares o comunes. Este 
estudio sugiere que el establecimiento 
de prácticas conducentes a una inten-
sificación sostenible de la agricultura 
existente, con el apoyo de políticas que 
favorezcan la diversificación de la agricul-
tura etíope, reduciría la presión sobre los 
bosques evitando su futura conversión en 
tierras agrícolas.      
 
Palabras clave: abandono de tierras 
agrícolas, deforestación, regeneración 
forestal, seguridad del suelo, intensifica-
ción sostenible, Etiopía.

A. Adugna, A. Abegaz, A. Legass,  
D. L. Antille
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Introduction

Studies using remote sensing technology have shown 
that land-cover changes are mainly due to deforestation, 
expansion of cropland areas, including areas used for pas-
tures, urbanization, and increased desertification (Carmona 
and Nahuelhual, 2012; Belay et al., 2015). Such changes in 
land-cover are more significant in tropical regions compared 
with areas outside the tropics (Lambin et al., 2003). For exa-
mple, the rate of deforestation in tropical countries was esti-
mated to be approximately 7 million hectares per year on 
average between 2000 and 2010 while the rate of forest 
re-growth was estimated at about 1 million hectares per year 
over the same period (FAO, 2015). By contrast, the area used 
for cropping in tropical regions exhibited a gain of approxi-
mately 6 million hectares per year during the 10-year period 
indicated above. Globally, the expansion of agricultural land 
has mainly occurred at the expense of forests and natural 
areas of non-agricultural use, which have shrunk by approxi-
mately 16% and 5%, respectively (Brink and Eva, 2009). 
Underlying factors affecting conversion of forest into cropped 
land are: population growth, socio-economic changes, active 
policy intervention or lack of appropriate policy measures 
aimed at protecting the natural environment, and technology 
changes (Lambin et al., 2003). 

Recent studies conducted in Ethiopia (e.g., Messay, 
2011) showed that the main land-covers are: woodland 
(27%), shrubland (21%), cropping (19%), grassland (12%), 
natural forest (4%), and other land uses (17%), which 
includes urban and industrial areas, mining areas, and moun-
tains. Land-cover changes such as expansion of subsistence 
crop production into the ecologically-fragile environments of 
the Ethiopian highlands and deforestation have been signi-
ficant over the past few decades (Kassa et al., 2011). These 
changes in land-cover have contributed to increased soil ero-
sion rates and reduced land productivity, and are mentioned 
to have adverse effects on climate change (Bewket and Teferi, 
2009; Nyssen et al., 2015). In eastern Ethiopia, Mohammed 
(2013) also showed that the area of cultivated land expanded 
as a result of deforestation, which has resulted in increased 
erosion in the catchment of Lake Alemaya. Demeke (2013) 
quantified and mapped the extent and spatial patterns of 
land-cover over a 30-year period in the Borodo watershed 
in central Ethiopia, and showed that open lands expanded 
because of progressive removal of shrubs and forest. Fur-
ther work by Yodit and Fekadu (2014) examined land-cover 
changes in the Kebribeyah district of the Somali Region of 
Ethiopia and reported greater settlement areas due to popu-
lation growth. Other drivers of land-cover changes identified 
by Yodit and Fekadu (2014) were: price incentives, interven-
tion by development agencies, change in land tenure and 
development of urban infrastructure, attitudinal change of 
pastoralists, and deforestation. Similar observations in terms 
of land-cover dynamics were also reported by Amanuel and 
Mulugeta (2014) for the Nada Asendabo region in south-wes-
tern Ethiopia. A requirement for further work has been iden-
tified to determine dominant land-cover changes, when and 
where, and at what rate these changes take place. Therefore, 
this study investigated land-cover changes observed in nor-
th-eastern Wollega and discussed processes of land-cover 
transition associated with those changes. 

Accurate information on processes driving land-cover 
changes may be obtained through the detection of dominant 
land-cover transitions (Pontius et al., 2004; Braimoh, 2006). 
Land-cover transitions can be classified as random or syste-
matic based on the rate of change (Pontius et al., 2004; Brai-
moh, 2006). Abrupt or unique processes of change in land-co-
ver are regarded as random (Carmona and Nahuelhual, 2012). 
Random land-cover changes are caused by unexpected fac-
tors such as spontaneous migration, conflicts, insecure land 
tenure, changes in socio-economic conditions, as well as fac-
tors influencing agricultural production (Lambin et al., 2003). 
Systematic transitions are characterized by permanent, stable 
or common processes of change. Population growth, large-
scale commercial agriculture and subsistence agriculture, 
lack of public awareness on environmental management-re-
lated issues, and changes in functions of institutions that 
control the right to use natural resources are often regarded as 
the main factors driving systematic transitions (Siren, 2007). 
North-eastern Wollega (Ethiopia) has a relatively rich natural 
environment in terms of its diversity, and has experienced 
significant changes in land-cover (Urgesa et al., 2016). For the 
area relevant to our study, there appears to be a knowledge 
gap in identifying systematic transitions and understanding 
the determinants for such transitions. Therefore, the objec-
tives of this study were to: (i) identify systematic and random 
transitions and their determinants, and (ii) explore the impli-
cations of those transitions for land management and food 
security in Northeastern Wollega, Ethiopia. 

Materials and methods

Study area

The study area (figure 1) is located in north-eastern Wol-
lega and within the Horo-Guduru Wollega region (Ethiopia), 
which covers an area of 14,979 ha that extends from 9°45’ N 
to 10°00’ N, and from 37°00’ E to 37°15’ E, respectively. The 
mean annual temperature is 27°C and the mean annual rain-
fall is approximately 1,900 mm. North-eastern Wollega is the 
source of the Hangar River, which is the main tributary of Nile 
River (locally known as Abay). Dominant tree species include 
Juniperus sp. (Tid), Podocarpus sp. (Zigba), Olea europaea 
(Woyera), Rosa abyssinica (Kega) and Carissa edulis (Agam). 
Nitosols are the dominant soil type on undulating ground and 
steep slopes (Adugna and Abegaz, 2016). Relatively flat river 
valleys have well-developed Vertisols, whereas Regosols and 
Cambisols are also found on steep slopes areas. The area has 
a population of ≈59,000, which has increased at an average 
rate of ≈3% per year. Agriculture is the primary form of occu-
pation for about 90% of the population, and includes both 
cropping and livestock farming. The main crops are cereals, 
which are produced for subsistence. Livestock is usually 
tethered and uses the ‘‘cut and carry’’ feeding system. Cut 
and carry, also known as zero-grazing, is a feeding system 
consisting of cutting, collecting and transporting the forage 
to the cattle, which is maintained indoor. Horse-carts are 
used for carrying the harvested forages from the field. This 
system is commonly practiced by smallholder farmers. 



Data source and land-cover sampling 

Landsat images from 2005 and 2015 were used to 
identify land-cover transitions. The Enhanced Thematic Map-
per-Plus from Landsat 5 (February 2005 and February 2015, 
path 168, row 55) was the source of data. February was 
selected because it is the driest month in Ethiopia when the 
sky is free from clouds obstruction and sensors are able to 
capture untainted surface reflectance. Using Band 3 (visible 
0.63-0.69 µm) and Band 4 (near-infrared 0.75-0.90 µm), the 
images were radiometrically corrected based on sensors’ 
calibration parameters provided by the satellite images and 
Equation 1 (Awdenegest and Holden, 2009): 

min
minmax

255
LDN

LL
L +=  (1)

where: L is the radiance (Wm-2 sr-2), and DN is the digital 
number, subsequently used to calculate the NDVI, as follows 
(Equation 2):

(NIR + R)

(NIR – R)
NDVI =

 (2)

Where NDVI is the Normalized Difference Vegeta-
tion Index, NIR is the spectral reflectance measurements 
acquired in the Near Infrared channel, and R is s the spec-
tral reflectance measurements acquired in the red channel.

NDVI data were ana-
lysed to define cover classes. 
Generally, NDVI ranges from 
-1 to 1, where higher values 
reflect higher vegetation 
cover and lower values repre-
sent shrubland, grassland, 
cropland and settlement. 
Landsat Enhanced Thematic 
Mapper (ETM+)-derived NDVI 
data were categorized into 
5 land-cover classes listed 
above based on the values 
from the literature (e.g., Smith 
et al., 2007) and field obser-
vations. Land-cover classifi-
cation was performed using 
the supervised maximum like-
lihood algorithm classifier 
to allocate pixels to land-co-
ver classes (Oudraogo et al., 
2015). After the land-covers 
were classified, changes were 
calculated and maps were 
prepared. ArcMap geographic 
information system was used 
for analysis and preparation 
of the maps.

The two maps (2005 
and 2015 Landsat images) were geometrically rectified 
into the Universal Transverse Mercator-World Geodetic 
System (UTM-WGS 84 Zone 37) ahead of change detec-
tion. This was performed using topographic maps and dig-
ital elevation models derived from Landsat images. A tas-
selled cap orthogonal transformation of the original bands 
was performed to improve the visual classification of land-
cover types. This process required a thorough ground truth-
ing, which was conducted in 2015 to include collection of 
ground control points, training areas, ground-check and vali-
dation. The number of samples (n) for training areas and the 
validation for each of the land-cover classes was selected 
by applying Equation (3) from the multinomial distribution 
(Congalton and Green, 1999), as follows: 

( )
2

1

i

ii

b

B
n =

π π  (3)

where: B=6.63 is the upper x 100th

k

α� �
 

percentile of the  
 
x2 distribution with one degree of freedom, π denotes a 0.01 
level of significance, and π

i
 (i = l…,k)is the proportion of the 

population in the ith category, b is the absolute precision 
of the sample, k is number of land-cover categories. Equa-
tion (3) is calculated for each of ‘k’ categories and ‘n’ for all 
categories is subsequently selected proportional to the size 
of the category. The analysis used a 95% confidence level, 
which is considered to be appropriate based on related stu-
dies, and the absolute precision was set at 0.05. For the 

Figure 1.
Map of the study area (Jarte Jardaga) in north-eastern 
Wollega, Ethiopia. 
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study site, ‘n’ from the smallest class was chosen as the 
desired sample size to match Congalton and Green (1999)’s 
rule of thumb of a minimum of 50 samples. Stratified ran-
dom sampling methods were used to collect an optimum 
number of sample reference polygons for the classification 
accuracy assessment. The population (sampling frame), 
land-cover classes, embraces distinct categories (separate 
strata): forestland, shrubland, grassland, cropland, and 
settlement, respectively. Each stratum is subsequently sam-
pled as an independent sub-population from which indivi-
dual elements can be randomly selected (table I). Producer’s 
accuracy (measure of omission error) was computed by divi-
ding the total number of correct pixels in a category by the 
total number of pixels of that category as derived from the 
reference data (the column total). This method illustrates 
how well a certain area can be classified or indicates the 
probability of a reference pixel being correctly classified. The 
user’s accuracy, that is, a measure of commission error is 

computed by dividing the total number of correct pixels in 
a category by the total number of pixels that were classified 
in that category (the row total). This provides a measure of 
reliability and indicates the probability of a pixel classified 
on the map or image actually represents that category on the 
ground. The overall accuracy was 82% for 2005 and 86.7% 
for the 2015 land-cover maps.

The types of land-cover within the study area were clas-
sified into five categories, based on previous work by Lam-
bin et al. (2003). These categories were: (1) forestland (high 
and dense trees with 70%-100% closed canopy), (2) shru-
bland (bush canopy mixed with some trees, closure areas, 
young forest plantations and agroforestry), (3) grassland 
(mainly grasses without long-fallowed land or with less than 
10 trees per ha), (4) cropland (agricultural land with crops 
as well as harvested agricultural land), and (5) settlement 
(built-up areas).

Table I.
Land-cover, sample size, producer’s accuracy and user’s accuracy assessment in North-eastern Wollega, Ethiopia.

No.	 LULC	 Sample size (n=)	 Producer’s accuracy (%)	 User’s accuracy (%)

1	 Forestland 	 483	 79.4	 71.1

2	 Shrubland	 50*	 71.4	 68.2

3	 Grassland 	 239	 70.2	 73.9

4	 Cropland 	 620	 76.6	 84.1

5	 Settlement 	 70	 86.0	 84.2 

Note: For shrubland, 50 sample sizes were chosen as the desired sample size close to Congalton and Green (1999)’s  
rule-of-thumb of a minimum of 50 samples per class since the value was small to consider for the study using Equation (1).  
LULC is land-use/land-cover.

Table II.
A 5×5 land-cover matrix.

2005	 2015
LULC	 Forestland	 Shrubland	 Grassland	 Cropland	 Settlement	 Total 2005	 Loss

Forestland 	 C
11	

C
12	

C
13	

C
14	

C
15	

C
1+	

C
1+

-C
11

Shrubland	 C
21	

C
22	

C
23	

C
24	

C
25	

C
2+	

C
2+

-C
22

Grassland 	 C
31	

C
32	

C
33	

C
34	

C
35	

C
3+	

C
3+

-C
33

Cropland 	 C
41	

C
42	

C
43	

C
44	

C
45	

C
4+	

C
4+

-C
44

Settlement 	 C
51	

C
52	

C
53	

C
54	

C
55	

C
5+	

C
5+

-C
55

Total (2015)	 C
+1	

C
+2	

C
+3	

C
+4	

C
+5	

1	 -

Gain 	 C
+1

-C
11	

C
+2

-C
22	

C
+3

-C
33	

C
+4

-C
44	

C
+5

-C
55	

-	 - 

Note: “C” is any conversion from one land-cover to another. LULC is land-use/land-cover.



Data analysis 

Land cover transition matrix 

Land-cover transitions were analyzed using a transi-
tion matrix obtained from cross-tabulation of the two-ras-
ter maps presented in figure 2. The approach of Pontius et 
al. (2004) was used to identify major signals of systematic 
land cover changes. The general structure of the transition 
matrix was shown in such a way that the columns and rows 
presented the proportions of the five land-cover classes in 
2005 and 2015, respectively (table II). The main diagonal 
elements (i.e., C

jj
) designate the proportion of persistent 

land-cover classes that showed no changes. Diagonal ele-
ments were used to calculate the gains and the losses of 
land-cover classes (Pontius et al., 2004). The off-diagonal 
elements showed the amount of the land-cover transformed 
from class i to class j between 2005 and 2015 as calculated 
using Equations (4a-b) (after Pontius et al., 2004; Oue-
draogo et al., 2010).

=
+ =

n

i
iji CC

1
Σ  (4a)

=
+ =

n

i
ijj CC

1
Σ  (4b)

where: n is the total number of classes, C
ij 
(where i # j) desi-

gnates the proportion of the landscape that experienced a 
transition from class i to class j between 2005 and 2015, C

i+
 

is the proportion of land-cover in 2005 and C
+j
 the propor-

tion of land-cover in 2015.
The “loss” column indicates the amount of land-co-

ver that experienced a net loss of class i between 2005 
and 2015, whereas the “gain” rows show the amount of 
the land-cover that experienced a gross gain of class j 
between the same two years (table II). Swap is the exchange 
between classes, and denotes concurrent gain (i.e., diffe-
rence between class i and persistence) and loss (i.e., diffe-
rence between class j and persistence) of a given land-cover 
class. Equation (5) describes the proportions of swap, which 
required the pairing of each pixel that loses with those pixels 
that gain (Braimoh, 2006):

( ) ( )ijiijij CCCCS = ++ ,min2  (5)

where: S
j
 is amount of swap of land class j, 2 min is twice the 

minimum of the gain and loss, C
i+

 is the proportion of land-
cover in 2005, C

+j
 the proportion of land-cover in 2015 and 

C
ij 

(where i # j) designates the proportion of the landscape 
that experienced a transition from class i to class j between 
2005 and 2015, respectively.

Figure 2.
Map of land-cover change in 2005 (A) and 2015 (B) in north-
eastern Wollega, Ethiopia.
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Vulnerability of land-cover to transition

The vulnerability to transition of each land-cover class 

is calculated using the gain-to-persistence ratio 
p
g

Gp =( ),  
 
the loss-to-persistence ratio ( )

p
l

Lp = , and the net change-to- 
 
persistence ( )ppp LGN = , respectively (Ouedraogo et al.,  
 
2010). The terms g, p, and l stand for gain, persistence (that 
is areas of a given category that remained unchanged), and 
loss, respectively. Values of G

p
 and L

p
 greater than one imply 

that a given land-cover class has a higher probability to 
change to other land-cover class than to persist in its current 
condition (Braimoh, 2006). If the value of N

p
 was negative, 

the land-cover class would have a higher probability to lose 
area to other land-cover classes than to gain from them. 

Detection of systematic and random transitions 

Land-cover data from 2005 and 2015 were used to 
analyze recent land-cover transition processes observed in 
north-eastern Wollega (Ethiopia). The procedure employed 
in our study is based on approaches satisfactorily applied 
in earlier studies (e.g., Pontius et al., 2004; Braimoh, 2006; 
Ouedraogo et al., 2010; Ouedraogo et al., 2014; Ouedraogo 
et al., 2015). Detection of systematic and random inter-cate-
gory transitions involves four interrelated procedures. The 
first procedure calculates the expected gain (G

ij
) for each 

class under a random process of gain (Equation 6), as fol-
lows (Pontius et al., 2004):

( )
C

C
CCG

j

i
jjjij =

+

+
+ , 

A

i K j
1� �  (6)

where: G
ij
 is expected gain of each cover type, C

+j
 is the pro-

portion of land-cover in 2015, C
jj
 is the proportion of per-

sistent land-cover classes that showed no changes and C
i+

 
is the proportion of land cover in 2005. Equation (6) dis-
tributes the gain across the off-diagonal entries of 2015 
according to the relative proportions of the other classes 
in 2005. The assumption of this equation is that the gain 
for each class and the proportion of each class in 2015 
remain unchanged. These expected gains represent the ran-
dom process of gain. The second procedure estimates the 
difference between the observed (measured) and expected 
proportions of gain under a random process of gain. Large 
positive or negative differences from zero denote systematic 
inter-category transitions, rather than random transitions, 
which occur between two land-cover classes. The larger the 
variance (positive), the larger the area affected by systema-
tic gain of class j from class i, and the larger a negative cal-
culated variance, the weaker the tendency of class j to gain 
systematically from class i (Braimoh, 2006; Ouedraogo et 
al., 2014). The third procedure calculates the expected loss, 
L

ji 
(loss of class i to class j) under a random process of loss 

using Equation (7) (Braimoh, 2006):

� �( )
C

C
CCL

i

ji
jjiij =

+

+
+ , 

A

i K j
1

 (7)

where: L
ij
 is expected loss, C

i+
 is the proportion of land-cover 

in 2005, C
jj
 is proportion of persistent land-cover classes 

that showed no changes and C
+j
 is the proportion of land-

cover in 2015. 
Equation (7) assumes that the loss of each land-cover 

class is fixed and the loss in each row across the other classes 
is distributed relative to their proportions in 2015. The forth 

Photo 2.
Land-cover transition in north-eastern Wollega, Ethiopia.
Photo A. Adugna.
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procedure calculates the difference between the observed 
and expected proportions of gain under a random process 
of loss. Likewise, large positive or negative differences from 
zero indicate that systematic inter-category transitions, 
rather than random transitions, have occurred between two 

land-cover classes. The larger a 
positive calculated variance, the 
higher the area affected by sys-
tematic loss of class i to class j, 
and the larger a negative calcu-
lated variance, the weaker the 
tendency of class  i to systema-
tically loss to class j (Braimoh, 
2006; Ouedraogo et al., 2014). 

Generally, it can be concluded that the transition from class 
i to class j is a systematic process if class i loses systemati-
cally to class j, and class j gains systematically from class i 
(Pontius et al., 2004). 

Table IV.
Land-cover change matrix (%) between 2005 and 2015 for north-eastern Wollega, Ethiopia.

2005	 2015
LULC	 Forestland	 Shrubland	 Grassland	 Cropland	 Settlement	 Total 2005	 Loss

Forestland	 7.8	 9.4	 1.8	 4.9	 0.1	 23.9	 16.2

Shrubland	 0.1	 0.5	 0.1	 0.2	 0.0	 0.8	 0.4

Grassland	 0.7	 2.8	 1.1	 5.1	 0.2	 9.9	 8.9

Cropland	 2.4	 9.4	 5.2	 43.4	 2.2	 62.6	 19.2

Settlement	 0.2	 0.4	 0.2	 1.6	 0.3	 2.7	 2.4

Total 2015	 11.2	 22.5	 8.3	 55.2	 2.8	 100.0	 47.0

Gain	 3.4	 22.0	 7.3	 11.8	 2.5	 47.0	 -

Table V.
Gain-to-persistence (G

p
), Loss-to-persistence (L

p
), and net change-to-persistence 

(N
p
) ratio of the land cover classes in the north-eastern Wollega, Ethiopia 

	 Gain (g)	 Loss (I)	 Persistent (P)	 Gp	 Lp	 Np

Forestland 	 3.4	 16.2	 7.8	 0.4	 2.1	 -1.6

Shrubland 	 22.0	 0.4	 0.5	 46.9	 0.7	 46.1

Grassland 	 7.3	 8.9	 1.1	 6.8	 8.3	 -1.5

Cropland	 11.8	 19.2	 43.4	 0.3	 0.4	 -0.2

Settlement 	 2.5	 2.4	 0.3	 1.1	 8.3	 -7.2

Table III.
Land-cover changes (%) observed in north-eastern Wollega, Ethiopia. 

LULC	 Total	 Total	 Persistence	 Gain	 Loss	 Total	 Swap	 Net change 
	 2005	 2015				    change		  (absolute value)

Forestland	 23.9	 11.2	 7.8	 3.4	 16.2	 19.6	 6.8	 12.8

Shrubland	 0.8	 22.5	 0.5	 22.0	 0.4	 22.4	 0.7	 21.7

Grassland	 9.9	 8.3	 1.1	 7.3	 8.9	 16.1	 14.5	 1.6

Cropland	 62.6	 55.2	 43.4	 11.8	 19.2	 31.0	 23.5	 7.4

Settlement	 2.7	 2.8	 0.3	 2.5	 2.4	 4.9	 4.8	 0.1

Total 2015	 100.0	 100.0	 53.0	 47.0	 47.0	 93.9	 50.3	 43.6
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Results

Land-cover transitions 

In north-eastern Wollega, land-cover exhibited signifi-
cant changes during the 10-year period investigated in this 
study, as shown in table III and figure 2. In 2005 and 2015, 
forestland accounted for ≈24% and ≈11% of the total area, 
respectively. The area of cropland decreased from ≈63% in 
2005 to ≈55% in 2015 while grassland areas remained close 
to constant during the same period (table III). Shrubland 
areas increased from less than 1% to 22.5% between 2005 
and 2015, respectively. The loss in area of cropland was 
highest representing almost 20% of the landscape. The gain-
to-loss ratio was highest (55.0) for shrubland and settlement 
(1.0), and lowest for forestland (0.2) and cropland (0.6), 
respectively. Changes attributable to location (swap) were 
highest for cropland (23.5% of the change in cropland), fol-
lowed by grassland (14.5% of the change in grassland) and 
forestland (6.8% of the change in forestland), respectively. 
Net changes (quantity) were highest for shrubland (≈22%) 
and forestland (≈13%). 

Persistence and vulnerability of land-cover

The proportion of different land-cover classes that 
remained unchanged (persistence) from 2005 to 2015 is 
presented in table III. The land used for cropping showed 
relatively less changes compared to settlement areas (table 
IV). Among the natural vegetation, forestland and shrubland 
areas exhibited the highest and lowest persistence, res-
pectively (table III). The vulnerability of land-cover classes 
to transition exhibited some variability depending on the 
type of land-cover, as shown in table V. The gain-to-persis-
tence ratio (G

p
) was higher than one in all land-cover classes 

with the exception of forestland and cropland (table V). The 
G

p
 ratio was highest for shrubland (46.9) and lowest for 

cropland (0.3). The loss-to-persistence ratio (L
p
) for all land- 

covers, except for cropland and shrubland, was higher than 
one (table V). The L

p
 ratio was highest for grassland (8.3) 

and lowest for cropland (0.4). The net change-to-persistence 
(N

p
) was positive for shrubland and negative for the other 

land-cover classes (table V). The N
p
 value was highest for 

shrubland (46.1), followed by settlement (-7.2). By contrast, 
the value of N

p 
was lowest (-0.2) for cropland.

Systematic and random processes  
of change in north-eastern Wollega

The expected gains for each land-cover class under 
random process of gain are shown in table VIa, and the 
difference between observed and expected gains in table 
VIb. Differences between observed and expected gains for 
cropland-forestland and forestland-cropland transitions 
were 0.3% and 2.1%, respectively. This indicated that forest-
land randomly gained 2.4% of the landscape from cropland, 
whereas cropland systematically gained 4.9% of the lands-
cape from forestland (table IV). Differences between obser-
ved and expected gains for forestland-shrubland and 

cropland-shrubland transitions were 4.1% and -4.4%, res-
pectively (table VIb). Therefore, this suggested that there was 
a systematic exchange of forestland and cropland with shru-
bland. Shrubland gained systematically 9.4% of the lands-
cape from forestland and cropland (table IV). The difference 
between observed and expected gain for cropland-grass-
land and grassland-cropland transitions were 0.7% and 
3.9%, respectively. This suggested that during the 10-year 
period there was a systematic exchange between cropland 
and grassland. Grassland systematically gained 5.2% of 
landscape from cropland, whereas cropland systematically 
gained 5.1% of the landscape from grassland. Differences 
between observed and expected gains for forestland-settle-
ment and cropland-settlement transitions were -0.5% and 
0.6%, respectively. This indicated that settlement systema-
tically gained 0.1% and 2.2% of the landscape from forest-
land and cropland, respectively (table IV).

Expected losses under a random process of loss are 
given in table VIIa, and the difference between the observed 
and expected losses in table VIIb. Relatively large differences 
between observed and expected loss for forestland to shru-
bland (9.3%) indicated that forestland systematically lost to 
shrubland. Large negative values of cropland to forestland 
transitions (-6.5%) imply that loses of cropland to forest-
land areas were systematically avoided. Large differences 
between observed and expected loss for cropland to shru-
bland (9.2%), cropland to grassland (4.5%) and cropland to 
settlement (0.8%) transitions indicate that cropland tended 
to lose systematically to other land-cover classes.

Discussion 

Results showed that shrubland represented the least 
dominant form of land-cover in 2005, but this condition 
was reverted by 2015. The calculated gain-to-loss ratio for 
shrubland suggested that this type of land-cover exhibited 
63 times more gain than loss, and that it will likely continue 
to increase. The assessment of vulnerability of land-cover to 
transition also showed a high Gp value for shrubland (47), 
implying that this land-cover is prone to gain area from other 
types of land-cover than it is to persist. This relates to conver-
sion of forestland to shrubland, afforestation of land pre-
viously not occupied by forest, improvement of shrubland in 
protected areas, and agricultural abandonment with subse-
quent expansion of natural forest into areas previously under 
arable cropping. These processes combined are understood 
to have assisted the rehabilitation of degraded land in NE 
Wollega, also noted in earlier studies in NW Ethiopia (e.g., 
Bewket, 2007). The implementation of the 1997 Environ-
mental Policy of Ethiopia (EPE, 1997) may also explain 
changes (increase) in the area occupied by shrubs. EPE 
encourages tree planting including forestry development on 
farms, around homesteads, and on eroded hillsides. It has 
also introduced a ban on illegal hunting, bushfire and free 
mobility of livestock so as to improve secondary forest cover 
in protected areas. This policy instrument assists adoption 
of best management practice for natural forests and woo-
dland resources, and encourages sustainable and participa-
tory approaches to natural resource management (Teshome 
et al., 2014). 
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Table VI.
Inter-category gains in north-eastern Wollega, Ethiopia: (a) expected gain, and (b) difference between observed and 
expected. 

2005	 2015
LULC	 Forestland	 Shrubland	 Grassland	 Cropland	 Settlement	 Total 2005	 Loss

	 (a) Expected gain under a random process of gain (%)
Forestland	 7.8	 5.3	 1.7	 2.8	 0.6	 18.2	 10.4

Shrubland	 0.1	 0.5	 0.1 	 0.1	 0.1	 0.7	 0.2

Grassland	 0.3	 2.2	 1.1	 1.2	 0.3	 5.0	 4.0

Cropland	 2.1	 13.8	 4.5	 43.4	 1.6	 65.5	 22.1

Settlement	 0.1	 0.6	 0.2	 0.3	 0.3	 1.5	 1.2

Total 2015	 10.4	 22.3	 7.6	 47.8	 2.7	 90.9	 37.8

Gain	 2.6	 21.9	 6.5	 4.4	 2.5	 37.8	 -

LULC	 (b) Difference between the observed land-cover transitions and the expected gain (%)
Forestland	 0.0	 4.1	 0.1	 2.1	 -0.5	 5.7	 5.7

Shrubland	 0.1	 0.0	 0.0	 0.1	 -0.1	 0.1	 0.1

Grassland	 0.4	 0.7	 0.0	 3.9	 -0.1	 4.9	 4.9

Cropland	 0.3	 -4.4	 0.7	 0.0	 0.6	 -2.9	 -2.9

Settlement	 0.1	 -0.2	 -0.1	 1.3	 0.0	 1.2	 1.2

Total 2015	 0.8	 0.2	 0.7	 7.4	 0.1	 9.2	 9.2

Gain	 0.8	 0.2	 0.7	 7.4	 0.1	 -	 -

Table VII.
Inter-category losses in north-eastern Wollega, Ethiopia: (a) expected loss, and (b) difference between observed 
and expected loss.

2005	 2015
LULC	 Forestland	 Shrubland	 Grassland	 Cropland	 Settlement	 Total 2005	 Loss

	 (a) Expected loss under a random process of loss (%)
Forestland	 7.8	 0.1	 1.0	 2.1	 0.3	 11.2	 3.4

Shrubland	 3.6	 0.5	 2.0	 4.3	 0.5	 11.0	 10.5

Grassland	 1.3	 0.1	 1.1	 1.6	 0.2	 4.3	 3.2

Cropland	 8.9	 0.2	 0.7	 43.4	 1.3	 54.6	 11.2

Settlement	 0.5	 0.1	 0.3	 0.5	 0.3	 1.5	 1.3

Total 2015	 22.1	 0.7	 5.0	 52.1	 2.6	 82.6	 29.5

Gain	 14.4	 0.3	 4.0	 8.6	 2.3	 29.5	 -

LULC	 (b) Difference between the observed landscape transitions and the expected loss (%)
Forestland	 0.0	 9.3	 0.8	 2.1	 -0.5	 11.7	 11.7

Shrubland	 -3.6	 0.0	 -1.9	 0.1	 -0.1	 -5.4	 -5.4

Grassland	 -0.6	 2.8	 0.0	 3.9	 -0.1	 6.1	 6.1

Cropland	 -6.5	 9.2	 4.5	 0.0	 0.6	 7.8	 7.8

Settlement	 -0.3	 0.4	 -0.1	 1.3	 0.0	 1.4	 1.4

Total 2015	 -11.0	 21.8	 3.3	 7.4	 0.1	 21.5	 21.5

Gain	 -11.0	 21.8	 3.3	 7.4	 -0.1	 21.4	 -
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Loss of forestland is mainly attributed to deforesta-
tion aimed at developing new agricultural land as well as 
logging for firewood and charcoal production (FAO, 2015). 
The assessment of land-cover transition process showed 
that forestlands are systematically transformed to croplands 
implying that farmers have preferentially cleared-up forests 
to make space for new farmland. Historically, Ethiopian far-
mers have increased agricultural output through this pro-
cess, but with proportionally less increases in productivity 
per unit area (Ndah et al., 2015). Large-scale forest conver-
sion and expansion of livestock-based farming means that 
the amount of suitable land available for cropping is rather 
limited in north-eastern Wollega. Thus, as of 2015 cropland 
areas experienced a loss and tended to decrease during 
the past decade, but it is still the dominant land-cover in 
the region. This loss was mainly associated with the aban-
donment of cropland areas due to soil degradation in the 
form of erosion, also highlighted in studies in the Gerado 
catchment (e.g., Bahir et al., 2015), the central Ethiopian 
Highlands (e.g., Adimassu et al., 2013), and other tropical 
regions (e.g., Schneider and Geoghegan, 2006; Carmona 
and Nahuelhual, 2012; Angonese and Grau, 2014).

Cropland areas increased little (7.4%), which was also 
observed for grassland (1.6%) and settlement (0.1%) areas. 
A low Gp value (0.3) for cropland suggested that this class 
is prone to losing area to other land-cover types, and means 
that there were relatively large swaps resulting from concur-
rent gains and losses of similar order of magnitude (table 
III). As a result, there has been a relocation of 24% of the 
cropland area, which in turn reflects a process of agricultural 
adjustment. Agricultural adjustment is a process by which 
agricultural lands are relocated to relatively more fertile or 
productive areas (Carmona and Nahuelhual, 2012). This 
process plays a critical role in promoting re-establishment 
of native vegetation in degraded areas, but it requires some 
degree of resilience of that environment to enable basic 
ecosystem’s functions to be progressively restored (Oue-
draogo et al., 2014). While this process has taken place in 
north-eastern Wollega, other factors are also noted. For exa-
mple, spontaneous abandonment of agricultural production 
by farmers on degraded land is considered to be one of the 
main drivers behind deforestation reversal and subsequent 
forest re-growth (Singh et al., 2015). 

The findings of our study support the need of Ethio-
pian farmers to shift towards a process of sustainable inten-
sification of agriculture to ensure long-term protection of 
the soil resource and advance food security in the region. 
These observations are in agreement with earlier studies 
(e.g., Alexandratos, 2005; Pretty et al., 2011). The opportu-
nities for opening-up of new land from forest, wetlands, hill-
sides or pastures for cultivation of arable crops are largely 
regarded as non-sustainable practices and therefore should 
be avoided. At present, no steps towards sustainable inten-
sification of agriculture in the region have been taken. By 
contrast, the socio-economic context and the agricultural 
policies in place have traditionally pointed towards exten-
sification (land-demanding strategy). Furthermore, sustai-
nable intensification is perceived as risky by most farmers 
due to the level of investment required for the provision of 

means needed to improve productivity. Other limiting fac-
tors are also encountered such as inadequate resource 
allocation, restricted access to technology, lack of quali-
fied labor and the land tenure system (Bahir et al., 2015). 
Limited extension effort also means that farmers are largely 
unaware of alternatives practices available for mitigation of 
environmental degradation. 

A study by Wood et al. (2004) suggested that the fol-
lowing is required to drive sustainable intensification of 
agriculture forward: agricultural products can be commer-
cialized, input and output markets are accessible, return on 
investment is satisfactory, labor is available, and farmers 
have financial means to acquire agricultural inputs. Avai-
lability of labor in rural areas is reduced when migration 
from rural to urban areas is significant, and people formerly 
employed in the agricultural sector join non-farming related 
sectors (Pretty et al., 2011). Agricultural abandonment has 
both positive and negative consequences on the environ-
ment and rural livelihood (Izquierdo et al., 2009; Barbier et 
al., 2010). Negative consequences include the disappea-
rance of traditional farming practices, food shortages and 
associated poverty, and potential invasion of exotic species 
(Zucca et al., 2015). Positive impacts are also reported and 
include restoration of ecosystem services and functions, 
but this requires some degree of intervention (Ouedraogo 
et al., 2010; Ouedraogo et al., 2014). In our study, agricul-
tural abandonment was regarded as a process that involves 
steady conversion of the land previously used for agricultural 
production towards natural vegetation. Our results showed 
that the transition of landscapes from cropland to shrubland, 
grassland and settlement was mainly explained by a sys-
tematic rather than a random process of change. Based on 
this, it is possible to state that local farmers appear to prefe-
rentially fallow or abandon croplands to make space for pas-
ture production and expansion of agroforestry. This also sug-
gested that there appears to be a shift from cropping to other 
activities, such as cattle fattening, trade, and handicraft and 
service provisions. 

Conclusions

The main conclusions derived from this work are:
The land-cover changes observed in this study denote 

a trend towards abandonment of agricultural land, which 
is likely to assist environmental restoration through natu-
ral processes. The land-cover classes investigated showed 
that shrubland areas had the highest gains whereas 
cropland areas exhibited the highest losses. Consequently, 
abandonment of croplands and re-growth of natural forest 
were identified as the main land-cover changes in nor-
th-eastern Wollega. 

Land-cover changes in north-eastern Wollega have 
undergone systematic transitions. The main drivers for such 
transitions were abandonment of cropland areas and clea-
ring-up of forests for arable cropping and grazing. Envi-
ronmental policy in Ethiopia should aim at rehabilitating 
degraded land and restoring ecosystems’ functions. The 
effectiveness of such measures needs to be assessed at 
time intervals appropriate for the land-use and climate.
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Land-cover transitions in north-eastern Wollega had 
positive implications for land management and food secu-
rity in the region. The rapid expansion of shrubland implies 
that there has been afforestation of land previously not 
occupied by forest. Afforestation assisted the rehabilita-
tion of degraded land and improved the establishment of 
secondary forest cover in protected areas. 

The pattern of transition observed in the region sug-
gested improved land-cover and therefore a gradual shift 
towards improved environmental quality. Extension work 
is needed to promote practices that preserve the natural 
forests, and restore the productive capacity of degraded agri-
cultural and grazing lands. Practices such as agro-forestry or 
silvopasture are therefore encouraged. This approach calls 
for assisted intensification of agriculture so that food secu-
rity is not compromised. Agricultural policies also need to be 
developed to mitigate pressure on forests and avoid future 
conversion of relatively fragile environments into cropland. 
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