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ABSTRACT

This paper examines whether eastern Tigray is still in a phase of land degradation or if a trend of landscape greening has started. Hitherto, the
land cover in five representative Tigray villages was mapped for three different periods: 1965, 1994, and 2007. These maps were based on the
interpretation of aerial photographs and high-resolution satellite imagery in combination with field validation. The results show a strong
decrease of the forest and bush land in favor of arable land and rangeland from 1965 to 1994. This trend is, however, slowed down and even
reversed from 1994 onwards whereby some of the arable land and rangeland are abandoned allowing shrubs and bushes to regenerate.
Household interviews and census data showed that the rural population number is still increasing. However, the productivity of the farming
activities did not show a significant increase. The observed abandonment of marginal farm and rangeland is, therefore, made possible only
through food aid and the import of food from other regions. Furthermore, policymakers stimulate land abandonment and landscape greening
by establishing exclosures. Copyright © 2014 John Wiley & Sons, Ltd.
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INTRODUCTION

Landscapes in the highlands of eastern Tigray suffer from
land degradation caused by a high and increasing population
that dominantly lives from self-subsistence agriculture.
According to estimates of the Central Statistical Agency of
Ethiopia (CSA, 1994, 2008), the population number in east-
ern Tigray, which has an area of ca. 12,500 km2 increased
from ca. 700,000 in 1965 to ca 1,500,000 in 2007. Statistics
suggest that eastern Tigray is still at the beginning of a
demographic transition with a decreasing mortality and an
increasing annual population growth rate from 0.2% in
1965 to 3.0% in 2007. Removal of the natural vegetation
for expansion of the arable fields and rangeland has led to
increased soil losses and growing rock outcrops, which
leads to nutrient depletion and a lowering of agricultural
yields (Woldeamlak & Stroosnijder, 2003; Mulugeta
et al., 2005).
In response to these crises, national and local govern-

ments have put forward a set of measures to counteract land
degradation. At the village level, exclosures were installed
by local governments since 1994 to keep cattle out of certain
areas (Descheemaeker et al., 2006; Balana et al., 2012).
Remaining natural areas and forests were protected by
prohibiting wood extraction and grazing (Descheemaeker
et al., 2006; Balana et al., 2012). Mekuria & Aynekulu
(2011) evaluated the long-term effect of such exclosures
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on soil properties in the northern highlands of Ethiopia and
reported a significant increase of total soil nitrogen and
available phosphorus over time.
Plantations of eucalypt trees provide an alternative source

of wood (Nyssen et al., 2004). Eucalypt trees were intro-
duced in the surroundings of the capital Addis Ababa at
the end of the 19th century. It took, however, more than
80 years before they appeared in the northern highlands from
1980 onwards following the land use policy of the Derg
Regime (1975–1991). Despite their potential to slow down
deforestation at a regional scale level, recent soil research
showed that eucalypt trees may negatively affect the
environment because they can cause the following: (i) a
strong reduction of the water-table (Gindaba et al., 2004;
Chanie et al., 2013); (ii) the increase of soil water repellency
(Santos et al., 2013); (iii) a reduction of soil fertility due to
an alteration of soil chemical properties (Leite et al., 2010)
and a disturbance of the soil microbiology (Wu et al.,
2013); and (iv) the long-term decrease of soil organic carbon
(Fialho & Zinn, 2012).
Water reservoirs were installed to collect and store runoff

water (Haregeweyn et al., 2005; Balana et al., 2012). From
1994 to 2003, 54 large dams (Haregeweyn et al., 2006)
each with an average water storage capacity of some 1–3.5
million cubic metres (Gebreyohannes et al., 2012) were
constructed in Tigray. Following the 2002 drought year,
small-scale household rainwater harvesting ponds have
been subsidized by the regional government in the form of
food-for-work programs. Simultaneously, the post-1991
government tried to increase the productivity of the agricul-
tural practices by stimulating the adoption of new farming
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techniques such as the application of artificial fertilizers, the
use of drought-resistant crop varieties, and conservation
agriculture (Tigist et al., 2010; Tesfay et al., 2011).
If successful, these measures and developments should

have led to a slowing down and eventually reversing of the
ongoing land degradation in Tigray. At the landscape scale,
this could result in a so-called forest transition, a shift from
net deforestation to net reforestation or greening of the
landscape (Lambin & Meyfroidt, 2011). Such transition is
often associated with both the biophysical environment and
the socioeconomic status of the population. Mather &
Needle (1998) outlined a theoretical forest transition model,
which suggests that as countries undergo a process of
development, forest cover follows a U-shaped curve. Similar
observations were reported by Cerdà (1997) for Southeastern
Spain, Van Rompaey et al. (2002) for Belgium, Rudel et al.
(2005) for Latin America, Meyfroidt & Lambin (2009) for
Vietnam, Zhou et al. (2009) for China, & Redoa et al.
(2012) for Central America.
Hitherto, forest transitions have been described in many

parts of the world. For eastern Tigray, however, it is at
present not clear whether a long-lasting degradation phase
is slowed down and possibly reversed. A few local case
studies (Ermyas et al., 2006; Alemayehu et al., 2009)
suggested a decline of wooded shrub grassland and shrub
grassland over the last 40 years, whereas other case studies
in Tigray (Woldeamlak & Stroosnijder, 2003; Girmay
et al., 2010) reported an increase of shrub land during the
last decades. A regional historical analysis based on repeated
photography of landscapes in eastern Tigray (Munro et al.,
2008; Nyssen et al., 2009b) suggested an overall landscape
greening over the 20th century. These studies, however, do
not reveal the possible driving factors of this greening. In
order to develop and enforce a policy that reduces land
degradation by stimulating landscape greening through land
Figure 1. Location of the study area in Tigray (shaded) and the 5 selected village
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cover changes, it is important to obtain an insight into the
ongoing land cover change processes and its driving factors.
Therefore, this paper aims to address the following research
questions:

(i) Is the landscape in eastern Tigray at present greening
or degrading?

(ii) What land use conversions are causing the greening
or degradation?

(iii) What are the drivers of these land use conversions:
increasing agricultural productivity, food import, or
policy?

To answer these questions, land cover change patterns from
1965 to present were mapped for five villages in contrasting
agroecological settings in eastern Tigray. The observed trends
were compared with local population dynamics, productivity
of farming practices, and policy.
MATERIALS AND METHODS

Study Area

The study area is situated on the western shoulder of the
Great Rift Valley with altitudes that range from 500 to
3050m asl in the northeast of the Tigray province (Figure 1).
The study area can be split up in three agroecological zones:
lowland (less than 1500m asl), midland (1500 to 2300m asl),
and highland (2300 to 3000m asl) (Hagos et al., 1999).
Eastern Tigray is characterized by a semi-arid climate with
an average annual rainfall between 450 and 980mm. It
has an estimated population of about 1.5 million, which
corresponds to an average population density of 124 inhabi-
tants per square kilometre. Population census data are only
available for the years 1994 and 2007. The Central Statistical
Agency of Ethiopia (CSA) proposes an exponential
s (A=Aynimbrkekn, D=Dergajen, E=Endaselasie, H=Hadnet & S=Sinkata).
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population growth model (Equation 1) to assess population
numbers from 1965 to present.

Pt ¼ P1ð Þ* er:zð Þ (1)

Where: Pt = the population in the target year, Pl = the
population in the launch year, r= average annual growth
rate, and z= the number of years between the target year t
and the launch year l.
Central Statistical Agency of Ethiopia assesses the aver-

age annual growth rate for the Tigray province at 0.2% from
1965 to 1984, at 2.8% from 1985 to 1990, and at 3.0% from
1990 to 1994. Starting from the census year 1994, the
growth rate estimates of the CSA were used to assess the
population number for each village in the year 1965.
The dominant farming system is mixed farming with ara-

ble crop growing and livestock breeding. Major crops grown
Table I. Identified land cover types

Land use type Descrip

Arable land Annual and perennial crops (>70% of the land)
plateaus, foot slopes, and valley floors)

Bare land Land devoid of vascular plants; composed of ex

Grass land Open grassland/herb found in flat areas, grasses a
at or near the surface

Built-up area Residences, administrative buildings, small indu

Shrub land Dominant vegetation lower than 1m, with a can

Bush land Dominant vegetation lower than 3m but higher
dominant vegetation below 1m with a canopy c

Forest land Patches with a canopy cover over 50%. These ca
small patches around churches, on steep slopes
plantations.

Water body Any type of surface water

Copyright © 2014 John Wiley & Sons, Ltd.
include Sorghum bicolor L., Eragrostis teff L., Zea mays L.,
Eleusine coracana (L.) Gaertn., Triticum aestivum L., and
Hordeum vulgare L. Most farming households keep livestock
(e.g., sheep, goat, and cattle), which are herded on rangeland
during the growing season. After harvest, the livestock can
graze the residues on arable land (Nyssen et al., 2009a).
The study sites are dominated by the bushy species of

Acacia etbaica Schweinf. and Dodonaea angustifolia (L.)
Jacq. along with occasional patches of eucalypt (Eucalyptus
camaldulensis Dehnh and Eucalyptus globulus Labill.) and
Acacia saligna (Labill.) H. Wendl, which were planted in
the more degraded sites. In some area’s Acacia species are
tapped for gum arabic production (Lemenih et al., 2011).

Study Methods

Within the study area of eastern Tigray, the land cover
change from 1965 to present was studied in detail for five
tion
Representative
landscape

, frequently observed on level lands (plains,

posed rock, sand, and soil surface

round the river banks in which water-table is

strial, and trade enterprises.

opy cover below 50% but higher than 5%

than 1m with a canopy cover above 15%, or
over above 50%

n be remnant of high natural forest, found in
and less populated areas or recent eucalypt
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selected villages (Figure 1) representing three agroecologi-
cal zones: Hadnet and Aynimbrkekn (highland), Sinkata
and Dergajen (midland), and Endaselasie (lowland). For
each of the selected villages, the land cover was mapped in
detail at 3 years, that is, 1965, 1994, and 2007. For the
classification of land cover classes, the typology proposed
by BoANR (2001) was followed (Table I).
The land cover maps for 1965 and 1994 were derived

from scanned aerial photographs at a scale of 1:50,000
(Ethiopian Mapping Agency). The land cover map for
2007 was derived from very high-resolution satellite
imagery, IKONOS, of 4m× 4m resolution. The aerial
photographs and the satellite images were georeferenced
and orthorectified on the basis of ground control points.
For each image, a few hundred-ground control points
(known objects such as old churches, farmhouses, river
crossings, and road crossings) were recorded in the field
with the help of global positioning system.
For each of the villages, representative transects of a few

kilometres throughout various land cover types were walked
and recorded with global positioning system during the
rainy season of 2009 and 2010. Next, the recorded transects
were plotted on a true color composite of the satellite images
of 2007. This allowed identifying and delineating homoge-
neous land cover patches for each village. Finally, the land
cover maps for 1994 and 1965 were constructed by identify-
ing the land cover type visually on the aerial photographs for
each patch that was delineated on the satellite imagery of
2007. The three map series allowed to assess the temporal
and spatial evolution of the different land cover types in
the selected villages. The percent changes in land cover
(Table II) were calculated following Equation 2:

ChangeLUx %ð Þ ¼ LUXy2 � LUXy1

LUXy1
*100 (2)

Where: LUX y1 is area of land cover type x in year 1 and
LUX y2 is area of land cover type x in year 2.
To explain the observed land cover change, the following

data were collected for each village: (i) the demographic
evolution was reconstructed from census data of 1994 and
2007 and extrapolation models (Equation 1) and (ii)
evolution of agricultural productivity levels was derived
from interviews with farming household heads. The change
Table II. Land cover change from 1965 to 2007 (for the

Area change (km2)

1965–1994 1994–2

Arable land 23.05 �2.5
Bare land �7.35 �0.0
Grass land �1.43 �0.2
Built-up area 2.15 0.4
Shrub land 37.44 1.3
Bush land �46.55 0.7
Forest land �7.86 0.0
Water body 0.56 0.2
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in area of arable land, shrub land, bush land, and forest was
correlated with the change in population.
In the years 2009 and 2010, 140 household heads were

interviewed. The household heads were typically elderly
men and women over 65 years and were identified with the
help of the village administrator and agricultural develop-
ment agents in each village. Most rural people are not
familiar with the common (western) era but situate events
in time on the basis of a major event calendar, which is a
sequence of important events that happened in a given
village such as the death of a known local leader, the fight
between local feudal leaders, locust infestation, election of
political leaders, and others. Before starting the interviews
in a village, a group meeting with circa ten key informants
in each village was organized to develop a village-specific
major event calendar. When the household heads were
interviewed, the major event calendar could be used to
reconstruct the chronology of the story told and to date the
events along the common era. The interviews with the
household were semi-structured and aimed to obtain an
insight in general way of living between 1965 and present.
On the basis of the historical maps and the interview data

for each village (v) and for each period, a per capita grain
production was assessed as follows (Equation 3):

PCPv ¼ Av*Gv

PV
(3)

Where: PCPv: per capita grain production for village v
in kilogram per year per person

Av: the area of arable land in each village
(in hectare)

Gv: the grain crop productivity (in kilogram
per hectare per year)

Pv: the village population
RESULTS AND DISCUSSION

As an example, Figure 2 shows the land cover for 1965,
1994, and 2007 for Hadnet, which is one of the five selected
villages. The area under arable land in Hadnet increased sig-
nificantly in the period between 1965 and 1994 whereas the
area with bush land and forest land has clearly decreased.
This trend is reversed between 1994 and 2007 with a slight
five studied villages)

Area change (%)

007 1965–1994 1994–2007

9 8.44 �0.95
2 �2.69 �0.01
7 �0.52 �0.10
4 0.79 0.16
6 13.71 0.50
9 �17.04 0.29
6 �2.88 0.02
3 0.20 0.08
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Figure 2. Land cover maps. This figure is available in colour online at wileyonlinelibrary.com/journal/ldr.
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decrease of the area of arable land and a moderate increase
of shrub and bush lands.
The average trend of the different land cover classes in the

five selected villages is shown in Table II. The figures
suggest a degreening of eastern Tigray from 1965 to 1994.
After 1994, the trend is reversed with an increase in the area
of shrub land and bush land. The area of arable land shows
an inverse evolution with 8.4% overall increase in the first
phase (1965–1994) but about 1% reduction in the second
phase (1994–2007). In the period 1994–2007, the area of
arable land decreased partly because of conversions from
arable land to built-up area to house the growing population
and partly because unfavorable and degraded fields were
abandoned. These findings are in line with the regional
trends reported by de Mûelenaere et al. (2012) who com-
pared LANDSAT imagery for the years 1972, 1984, and
Table III. Land cover categories (in %) in the five selected villages for

Village Year

Land co

Arable Bare Grass

Hadnet 1965 34.0 10.0 21.8
1994 58.3 4.9 15.4
2007 55.8 4.8 15.2

Aynimbrkekn 1965 52.9 2.7 1.9
1994 55.1 2.5 1.6
2007 54.3 2.5 1.5

Dergajen 1965 37.1 3.3 3.2
1994 42.7 0.2 3.8
2007 41.6 0.2 3.7

Sinkata 1965 56.1 12.1 15.6
1994 67.2 4.9 14.6
2007 66.2 4.9 14.6

Endaselasie 1965 21.0 10 0.0
1994 33.1 0.1 0.1
2007 33.2 0.1 0.0

Copyright © 2014 John Wiley & Sons, Ltd.
2000. Table III lists the observed land cover trends for each
of the five selected villages separately and shows that the
overall trend is not valid for all villages. In Sinkata, the
greening of the landscape already started between 1965
and 1994 with an increase of the forest area, whereas in
Dergajen, the forest cover is still decreasing.
To obtain an insight into possible drivers of this transi-

tion, the observed land cover changes were compared with
changes in population number. Table IV shows the popula-
tion number in the five selected villages in between 1965
and 2007. The data showed a wide variation in the popula-
tion distribution within the study villages. The population
growth rate in three out of the five villages is still above
the regional (2.5%) and national (2.6%) rates (CSA, 2008).
In Table V, population growth rates are correlated with

the area of each land cover type. This table shows a positive
the years 1965, 1994, and 2007

ver area (in % of total village area)

Built up Shrub Bush Forest Water

1.0 22.5 10.6 0.2 0.0
2.9 15.1 2.5 1.0 0.0
3.3 16.6 3.2 1.1 0.0
1.5 38.2 2.5 0.2 0.1
1.5 38.0 0.9 0.2 0.1
1.6 38.7 0.9 0.2 0.2
0.8 25.1 24.4 6.1 0.0
1.4 50.7 0.4 0.3 0.5
1.5 51.6 0.4 0.3 0.6
1.5 9.3 5.0 0.4 0.0
5.0 6.1 1.3 0.9 0.0
5.5 5.8 1.9 0.9 0.1
0.4 34.2 37.3 5.8 0.3
0.5 59.7 4.3 1.9 0.3
0.5 59.0 5.0 1.9 0.3
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Table IV. Population and its growth rate at each of the five studied villages

Villages Area (km2)

Population number Annual growth rate (%)

1965 1994 2007 1965–1994 1994–2007

Aynimbrkekn 61.1 11,001 11,059 11,126 0.02 0.05
Dergajen 106.9 4726 6489 9524 1.09 2.95
Endaselasie 50.9 1290 2236 4348 1.90 5.12
Hadnet 26.4 3749 5097 7396 1.06 2.86
Sinkata 27.9 3098 3953 5312 0.84 2.27
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correlation (r =+0.67) between population growth and
growth of the arable land area between 1965 and 1994. After
1994, this correlation is no longer present. A weaker positive
correlation (r= +0.51) could be detected between the popu-
lation growth and the increase in shrub land area for the pe-
riod 1965–1994. After 1994, no correlation could be found.
Population growth is negatively correlated (r =�0.71) with
the bush land area between 1965 and 1994. After 1994, there
is a slight positive correlation (r = +0.1). For none of the
periods, a significant correlation could be found between
population growth and change in forest area. This corre-
sponds well with the study of Geist & Lambin (2002) and
Sloan (2008) in which population alone predicts afforesta-
tion poorly. Villages with a high population growth experi-
enced a strong decline in the bush land area in favor of
arable land and shrub land. These bush land conversions
were necessary to feed the growing population in a system
of self-subsistence agriculture. Arable fields were established
on the most suitable shrub and bush lands whereas the more
remote and unfertile bush lands were used for grazing. The
land degradation from 1965 to 1994 could be considered as
the end of the declining limb of a U-shaped forest transition
curve whereby deforestation is driven by population growth
as described by Wright & Muller-Landau (2006).
One would expect that the area of forest would show a

similar evolution over time as the area of bush land. The fact
that no correlation between population growth and forest
area declines before 1994 can be explained by the fact
Table V. Population growth rate versus change in land cover

Villages Population Arable Bush Grass

Change (%
Sinkata 27.6 19.9 �73.0 �6.3
Hadnet 36.0 71.2 �76.0 �29.3
Endaselasie 73.3 57.5 �88.0 0.0
Dergajen 37.3 15.2 �98.0 19.2
Aynimbrkekn 0.5 4.2 �60.0 �14.3

R 0.67 �0.71 0.30

Change (%
Sinkata 34.4 �1.0 49.7 �0.2
Hadnet 45.1 �4.3 31.8 �1.2
Endaselasie 94.5 0.0 17.2 �100.0
Dergajen 46.8 �2.6 4.4 �2.3
Aynimbrkekn 0.6 �1.4 3.2 �8.6

R 0.27 0.10 �0.79

Copyright © 2014 John Wiley & Sons, Ltd.
that the major forest clearing in eastern Tigray took place
before 1965. Only a limited number of patches remained
afterwards. Overall, a decline of the forest area could be
observed between 1965 and 1994, but no correlation
could be found because in two villages (Sinkata and
Aynimbrkekn) eucalypt trees were introduced in the early
1980s resulting in an increase of the forest area. Originally,
the eucalypt trees were planted by government agencies to
fight soil degradation. Because of increasing timber, farmers
also began to plant eucalypt trees around their houses so as
to increase their income. This planting of trees is very small
in absolute area but significant in relative terms if compared
with the existing area of forest.
In the period after 1994, the correlation between

population growth and landscape degradation is no longer
present. Despite an even increased population growth, a
modest landscape greening could be observed with con-
versions from arable land to shrub land and from shrub
land to bush land. This decoupling could be related to
the following: (i) an abandonment of the self-subsistence
food production system whereby non-farming incomes
are used to buy imported food or (ii) the result of a land
management policy stimulating soil and water conservation
and landscape greening by the installation of exclosures
(Descheemaeker et al., 2006) and eucalypt plantations
(Nyssen et al., 2004).
Table VI shows an assessment of the average yields per

hectare (ha) for the different crops, which were derived from
Bare Built up Shrub Water Forest

) between 1965 and 1994
�59.8 224.0 �34.1 – 116.4
�51.0 196.8 �32.0 – 331.1
�85.9 26.0 74.7 – �67.5
�95.1 66.6 102.1 – �95.2
�8.6 3.2 �0.6 – �0.1
�0.80 �0.04 0.51 – �0.18

) between 1994 and 2007
0.9 10.6 �5.4 60506.1 5.0

�0.9 13.4 9.8 5444.8 7.8
0.0 7.6 �1.2 9.9 0.0

�3.3 8.5 1.8 24.6 10.3
�0.8 4.8 1.9 61.0 �0.2
0.07 0.22 �0.11 �0.17 �0.01
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Table VI. Land productivity in the five selected villages (� indicates no data available)

Village Year

Productivity (Mg ha�1 season�1)

Barley Wheat Teff Flax Lentil Hanfets Maize Sorghum

Aynimbrkekn 1965 2.23 1.88 1.93 – – – – –
1994 1.16 1.00 0.55 – – – – –
2007 0.82 0.72 0.59 – – – – –

Dergajen 1965 1.44 1.15 0.47 1.45 1.30 – – –
1994 2.04 0.92 0.70 1.19 0.30 – – –
2007 2.60 1.57 0.58 0.44 0.20 – – –

Endaselasie 1965 1.44 1.15 0.47 – – 1.07 1.33 2.30
1994 2.04 0.92 0.70 – – 1.04 1.30 2.40
2007 2.60 1.57 0.58 – – 1.35 1.12 2.00

Hadnet 1965 3.08 1.71 – 1.16 1.20 – 2.48 –
1994 2.08 1.10 – 0.62 0.80 – 2.87 –
2007 1.01 0.82 – 0.49 0.60 – 1.31 –

Sinkata 1965 1.32 0.86 1.20 – – 1.61 1.34 1.42
1994 1.38 1.05 1.06 – – 1.59 2.07 0.96
2007 1.10 1.06 0.47 – – 1.18 3.95 1.22
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the same household interviews. In general, the productivity
of the farming practices is low with an average grain yield
of about 1Mg ha�1 y�1. This is in agreement with a
national-scale agricultural sample survey results from 1994
that showed the average yield of all crops grown in Ethiopia
was about 1Mg ha�1 (CSA, 1995). Moreover, the results
show in general a decrease in the farming productivity for
most of the crops in spite of many government programs
that aimed to introduce soil and water conservation mea-
sures and more productive farming techniques. Next, the
crop productivity estimates were combined with the land
cover maps in order to assess the total crop production per
village and the per capita food availability using Equation 3.
The assessments of the annual per capita food availability

are shown in Table VII. The numbers are average approxi-
mations and assume that no food crops were exported. This
assumption is realistic because the interviews indicate that
none of the households in the selected villages gain a
significant income from selling their own crops. In most
cases, the limited non-food expenditure of the households
was obtained from off-farm jobs and support programs.
The results (Table VII) show a decrease of the per capita
food production in all the villages over the studied period,
1965–2007, which is the combined effect of a decrease in
agricultural productivity (Table VI) and a population in-
crease (Table IV). In 2007, four out of five villages produced
enough grain food to feed the local population. However,
Table VII. Annual per capita grain food production, surplus, and deficit
requirement of 2100 cal = 225 kg grain person�1 year�1 (MEDAC, 1999)

Village

Per capita grain food production (kg)

1965 1994 2007

Aynimbrkekn 532 279 242
Dergajen 1056 722 664
Endaselasie 944 876 604
Hadnet 538 490 175
Sinkata 692 585 381

Copyright © 2014 John Wiley & Sons, Ltd.
these numbers do not take into account the fact that part of
the harvest needs to be sold on the market to buy non-food
items such as clothes, equipment, and kerosene. Therefore,
in reality, many households are strongly dependent on food
aid programs. Similar studies at national level (Clay et al.,
1999) have also shown a decline in per capita food produc-
tion since the early 1970s, which has made the country de-
pendent on commercial imports of food and food aid.
The observed lowering farming productivity in the study

area is in contrast with the overall increase of farming pro-
ductivity from 1994 onwards for the whole of Ethiopia as
reported by the FAO (FAOSTAT, 2012). Reasons for the
observed lowering productivity in eastern Tigray are many-
fold. First, there is a lack of financial means for investment
in fertilizers and modern technologies (Byerlee et al.,
2007). Second, most households cultivate a total area of less
than 1 ha often split up in many different plots spread out
over the village, which makes farming management unprof-
itable (Jayne et al., 2002). Between 1960 and 1990, the
population size of Ethiopia doubled, while per capita land-
holding shrunk from 0.3 to 0.1 ha and per capita food output
collapsed by 41% (Befekadu & Berhanu, 2000). Third,
historical land degradation has lowered the fertility of
many farmlands. Various authors have reported high to very
high erosion rates on arable land in Tigray. Hurni (1993)
showed a 42-Mg ha�1 y�1 average soil loss rate on crop-
lands and a maximum rate of up to 300Mg ha�1 y�1 in
in the selected villages computed on the basis of a minimum calorie

Per capita surplus (+) or deficit (�) (kg) Per capita
food aid

(kg) in 20071965 1994 2007

+307 +54 +17 51
+831 +497 +439 79
+719 +651 +379 41
+313 +265 �50 59
+467 +360 +156 76
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individual fields. Haregeweyn et al. (2013) reported area-
specific sediment yields derived from sedimentation rates
in 12 reservoirs in the eastern part of Tigray between 1.9
and 18.2Mg ha�1 y�1. Adimassu et al. (2013) evaluated
the effect of stone bunds on runoff and losses of soil and nu-
trients and crop yield for barley fields in central Ethiopia and
came to the conclusion that stone bunds can reduce the
losses of soil and nutrients with 47% but the reported losses
are still in the order of 25Mg ha�1 y�1. Woldeamlak &
Stroosnijder (2003), Mulugeta et al., (2005), & Aweke
et al., (2013) were able to show that this long-term soil
erosion led to a decrease of the soil fertility in the northern
Ethiopian highlands because of the loss of soil organic
carbon, nitrogen, and exchangeable phosphorus. Moreover,
interviewees revealed poor manure availability due to a
reduced livestock and dung collecting as an alternative for
fuel wood as a cause for the reduced productivity. The
traditional practices of soil fertility replenishment such as
fallowing, the use of cattle dung, and crop residues have
now largely been abandoned. This is because of the land
shortage as well as the use of dung and crop residues for
domestic energy production purposes as the forests and trees
have become very scarce. Scarcity of cultivable land due to
growing populations and land degradation hinders peasants
from leaving fallow land to recuperate its fertility (Tesfay
et al., 2011).
To evaluate whether the local population is able to feed

itself, a food surplus or deficit was calculated using a
procedure proposed by Ministry of Economic Development
and Cooperation (1999). Ministry of Economic Develop-
ment and Cooperation assumes that a person requires
2100 cal/day, which requires 225 kg grain per person per
year. The results (Table VII) show that in 1965, the crop
production in the villages was sufficient to feed the double
of its population and the villages were, therefore, net
exporters of grain. Despite an increase of the area of arable
land, most villages now produce less food to feed the local
population. Not being self-subsistent is not necessarily a
problem if a sufficient income is generated from off-farm
jobs that allow to buy imported food products. Most
interviewees, however, received only a very limited or no
income from off-farm jobs. The limited engagement in
off-farm jobs can partly be explained by the fact that all
villagers continue to be farmer and consider the off-farm
jobs as a sort of insurance that provides an additional income
in periods with low rainfall (Befekadu & Berhanu, 2000).
An important driving factor in the household economy

and the related land cover changes at village level are food
imports through national and international support pro-
grams. Food aid in the study area has taken two major forms
(Jayne et al., 2002): free distribution, which is sometimes
referred to as emergency or relief distribution, and food for
work, sometimes referred to as development food aid. After
the devastating famine of 1973/1974, the Ethiopian Ministry
of Agriculture began to use relief food aid for undertaking
work in drought-affected areas in collaboration with the
World Food Program. The Relief Society of Tigray was
Copyright © 2014 John Wiley & Sons, Ltd.
established in 1978 as the social welfare and development
arm of the Tigray Peoples’ Liberation Front. It has been
involved in providing food aid to drought victims and war
refugees, typically as free food often supplied to displaced
persons, since that time. After the 1984/1985 famine and
as increasingly large areas of the region came under the
control of the Tigray Peoples’ Liberation Front and refugees
began returning from Sudan, Relief Society of Tigray’s
approach to food aid shifted to community-oriented rehabil-
itation. USAID/Ethiopia began providing relief and devel-
opment resources in the mid-1980s. The present USAID
regular food aid program, called the Integrated Agricultural
Development Program, began in 1992 with the principle that
relief and rehabilitation had to be integrated with develop-
ment and all those capable of working would be encouraged
to take part (Catterson et al., 1994).
Many farmers in the studied villages, currently, have

the opportunity to be involved in development food aid
through development programs such as Food for Work and
Productive Safety Net Project. These development programs
are supported and implemented by international donor
organizations in order to fight food insecurity. In times of
food shortages, because of drought and crop failure, farming
households receive food from the program (Andersson
et al., 2009). In return, farming households have to invest
a specific amount of labor in public works such as mainte-
nance of stone bunds and other soil and water conservation
structures, the rehabilitation of gullies (Yitbarek et al.,
2012), the digging of common water wells, and the con-
struction of micro-dams and water ponds. The Productive
Safety Net Project is a public program (implemented by
USAID and other donors), which is intended to enable
households an uninterrupted consumption without being
forced to sell productive assets in order to overcome food
shortages. It differs from previous food-for-work programs
in that it focuses continuously on a number of selected
households over several years with the explicit objective to
phase out (Andersson et al., 2009).
Since 1989, progressive terracing with stone bunds

supported by relief food aid was undertaken by all the able
bodied farmers throughout the region (Betru & Wickrema,
2010). Much of the stone bunding and terracing common
in Tigray was established as a means for distributing food
aid and with the hope of achieving environmental rehabilita-
tion (Catterson et al., 1994). According to Betru and
Wickrema (2010), over 225,000 ha of the Tigray province
has been so treated. These development programs have also
acted as an important alternative source of income. An as-
sessment of the additional average amount of grain per vil-
lage in the year 2007 (in kilogram grain per capita)
through development food aid is shown in Table VII. The
results show that the grain import through food aid programs
is a significant contribution to the local food availability. In
the case of Hadnet village, the support is even necessary to
compensate for the average deficit.
The landscape greening that was observed in the study

area from 1994 onwards is, therefore, not driven by an
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economic development pathway as described by Rudel et al.
(2005) because the agricultural productivity and the total
food production in the selected villages decreased also after
1994. Because of policy measures such as the installation of
exclosures and forest protection rules, the landscape defores-
tation has stopped. The abandonment of farmland is, how-
ever, only made possible because of substantial food
imports from international support programs. The landscape
greening in eastern Tigray could, therefore, be considered as
the beginning of the rising limb of a forest transition driven
by environmental degradation and policy interventions.
After decades of soil degradation, crop yields are so low
that in combination with an erratic climate, frequent famines
would occur if no food aid programs were present.
CONCLUSIONS

The results from this study show that after decades of defor-
estation, a relatively recent re-greening transition has started
in eastern Tigray with a decrease of arable land in favor of
shrub and bush lands. This greening could, however, not
be explained by an increase of the agricultural productivity.
On the contrary, it was observed that many local farming
households produced less and many others are dependent
on food aid. The abandonment of farmland is, however, only
made possible because of substantial food imports from
international support programs. Because of policy measures
such as the installation of exclosures and forest protection
rules, the landscape deforestation has stopped.
The landscape greening in eastern Tigray could, therefore,

be considered as the beginning of the rising limb of a forest
transition driven by environmental degradation and policy
interventions. After decades of soil degradation, crop yields
are so low that in combination with an erratic climate,
frequent famines would occur if no food aid programs
were present.
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