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Abstract: The agricultural terraces in north western Semi-arid highland in Yemen have always
played an important role in social stability of rural population. However, since the second half of
the twentieth century, these terraces have been subjected to continuous degradation that could
endanger the fragile socio-economic development in these areas. This study aims at understanding
and investigating the causes of the agricultural terraces degradation in Al-Kimmah Kuhlan Affar
Hajjah region. The agricultural terraces of the representative watershed were divided into four groups
mainly; salubrious (no degraded) terraces (group A), slightly degraded (group B), moderately
degraded (group C) and highly degraded (Group D) based on the rate of destruction and collapse
of stone walls. The study of socio-economic factors has been conducted on a sample of 40 farmers
spreading across the watershed and covering the four groups of terraces. The study of environmental
factors was conducted through observations and field measurements from 98 sites representing all
forms of degradation. Statistical analysis of data revealed that 18 socio-economic and 12
environmental factors are statistically (p <0.05) linked to the agricultural terraces degradation.
Altogether, the causes of the agricultural terraces degradation are social, economic and environmental
in their nature. The most influential factors are the exodus of the local workforce, the low
agricultural productivity, the lack of profitability and steep slopes. Moreover, it also appears from
this study that the steep slopes, the mountainous landscape, the presence of rock outcrops, the
spontaneous vegetation and the dark color of the soil are good indicators of land degradation in Al-
Kimmah Kuhlan Affar area.
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INTRODUCTION 

The agricultural terraces play an important role in social stability and economic development of highlands
areas of Yemen. Indeed, some of these terraces were built about 5000 years ago (Wilkinson, 2008; Gibson
and Wilkinson, 2008), thus, covering all the mountains, or about 60% of the country (F.A.O, 2000). The area
of agricultural land in Yemen is quite limited since it is estimated about 1.66 million hectares of which 64%
are actually cultivated. The agricultural terraces compose of 25% of the cultivated land (AW-Hassan et al.,
2000). In addition, rain-fed agriculture accounts for 70% of the cultivated land consisting principally of
terraced agricultural production, apart from livestock farming, 80% of cereals (AL-Mashreki, 2002). Indigenous
individuals have found a solution for the exploitation of mountain slopes through enormous efforts and huge
sums for the construction of millions of agricultural terraces (Vogel, 1987). This construction was made
possible through the efforts of the family, cooperation of individuals and sometimes participation of the whole
society (AL-Hebshi, 2005). FAO (1997) estimated the area occupied by agricultural terraces about 450 000
ha distributed mainly in the western and southern highlands of Yemen. However, ACSAD (2002), evaluates
the amount of the agricultural terraces land approximately 662 000 ha. According to Al-Ghulaibi (2009), the
length of the dry season and erratic rainfall during the year is the main constraint facing the agricultural
cycle in arid and semi-arid regions. According to the same author, Yemeni farmers have solved this problem
by valuing each parcel of mountainous land by building agricultural terraces that also act as a collector and
water reservoir. The traditional irrigation system is designed so gently conveying runoff watershed from one
terrace to another and then to the stream (Rappold, 2004). With these terraces during the medieval period,
Yemen had one of the widest ranges of agricultural crops in the region (Varisco, 1991). In the 1950s, FAO
(Varisco, 1991) classified the system of agricultural terraces of North Yemen among the most powerful
systems in the world.
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Changes in the traditional structure of the society were initiated in the 1960s and 1970s by profound
social changes linked to urban sprawl, open market, and increasing job opportunities outside agriculture which
favored rural exodus. In addition, the availability of cheap imported grain and various grants from foreign
countries brought about profound changes in social values that led, in turns, to changes in land resources
management (AW-Hassan et al., 2000; Varisco, 1991). During the 70s and 80s, a large emigration to Saudi
Arabia and the Gulf countries led to a significant decrease in the agricultural labor force from one million
workers to less than 700 000 workers (Vogel, 1987). During this short period, emigration increased from 140
000 to 450 000 immigrants (Vogel, 1987).

Today, the agricultural terraces of Yemen undergo a sharp deterioration that could make them disappear
in the short and medium term and to jeopardize not only the stability of mountain populations, but also the
entire economy of the country. Some studies (Noaman,2005; AW-Hassan et al., 2000) indicates that the
decline of land resources in highland areas is now more apparent due to the constant pressure exerted by
humans on this fragile agricultural system and that if measures of protection and rehabilitation are not taken,
Yemen may lose a significant agricultural area by erosion. This phenomenon was also observed in many other
countries among similar systems of terraces. In Peru, for example, land degradation is attributed to physical
factors, economic and social issues such as poor land use, lack of access and distance to land and rural-urban
migration (Inbar and Llerena, 2000). On the other hand, the degradation of agricultural terraces in Nepal
(Gardner and Gerrard, 2003) is rather caused by changes in farming practices that have caused the
disappearance of vegetation and mismanagement while in Indonesia and Spain (Siebert and Belsky, 1990;
Douglas et al., 2006), it is essentially due to the change of the mode of land use. In Yemen, despite the
important role of agricultural terraces in the economy and the extent of degradation, very few researches have
been dedicated to study this area. Among the important studies in this area, ACSAD (2002)  produced a
small-scale map of land degradation in Yemen, but without taking into account the specificity of the system
of agricultural terraces.

Therefore, the objective of this study is to find out the causes of this decline in the Al-Kimmah
watershed Kuhlan Affar region as a representative area of the northwestern highlands.

1 - the Study Area:
The study area is located on the very steep catchment at one hundred kilometers northwest of Sana’a,

the capital of Yemen in the mountainous Hajjah, between the longitude 43°42’ and 43°44’ and latitude 15°41’
and 15°44’ (Figure 1). Its altitude varies between 1600 and 2700m. it covers about 1028 hectares.

The inhabitants are divided into seven tribes who practice intensive farming in terraces which are
distributed throughout the watershed. The area occupied by the terraces is estimated at 662 ha, or 64% of
the catchment area. Corn, wheat, barley and pulses are the main crops of the region, and it is practiced in
a rainfed agriculture. Down slope in the edge of the wadi, coffee and some fruits are cultivating with
supplementary irrigation. The average annual rainfall ranges around 460 mm and is distributed between March
and April and August and September. The dry season lasts from October to February. The maximum
temperature average varies between 29.5°C during the cold period and 35°C in summer while the minimum
temperatures average is between 11°C during the dry cold season and 18.5°C in summer. The average annual
evapotranspiration is estimated about 1425 mm.

MATERIALS AND METHODS

The watershed is considered as a representative set of basins in the mountainous region of Hajjah. The
choice of this basin was conducted by observing aerial photographs and confirmed by a survey on the field.
The methodology has four phases which are a) the classification of agricultural terraces, b) the socio-
economic survey, c) field survey and d) data analysis.

A) the Classification of Agricultural Terraces:
This phase refers to the methods commonly used in this kind of problem (Inbar and Llerena, 2000; AL-

Mashreki, 2001). Agricultural terraces were divided into four groups according to their level of degradation
based on the proportion of collapsed walls.

Thus, group A (147 ha) represents salubrious (no degraded) terraces (Figure 2), group B (350 ha) slightly
degraded (Figure 3), group C (85 ha) moderately degraded (Figure 4) and Group D (70 ha) severely degraded
terraces (Figure 5). 
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Salubrious terraces are those which have no damaged walls while slightly degraded terraces include about
20% of damaged walls. Furthermore, moderately degraded terraces include 50% of damaged walls, but they
are still cultivable and severely degraded terraces are characterized by having their walls completely destroyed
and become unusable.

Groups A, B, C and D represent respectively 22.2%, 54.4%, 12.8% and 10.6% of the total area of
agricultural terraces.

Fig. 1: Location of the Study Area (Red Square) ( Magellan Geography, 1997).

Fig. 2: No degraded terraces.
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Fig. 3: Slightly degraded terraces.

Fig. 4: Moderatly degraded terraces.

Fig. 5: Severely degaded terraces.
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B) Socio- Economic Survey: 
The socio-economic survey was conducted on a sample of forty farmers spreading across the four groups

of terraces in the watershed. This was principally carried out to collect information that may supply
justifications regarding the status and causes of degradation (or abandonment) of terraces. The fact sheet is
composed of 13 items each of which is subdivided into several questions.

C) Field Survey:
This survey was conducted across the lot where it was to investigate the relationship between the state

of degradation of the terrace, land features and environmental factors. Thus, 98 sites located throughout the
watershed, covering all groups of agricultural terraces degradation have been studied and georeferenced.

D) the Statistical Analysis:
The aim of this phase is to find out the correlations between socio-economic and physical factors in one

side and states of degradation agricultural terraces in another side. 

RESULTS AND DISCUSSION

A) Socio- Economic:
The survey of the residents showed that 18 socioeconomic factors are statistically correlated with

agricultural terraces degradation at (p <0.05) (Table 1). These are technical factors (tillage, fertilization,
terraces area, crop area, crop yields), economic (marketing, profits) and social (rural migration on the one
hand and extension and training on the other) in nature. The strong relationship between technical factors
and states of agricultural terraces degradation are justified by the fact that group A and B are still in
operation when groups C and D become unsuitable for agricultural use. Indeed, the survey revealed that
group C, even if it still has some usable land, is rarely cultivated, and the group D is almost set to retire.
In addition, the survey showed that the agricultural production is intended primarily for local consumption,
but it does not cover production costs and becomes, therefore, a factor favoring the rural exodus, including
farmers of Groups A and B that may eventually deteriorate from lack of maintenance. In this sense, it was
found that about 30% to 80% landowners groups believe that the rural exodus is an essential factor in land
degradation. The massive outflow of local farm workers abroad, especially to Gulf countries but also to major
cities in search of better income, has led to the scarcity of skilled labor in the terraces maintenance and
agricultural work. This was accompanied by a dearth of the local labor work and a regression of agricultural
practices that have resulted in lower yields. Moreover, one of the most important results reached through the
socio-economic survey was that yields of cereals and pulses are low and vary from 0.5 to 1 ton per hectare.
It was also revealed that the abandonment of terraces C and D begun about forty years ago, and coincided
with the period of strong outflows as reported by Vogel (1987). Other factors, such as the fragmentation of
agricultural property in small parcels unable to generate sufficient earnings to cover family needs and social
conflicts have also contributed to the abandonment of terraces and leads people to search for other more
lucrative sources of income. In this sense, the survey revealed that 27% of the surveyed farmers operate in
farms of less than 0.25 ha, while 52% of them operate in areas ranging from 0.25 ha to 0.5 ha and only
5% have greater than one hectare. In addition, the distance between houses and terraces location and the
difficult access due to the difficult terrain are found as factors causing desertion when profitability is low.
According to the locals, the terraces of the D group located at the top of the watershed have been abandoned
for over thirty years because of a labor dispute between two tribes.

Finally, it was showed that the rate-raising, outreach and learning in the field of maintenance, as
considered by the owners, have little effect on the degradation of the terraces. They are also convinced that
they are very skilled and they have the technical expertise necessary for the maintenance and use of terraces.
Other factors, such as the fact that landowners have or not a herd animal, the protection of the natural
vegetation cover patios, customs and traditions in the practice of terracing and financial support from the state
have no statistically significant relationship with the state of degradation of agricultural terraces.
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Table 1: Statistical analyses results (r, p) of socioeconomic variables for 40 individuals.
variables Terrace status

--------------------------------------------------------------------------------------------
Pearson correlation Sign.(2-tiled)

Area (property) -.383* <0.05
crop sorghum -.615** <0.01
crop wheat -.333* <0.05
crop barley -.375* <0.05
crop millet -.382* <0.05
crop fruit -.428** <0.01
crop yield sorghum -.866** <0.01
crop yield wheat -.333* <0.05
crop yield barley -.416** <0.01
crop yield millet -.388* <0.05
crop yield fruit -.445** <0.01
Agri practice plowing -.868** <0.01
Agri practice fertilizing -.935** <.001
marketing -.916** <0.01
profits -.940** <0.01
degradation by immigration -.364* <0.05
rehabilitation by awareness and extension -.391* <0.05
rehabilitation by training -.423** <0.01*
Correlation is significant at the 0.05 level ** correlation is significant at the 0.01level.

B) Physical Factors:
Only 11 from 22 physical factors showed statistically significant relationship with the state of terraces

degradation (table 2). These factors are related to the environment (slope, natural grasses and herbaceous
vegetation, crop type), characteristics of the terrace (width, length, depth) and soil characteristics (parent
material, stoniness, slaking crust and soil color moist).

Thus, the statistics revealed that 48% and 39% of the terraces of group A are respectively located in
relatively flat (slope <8%) or slightly sloping (8% <slope <16%). Group B, with 43% of the terraces that
lie in relatively flat areas and 40% in areas with little steep localizes in approximately the same topography
as group A.

In contrast, 83% of the terraces of group C and 62% of the terraces of group D are located in areas
highly steep (slope> 30%). This result means that the steep slopes and difficult terrain are factors conducive
to land degradation and confirms the findings of Shrestha (1997). At this level, it should be noted that the
topography and slope in themselves are not precursors of degradation that the terraces of Yemen were built
in differently steep mountainous areas. However, the terraces located in steep areas and steep slopes are much
more likely to be degraded, so they require physical efforts and material resources leading to their
maintenance and rehabilitation. Thus, apart from a proven profitability, these terraces will be the first to be
neglected and gradually abandoned. 

Table 2: Statistical analyses results (r, p) of physical variables for 98 sites.
Variables  Terrace status

---------------------------------------------------------------------------------------
Pearson correlation Sign.(2-tiled)

Land topography .432** <0.01
Slope gradient .468** <0.01
Surface stones and gravels% .755** <0.01
Parent material .308** <0.01
Crusting .226* <0.05
grass cover percentage .670** <0.01
crops -.606** <0.01
Terrace length -.300** <0.01
Terrace width -.485** <0.01
Terrace highness -.407** <0.01
Soil color moist -.225* <0.05
* correlation is significant at the 0.05 level ** correlation is significant at the 0.01 level.

The results also showed that there is a strong relationship between the characteristics of the terraces and
their state of degradation. It was also found that the terraces of the groups A and B are actually the longest,
widest and deepest, and they consequently have a larger surface area and volume of earth greater ability to
mobilize more water. As a result, yields and agricultural production are higher. Hence, the special importance
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paid to them by farmers has led to constant maintenance of dry stone walls. In contrast, smaller sizes of the
terraces of groups C and D and their soils, which are often shallow, do not allow them to generate high
productivity and agricultural production satisfactorily able to motivate farmers. They take a little interest and
abandon in many cases. The stony walls of these terraces are not maintained and are easily degraded land
is heavily eroded by runoff water.

The soils in the groups C and D are often shallow and are sometimes made of a thin layer of otherness
that may or may not be surmounted by thin colluviums and alluvium. On the terraces of groups C and D,
erosion has often exposed bedrock. In contrast, soils in Groups A and B are composed mainly of thick
colluvial and alluvial deposits that demonstrate that the surface horizons were little or unaffected by erosion.
It is these processes that explain the strong correlation between parent material and the state of agricultural
terraces degradation. The statistics showed a significant relationship (p <0.05) between the color of the
horizon of the soil surface wet and the state of agricultural terraces degradation. In general, the soils of group
C and D tend to be dark while those of groups A and B tend to be somewhat clearer. This color difference
when translated into reality, it reflects a difference of wealth in organic horizon. The soil surface horizons
richer in organic matter are generally the darkest ones. The majority of the terraces of groups C and D are
not cultivated, so they are overrun by weeds that enrich organic matter. In contrast, tillage and crop exports
are not conducive to the accumulation of organic matter in the surface horizon of soil and light shade where
soil groups A and B. 

Moreover, statistics have shown that there is strong relationship between the rates of surface cover by
spontaneous grass and herbaceous and state of terraces degradation. This relationship may be due to the fact
that the terraces of groups C and D are often abandoned and not maintained and therefore, they are likely
to be grassed. The investigation on the field showed that the rate of recovery by natural vegetation varies
between 5 and 60% in C and D. Therefore, it is inadequate to protect the soil against erosion. In contrast,
the terraces of the groups A and B are regularly plowed, cultivated and weeded. Thus, the presence of
spontaneous vegetation on farmland is a good indicator of their abandonment.

Prospecting on the field showed that slaking crusts develop mainly in the terraces of groups A and B.
This result is confirmed by the strong statistical relationship between the presence of the crust and the state
of agricultural terraces degradation. The formation of slaking crusts at the terraces of groups A and B is due
to the fact that they are well maintained and therefore, their surface is flat and supports the accumulation
of silt on the surface. Similarly, the poor organic matter in the soil suggests a low structural stability and
easy dispersion of aggregates by irrigation water or rain (splash effect). The slaking crusts are rather
infrequent in groups C and D, and when they exist, they are usually very thin compared to those of groups
A and B. This situation is explained by the fact that the fine fraction of soil groups C and D is carried by
runoff. It could also be explained by the fact that the soil of these terraces, which tends to be dark and with
a good recovery by the wild plants, more organic and therefore, it is provided with a better structural
stability.

Regarding the distribution of the different types of crops, the results showed that cereals are grown either
in the terraces of groups A and B. However, crops with high profitability (growing coffee for example) are
limited exclusively to non-degraded land (Group A) which is, in fact, the most fertile groups.

Other factors and physical and environmental indicators such as the location of the terraces in the
landscape (geographical coordinates and elevations), the size and shape of the coarse surface, the rate of
recovery of land by trees and shrubs and soil texture have no statistically significant relationship with the
state of agricultural terraces degradation.

Conclusion: 
This study showed that the degradation of agricultural terraces in the region of Al-Kimmah Kuhlan Affar

Yemen is strongly linked to socio-economic and environmental factors. Based on the results of this research,
it appears that rural-urban migration has a significant negative impact on the maintenance of dry stone walls
and through effects on land degradation. The abandonment of agricultural terraces by their owners is the main
economic consideration. In fact, the lack of financial gains due to low profitability of some terraces is the
factor most apparently leading to abandonment of agricultural terraces and their degradation. This is observed
particularly at steep slopes (slope> 16%) in which the majority of them are moderately and severely degraded
terraces. In addition, because the steep slopes promote erosion in all its forms, agricultural terraces are found
to be relatively inaccessible, little wider, and their soil is shallow. Therefore, they are economically
inefficient. Moreover, the stability of agricultural terraces and their sustainability is guaranteed only by the
stability of the overall system of terraces to which they belong, i.e. the system-wide watershed. It is known
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that the maintenance of agricultural land is a major factor for its preservation but also for the preservation
of the terraces that lie downstream from it. The abandonment and degradation of agricultural terraces may,
ultimately, weaken and thus destabilize much of the terrace system of the studied watershed.

At the physical level, steep slopes, the difficult terrain, the presence of rocky outcrops, the wild plants
and the dark color of the soil are good indicators of land degradation in the region of Al-Kimmah Kuhlan
Affar. Other physical factors (location of the terrace in the landscape for example) or socioeconomic (levels
of sophistication landowners, customs, and financial assistance from the state) have no significant effect on
the degradation of terraces.

Finally, it could be concluded that the causes of degradation of agricultural terraces of Al-Kimmah
Kuhlan Affar are social, economical and environmental factors. Specifically the most influential factors are
the exodus local workforce, low agricultural productivity, the lack of economic profitability, and steep slopes.
These indicators and degradation factors of agricultural terraces concern not only the mountainous areas of
northern west of Yemen, but all the country and even all the areas situated within the same social and
economic context. In these areas, durability of agricultural terraces system through the maintenance and
rehabilitating is a major pawn for a sustainable agriculture as well as for population food safety.
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