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Abstract

Goulbi Maradi valley is a temporary flow stream with a basin containing great agro-ecologic potentials.
However, this potential is dwindling at a rate that corresponds with increase in the ecosystem’s vulnerability.
This study is focused on a part of this basin, an area of about 2600km”. The aim of this study is to better
understand land use/cover change through diachronic analysis by integrating remote sensing and GIS. Visual
interpretation of satellites imagery (1972, 1986, and 2001), field works, technical and survey data were used to
provide quantitative analysis of Land Use/Cover change information and its greatest drivers in the study area.
The changes become more and more important under simultaneous influence of successive droughts (1973-1974
and 1983-1984) that have disrupted ecological balance, anthropogenic and animal impacts, ecosystems
degradation and politico-institutional policies. In fact, the land use temporal dynamics are characterised by the
continual degradation of vegetation, the complete state of land saturation (resulting in conflicts between farmer
and herders), the narrowing of grazing areas, bare land expansion, the bank erosion of stream bed, the decline in
flooded plain and precariousness of flooding surface of the study area.

Keywords: Land saturation, Ecosystem degradation, Goulbi Maradi Valley, Temporal dynamics
1. Introduction

In the early twentieth century, the world forest area was estimated at 5 billion hectares. This figure has reduced
to 2.9 billion hectares. This represents almost a double of the world’s cultivated area. These declined forests are
mainly concentrated in developing countries where implementation of policies to reduce emissions from
deforestation encounters big challenges, and where capacity for deforestation monitoring is well-advanced in a
few countries and is a feasible goal in most others (Ruth D. et al., 2007). From 1990-1995, the loss of forests in
these countries has averaged 13 million hectares per year or 6.5% per decade (Lester R. Brown, 2009). Clearing
for agriculture to ensure food sufficiency for the growing populations is partly responsible for the forests
destruction (Ziyong S. et al., 2008). In the last few decades, conversion of grassland and forest into cropland and
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residential areas has risen radically due to population growth, food scarcity, and urban sprawl (Houghton R. A.,
1994; Meyer W.B. & Turner B.L., 1994). Recent climate change studies throughout the world have shown that
the effects of land use/cover changes have modified the background level of carbon storage in the vegetation and
soil (IPCC, 1995; Upadhyay, T.P., Sankhayan, P.L., Solberg, B., 2005; Lal, R., 2004; Palumbo et al., 2004;
Follett et al., 2005; Jones, M. B. & A. Donnelly, 2004).

The conversion from forest land to land crops, such response adopted by farmers in the semi-arid areas
(Casenave A. & Valentin C., 1989) is an increasingly important dimension in the Sahel and this is a major
concern, causing land degradation. Recurrent droughts in Niger, the increased degradation of natural resources in
addition to the increase in human population and livestock density positions the country in the “environmental
change” context of Sahelian countries. Land use changes and their ecological effects constitute one of the
hotspots of global change research and reflect the relationship between human being and nature, with integrative
and regional feature. In fact, all agro-ecological zones in Niger undergo changes quickly perceptible, in response
to the cumulative effect of anthropogenic and natural factors hindering heavily the ecosystems regenerative
capacity of different watersheds of the country, such as the Goulbi 'Maradi valley, the object of this study.

To improve understanding of land changes under diverse cultural, economic, political, institutional, and
environmental situations, some investigators have carried out a flurry of studies about the causes and
consequences of land use change spawned recently (Meyer W.B. & Turner B.L., 1994; Lambin E.F. ef al., 1999)
both at world and regional levels. Many studies based on ground measurements and/or interpretation of remotely
sensed data have been carried out to monitor the spatial and temporal variability of landscape (Karnieli A. ef al.,
2008) and environment through land use and land cover changes assessment. Many biotic, abiotic, and
environmental effects caused by land use/cover changes have attracted much attention of some researchers
throughout the world (Brooks et al., 2006; James et al., 1999; Ludwig ef al., 2001; Perkins & Thomas, 1993).
However, at local level most literature on land use/cover shifts considered a small portion of space (Aboubacar I.
et al., 2007) or analyzed and emphasized on particular phenomenon such as deforestation among others. This
study, on the other hand, focuses on all of the land use/cover units within the study area. The particularity of this
study is also reflected in its provision of detailed information about some land use units dynamics (grazing area
and livestock or transhumance corridor) which have not attracted much attention in previous studies which has
left the problem inadequately addressed.

This study aims not only to detect the long term land use/cover shifts (from 1972 to 2001) in Waro-Souloulou
area, but also to determine the greatest drivers of the shift. The Waro-Souloulou area is included in Goulbi
Maradi basin where remote sensing and geographical information system (GIS) was applied in order to provide
quantitative analysis of land Use/Cover Change information in this area. This study will be of immense
importance in this area where many NGOs are involved in developmental projects. Land use/cover shifts study
creates a novel statistics that helps to describe the interactions between human activities and their environment.

2. Study Area Background

The Goulbi Maradi originated from the granite mountains of Kano, Nigeria and crosses through the Maradi area
of Niger where it describes a loop about 150km long, and then returns to Nigeria to join the Rima River which is
a left bank tributary of the Niger River. Its drainage basin covers an area of 9787 km?, of which 3803 km? is
located in Nigeria and the remaining 5984 km? in Niger. The entire basin is located between 13 00 '13 30°’N
latitude and 6°00'-9°00'E longitude (GIOES, 2007). The study area is a portion of the Goulbi Maradi watershed
in the Niger part and it covers 2600 km?” (43.4% of the Niger part of the basin area) and is located between 13
50'55"and 13 14'47"N latitude and 6 23'54" and 07'41"7 E longitude (fig.1).

The climate type is Sahelian, characterized by two types of seasons. There is a rainy season lasting three to four
months (June to September) and a dry season that describes the remainder of the year. Rainfall is concentrated in
three months and dispersed unevenly around the area. In addition, the quality of the rainy season varies greatly
from year to year. Mean annual rainfall varies from 450mm to 500mm and the rainfall gradient decreases from
south to north. The area is marked by recurrent droughts (1973-1974 and 1983-1984). The watershed of Goulbi
Maradi valley is located at the eastern edge of Iulliminden sedimentary basin. The Geomorphology is
characterized by Plateaus associated with sandy plains in this area (Dan D. A. et Moussa 1. B., 2000). The
predominance of the textured sand-silt soil in the area confers it an effective agricultural development area. On
the other hand, the lateritic plateaus are assigned to pastoralism, the hydromorphic soil of hollow is the
privileged environment for irrigated crops.

In fact, the potential (land, water, wildlife and vegetation) contained in this basin is a unique environmental asset
in the changing Sahelian Zone where the eco-environmental change is very sensitive driven by climate change
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and human activities. But it is clear that for several decades, the unprecedented and still ongoing environmental
and socio-economic changes in this area have undermined considerably the potential of its ecosystems.

This watershed constituted a particular ecosystem where the degradation is on a major scale and much more
pronounced considering the multiple activities performed on the different geomorphological units of this area.
Ecosystem degradation of the watershed is a major problem and has gotten worse in recent decades, becoming a
major concern. The loss of biodiversity resulting in the loss of ligneous resources every day, affecting the
ecological balance of the environment (Yamba B., 1995), land degradation due to wind and water erosion,
changes in surface features resulting in the extension of barren land, disruption of the hydrological regime and
downward trend of water table, and the deepening of the Goulbi stream bed, all these are forms of damages
observed in the Goulbi Maradi watershed.

The study area is characterized by a high population density within the country leading to an intense pressure on
natural resources. Amongst the easily notable changes by most local people were the significant reduction of
plant cover, the depletion of water resources due to drying and the silting up of rivers, and land degradation as
well as its productivity. This situation has lead to a drop in crop yields as well as poor harvest thereby exposing
the local population to food crises and famines. The coexistence between farmers and stock breeder in the area
often lead to conflicts relating to the use of space and natural resources. Sometimes, grazing areas and corridors
are nibbled therefore sparking off permanent conflicts between farmers and herdsmen. An example is the Toda
tragedy of 1992 which resulted in the deaths of 104 persons in the study area.

3. Materials and Methods

In total, multidate datasets were used as fundamental data in this study. Landsat] MSS acquired on 7 November
1972, Landsat5 TM acquired on November 28 1986, and Landsat ETM+ acquired on November 29 2001
(chosen because it was the last imagery available) (Table 1), and a panchromatic image for re-sampling, all
constituted the source of data. These images were in individual bands (Table 1) in GEOTIF format of USGS.
These bands were imported and combined into a single multispectral image. Then, Landsat TM false colour
composite satellite imagery (reference year 1972) was carried out. During this operation, three fundamental
colours have been attributed to the three image bands. The results were: near infrared band was coded red colour,
red band was coded green colour and green band was coded blue colour. Indeed, on-screen observation of colour
composite showed the presence of vegetation in deep red, crops in light read, lateritic plateau in blue, water in
light blue, bare land in green, the flood plain in black and so on. Thereafter, Mosaic images were operated. In
total two scenes (Guidan Roumji’s scene and Maradi’s scene) that concern the study area, have been used for
imagery mosaic. During the process in which ArcView GIS 3.2 was used, the scenes were geo-referenced using
UTM geographic projection system. When each scene was fully digitized and transformed into the adopted
reference system, the individual scenes fused to a single image. The ETM+ image was geo-referenced using
ground control points, and then the MSS and TM images were geo-referenced using the pre-defined ETM+ as
reference coordinates. Igbokwe J. 1. (2010) noted that higher resolution image can be re-sampled to a lower
resolution image and vice versa. After extracting the concerned study area, all images were re-sampled to a lower
resolution (14.25m) in order to improve and optimize treatment output, make clear all land use/cover units in the
study area and identify them perfectly.

Visual interpretation of images was adopted as methodology because of the availability of a sound knowledge
about the study area. Target recognition was the key to the interpretation and information extraction. The
observation of differences between targets and their backgrounds involves comparing different targets based on a
combination of the following characteristics: tone, shape, size, pattern, texture, shade and association.

Digitizing contours of thematic entities, descriptive attributes capture were carried out. Indeed, based on field
trip checking information the pixel matrices contours for each type of land use/cover were identified and
delineated on-screen; in total 1200 polygons were digitized. All data extracted were hosted in layers created
(hydrographical network, roads network, and different land use/cover units). After digitizing and filing layers,
the attributes capture was made. Then, objects layer of land use/cover have been defined by creating a table
containing the different units of land use/cover and digital key code for linking each polygon, line and point to
all of its attributes. All polygons are well described and their areas and perimeters were documented. Individual
land use/cover maps were created using the same process as above. After carrying out all maps in GIS and
Remote Sensing laboratory, a second field mission was conducted to check and correct errors. It should be
mentioned that a first field mission was undertaken after carrying out the false colour composite with a view to
identify the land use/cover units which were thirteen according to the Niger land use/cover nomenclature and
this fact was established. Then, in order to quantify land use/cover detection change, maps overlay were
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produced from Visual interpretation imageries (Landsatl MSS and Landsat ETM+; Landsat] MSS and Landsat5
TM; and Landsat5 TM and Landsat ETM+).

With regard to the sampling process of survey for determining land use/cover change drivers, three sites (Waro,
Souloulou, and Toda), each comprising of some villages were explored. In each of these sites, a representative
sample of 15% of each village was calculated. Then, in each village a representative sample of 15% of
households was determined. During the investigation, first priority was given to individuals constituting the
sample, then, informal interviews were undertaken with a view to seeking additional information to confirm
whether or not the data collected during the first interviews were reliable. The questionnaire was mainly
emphasized on direct and indirect land use/cover drivers arranged as follows: (i) Influence of fluctuations in
climate factors such as rainfall irregularity, poor rainfall distribution in time and space, and recurring drought
cycle; (ii) Influence of demographic pressure such as high population growth rate; (iii) Influence of bad practices
in the use of natural resource; (iv) Influence of cultural factors; and (v) Influence of political-institutional factors.
Other sources of data include; climate data, demographic data etc. SPSS software was used for analysing the
sample survey results.

4. Results
4.1 Land use/cover change

According to Niger land use/cover nomenclature and the one from Aboubacar er al. (2007), thirteen land
use/cover units were identified. These are: continuous pluvial culture / fallow; grazing Area; crops under wooded
park; shrub savannah; raised savannah; flooded area; Transhumance corridor; crusted surface; Aquatic prairie;
Bare plateau; Channels flow; Ponds/basins; and stream bed (Table 2).

As can be observed from summary Tables 2 and 3, the Land use/cover change of Waro-Souloulou area since
1972 was significant. Between 1972 and 1986, the grazing area decreased from 9.61% to 7.70% and by 2001, it
had fallen to 7.52% due to cultivated area increase (Table 3). Within the same year under review (1972 to 1986
down to 2001), while on one hand the complex of continuous pluvial culture/fallow area increased from 68.83%
to 71.41% and finally decreased gently to71.32%, crop under wooded park area decreased continuously on the
other (Table 3). With regard to bare land, it increased continuously from 1.19% to 2.14% and 3.37% for crusted
surface, and 1.05 %to 1.55% and finally 1.73% (respectively for the year under review) for the bare plateau. This
trend can be attributed not only to land cultivation in order to increase food production, but also because of
overgrazing (Fig. 3, 4 and 5). With a 0.32% value in 1972, the area of basins and ponds became 0.39% in
1986 before reaching 0.38 % in 2001. Following the erosion of its banks, stream bed of Goulbi deepened and
widened at the same time resulting in a cumulative 0.83% increase (1972 to 1986) (Table 3). But between 1986
and 2001, the area of Goulbi bed stream was fixed due to the construction of erosion control structures along its
banks. Before the seventies, natural vegetation cover in this area was very good. Since the beginning of chronic
droughts periods, rapid urbanization and other socio-economic activities, (decades 70 and 80) natural vegetation
saw a decrease. In fact, the decrease in shrub savannah and raised savannah were similar between 1972 and 1986.
This downward trend persisted for the raised savannah while the shrub savannah showed a 1.41% increase due to
a new vegetation (Table 3) protection policy undertaken by government from 1986 to 2001. In 1972 Channels
flow occupied 0.97%, 0.92% in 1986 and 0.57% in 2001 as a result of siltation. Flooded area decreased between
1972 and 1986 but increased between 1986 and 2001 (Table 3). This improvement was achieved, thanks to the
civil engineering structure constructed within the framework of Goulbi Maradi valley development project for
storing floodwater in full spate.

4.2 Drivers of land use/cover change

The driving forces are mainly biophysical and socioeconomic factors which lead to the change of land use
patterns and goals. In a natural ecosystem, the principal driving forces include; climate, soil and hydrology
whereas, the socioeconomic driving forces are usually grouped into some types including: population and
livestock fluctuation, livelihood, cultural practices, development in rural economy, political and economic
pattern.

Climate fluctuations are manifested by successive droughts (1973-1974 and 1983-1984) that affected the area,
leading to lower rainfall characterised by irregularity in time and space. Indeed, the cumulative effects of drought
and irregular pattern of rainfall have lead to a rapid degradation of the ecosystem and vegetation cover and of
course low crop yield. This trend exacerbated the clearing of land for agricultural development. Chronic drought
has decimated much of the stock thereby contributing to the settling of the hitherto herders, prompting the
emergence of new needs for cropland. Indeed, the dry years engendered the change in flow regime of Goulbi,
which consequently exacerbates the trend towards a reduction not only in duration of flow, but also the surface
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of the aquatic prairie. Flooded area decreased between 1972 and 1986 (Table 3).

Wind erosion in the area has a very key influence on its land use/ cover change. There are two types of winds;
the monsoon and harmattan. The wind action is very effective, with a speed that varies from 4.1m/s to 2.5m/s.
An effective wind is able to move mineral particles with a diameter of 160um or greater (> 160um) with a speed
greater than or equal to 3m/s (Bagnold 1954 cited by Karimoune S., et al., 1990). Granulometric analysis
showed that the principal mode was 0.160 mm (A. Bagni, 2009) meaning the land surface is composed of
fine-grained, leading to mobilization of soil material by wind. The wind erosion is equally significant as
contributor to the acceleration of siltation in basins and ponds consequently reducing their areas. The same
situation also contributed to the loss of the thin topsoil that covered the surface of the cuirassed plateau which
was a result of overgrazing, thus promoting its spread.

Rapid population growth in this area had played a vital role on its land use pattern. With a very high average
annual growth rate of 3.1% for the period 1988-2001 and an average density of 7.2hbts/km?, the population of
the area exerts an ever-increasing pressure on the ecosystems. In addition, the increase in population results in
the emergence of new needs, part of which is food production. This situation further accentuated the pressure on
land resources with a consequent reduction in fallow periods (from 10 to 2 years) or even the complete absence
of fallow. Because Population growth is directly proportional to demand for agricultural products, there was a
consequent need for farmland.

A direct consequence of population pressure is the extension of cropland at the expense of grazing areas and
savannahs (Fig. 2), causing significant deforestation and expansion of bare land. Changes in age population
structure (more youths than ever) and migration from north to south also had its influence on the land use/cover
change. More able-bodies simply mean more agricultural workers and in turn, increased land use needs. An
average household in Maradi is consisted of 8 persons out of whom 3 are agricultural workers, according to
Amoukou A. 1. (2006). The dynamics of the population was marked by the migration and concentration of
populations to the south, as an aftermath of drought. "Formerly we needed to even hire labour but now we have
abundant and available farm workers for our entire field. As we speak, if we should find a field to clear, there is
enough hands available", said a farmer from Souloulou village, during an interview concerning land use/cover
change.

Practiced mainly for subsistence, agriculture is characterized by low productivity. The low productivity is a
direct consequence of the precarious rainfall, inappropriate farming techniques (which also does not match the
present situation of local population growth), and the constant soil fertility impoverishment. The population is
thus exposed to food insecurity. The farm area has encroached into other sections like grazing area, protected
areas (forests, protected areas, savannas) and even on marginal lands. More especially, the cultivation of
marginal lands exacerbated land degradation in the watershed and also amplified the soil erosion phenomenon.
As agriculture mechanization becomes more and more important, the use of ploughs for agricultural purposes
has increased. This situation allows farmers to cultivate more fields. Agricultural production methods influence
on the environment in variable forms (Casenave A. et Valentin C., 1989). Tillage is well dominated by the
practices of animal-drawn ridging which also shapes keenly surface features in favour of run-off, if it is done
perpendicular to contour lines, resulting in soil erosion. Worthy of mentioning also, is the monetization of the
rural economy in the area informed by the production of export crops such as groundnuts. The Groundnut boom
which occurred in southern Niger in the 1930s especially in Waro-souloulou area had led to the emergence of
new needs for cropland resulting not only in massive land clearing, but also depletion of its productive capacity.

It was recorded that the livestock population in Guidan Roumdji department increased significantly in terms of
numbers. It went from 301,986 head of cattle in 1972 to 223,442 head of cattle in 1986 and reached 408,030
head of cattle in 2001. This growth has had serious consequences on the environment. The activities related to
livestock play an important role in the process of the soil denudation from trampling, soil compaction and
overgrazing. The trampling on soil doubly impacts on land degradation process; soil denudation and soil
structure destruction. Because herders subscribe to a particular route, making it a daily business of Trampling,
the situation gets even worse. Following the repeated passage of animals, a combination of pathways as a result
and slope effects constitute a privileged drainage channels on the occasion of heavy rains, resulting in significant
linear soil erosion at the first stage and gradually gullies. Trampling has caused a compaction of the top soil,
reducing its porosity thus generating the formation of crust erosion and crusted surface extension. The droughts
of 1973-1974 and 1983-1984 resulted in extensive farming development causing reduction of pasture areas. This
situation provoked a significant increase in cattle pressure on natural vegetation areas which was already
weakened by drought (shrub savannah and raised savannah) causing its destruction.
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In order to ensure their livelihood, people practice some activities such as craft. Indeed, as an income generating
activity for women (van weaving, mats) and other social classes (blacksmiths, sculptors), the craft has greatly
influenced the land use dynamics. In fact, the uncontrolled, abusive and irrational exploitation of tuffs palm
doum (Hyphaene thebaica), for making mats, vans, string and other marketing products, exposed the soil to the
aggressive action of raindrops which in turn lead to the breaking of soil aggregates and thus promoted the
formation of crust, which increased the surface of bare land. In addition, the excessive use of Prosopis Africana,
an endangered species, preferred (by blacksmith) for its perfect calorific value and mortar sculptors due to its
hardness, density and durability. This species, according to 54.26% of farmers questioned is becoming extinct.
Its extinction could make a transposition to other species with high calorific value and affect in consequence the
entire ecosystem.

The way a community manages her space and resources is strongly influenced by cultural values and this is can
also affect the land use dynamics. The competition between farmers to acquire the coveted honorary title of
"Sarkin Noma" (farmer who records the highest agricultural production rate in the area) has led many farmers to
cultivate more and hence massive land clearing for agricultural use. The Islamic theory that encourages
procreation in order to expand the Muslim community has also aided population growth which provoked a
negative trend in land use/cover patterns. Fallow was also negated as a result of inheritance which rendered some
hitherto, family farmlands to individually owned ones.

Land use/cover changes were also influenced by the effects of certain decisions made by political institutions,
government and even traditional authority. Indeed, at the national level, a number of policies have been adopted
and implemented in order to ensure environmental protection and the sustainable management of natural
resources but the policies failed to address the needs of the local population. Through the lack of participative
management of natural resources, forests that have been declared “classified domain” by decree No.2386/SE/F
of April 8 1956 and No.5895/SE/F of October 27 1951 respectively, the forests of Kouroungoussaou and Guidan
Roumdji have been affected by deforestation and agricultural land encroachment.

Since the construction of the Jibiya dam in Nigeria in 1989, the Goulbi Maradi has experienced an unsteady rate
of flow resulting in the decline of flooded area. With a height of 23.5 m and a total length of 3,660 m, this dam
has a capacity of 142 million m® and was built to support irrigation and water supply.

5. Discussion

Within the framework of land saturation and declining soil fertility, government’s intervention in the rural sector
decreased significantly which have resulted in serious consequences on land use/cover dynamics. During the
1970s, government policies begat a heavy debt on the country and remained unpaid even after the uranium boom.
Economic difficulties led the government to register in 1984 in structural adjustment Programs imposed by
backer (World Bank and IMF) aiming to cut down on the government spending in fields where the private sector
efficiency was considered superior. There were two main effects of this reform program including a drastic
reduction of government investment in rural development (Hamadou S., 2000, cited by Yamba B., ef al., 2001),
and the cereal markets liberalization including the end of public monopoly service in charge of the purchase.
Niger's government privatized and liquidated as well (or reduced activity) several public enterprises in charge
previously of input supply and marketing (Hamadou S., 2000). In the study area, Rural Development Project of
Maradi (PDRM) which aimed to provide in substantial cost, a great amount of subsidized fertilizer, equipment
pulled by animals as well as credit systems were liquidated. The pitch has consequently made farming more
extensive in order to maintain production yield levels.

As in the entire Sahel region, the overall decline in rainfall, severe poverty especially in rural areas, and scarcity
of arable land are among other major challenges facing the people of the study area. This situation created a total
transformation in cultivation and agro-pastoral practices. Before 1975, the long fallow use was widespread
throughout the Region of Maradi and manure spreading by hand to fertilize the fields was not performed (Yamba
B. et al., 2001). Nowadays fallow has more or less been abandoned. The fallow abandonment was without any
mitigation measures in order to increase soil fertility. Despite the fact that the Rural Development Project Maradi
(PDRM/1977 to 1984) was ongoing, the percentage of cultivated fields receiving organic manure or mineral
fertilizers decreased from 1977 to 1984. This project which was operational from 1978 to 1986 allowed the
distribution of subsidized mineral fertilizer. Since 1988, fertilizer use has recorded a staggering fall (Moussa I. B.,
2000).

The rapid population growth and migration has resulted in land saturation (land saturation is defined as the
depletion of arable land available that are allocated by the chief members of the community). The creation of
Hausa kingdom in Maradi had attracted migrants from the south (Yamba et al., 2001). Then, during the French
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colonialism, the movement of the pioneer communities towards the northern areas in search for lands grew and
as such, the virgin areas became gradually occupied (Raynaut et al., 1988 cited by Yamba B. et al., 2001).
During the first phase of settlement of the Maradi community, because population density was low, migrated
communities practiced itinerant agricultural systems or long fallows (10 years or more) which was enough to
allow forest/vegetation regeneration and restoration of soil nutrients through the decomposition and degradation
of organic matter (Mousa 1. B., 2000). Land saturation and high rural population densities indicate that the
Natural resource Management is not possible through fallow. This reflects either a breakdown or the radical
change in agricultural systems.

Meanwhile, owing to the growth of village populations and their progressive involvement towards the marketing
of groundnuts, the pressure on arable land availability was increased. Farmland areas encroached into natural
forests and grazing land (Table 3) and continued to increase accentuated by way of consequence the decline in
agricultural yield. Indeed, owing to the deforestation and grazing areas reduction throughout Maradi Region, the
food needs of cattle, all year round, could not be met. Transhumance (towards south and Nigeria) lowers the
amount of animal manure available because the usual feed for manure contracts cannot be established. This
phenomenon results in a decrease in soil fertility. Increased use of crop residues not only for fodder deficits but
also as fuel by rural households had lowered soil fertility consequently its productivity.

The breakdown of farm units had its own consequences on land use dynamics particularly as it increases
pressure on land and reduces fallow. The growing influence of government has reduced significantly the powers
of the local heads in terms of land tenure systems. As a result, the powers exercised concerning land tenureship
by lineages through the head of the family (maigida) increased and there was land individualisation and control
exercised even by smaller family units or individuals belonging to lineages (Yamba B., 2000). This trend was
observed for the first time, 30 years ago (Gregoire E., 1980, Raynaut et al., 1988). In fact, land use system based
on the extended family (gandu) no longer exists in some areas, particularly in the south where the pressure on
land is higher. Other factors (e.g. high taxes, Islamic law) have accelerated the trend towards the
individualization of land rights and control. The less common use of fallow, and ultimately its disappearance,
affected the cultivated lands fertility. In addition, the contribution to land fertility from animal manure was not
sufficient to offset the reduction in fallow periods.

In some regions of Niger, the same way as in study area, agricultural expansion has increased through
mechanisation of tillage. Indeed during economic boom of groundnut and until 1975, the cultivated land has
grown rapidly because of the deployment of ploughs able to cultivate compacted soils that have been long
neglected by farmers in favour of dune sandy soil which was easy to work. The use of Ploughs was a major
factor in soil structure degradation leading to encrusted surfaces extension.

Grazing areas drop and pasture quality deterioration lead to lower animal load capacity in the area. Such
reduction could be exacerbated by scarce rainfall effects especially on biomass production in the grazing areas.
Drought cycles of the 1970°s and 1980 have resulted to a decrease in stages of animal load capacity model
(Peyre de Fabrégues, F., 2000). This has increased from approximately 4.5 million tropical livestock units in
1964-1972 to 2.75 millions in 1973. This figure rose to 4.6 million in 1983 but fell even lower in 1986 reaching
2.1 million before recovering to reach 3.2 million in 1999 (A tropical livestock unit (TLU) is equivalent to a
camel, 1.25 of cattle (or 250 kg), or ten sheep / goats).

When grazing areas become rare, herders usually lead their flocks to other locations in the south or even to
Nigeria for a part of or the entire year. This reduces the amount of animal manure available for the establishment
of pasture/manure contracts between farmer and herdsman. Despite the clarifications contained in the tenure and
access rights to natural resources in the Rural Code of 1993, grazing areas and livestock corridors continue to
decline leading to permanent conflicts between farmers and herdsmen in Niger. The 1993 code explicitly
addresses pastoral land use including pastoral “farm house” definition, and the identification and demarcation of
livestock corridors.

As in the entire Sahelian zone, the study area is characterized by reduced natural vegetation cover. In addition
to clearing for cultivation, destruction of forest resources is also caused by water deficits, and the actions of
herdsmen who now lead their flocks southwards of the pastoral zone in order to find enough forage and pruning
is practiced in the process (Moussa, 1. B., 2000).

In Niger there is a perpetual conflict between the land tenure legislation, which tends to encourage business
development and the forest legislation, which had a more sceptical attitude towards the development of this
sector (Elbow & Rochegude, 1989 cited by Yamba B. et al., 2001). The principle of “development”, which
allowed people farming unoccupied land to appropriate them, contradicted the forestry legislation of 1974, and
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this is a regular conflict (Yamba B. et al., 2001). The forest legislation placed the government in charge of all
forest lands that "were not in use" and allows the strict protection of some tree species. These conflicts had some
disadvantages like the discouragement of farmers to participate in the protection and planting of trees in forest
areas, or even within their farmland. Moreover, during the 1970s, many farmers also feared that government’s
efforts at encouraging them to plant trees on their lands were a maneuver in order to acquire their control (Yamba
B., 2000).

6. Conclusion

Land use/cover change in the study area has been effectively demonstrated by using satellite imagery. A set of
tools was specifically used to generate land-use/cover information from interpretation of satellite imageries in
the case of Waro-Souloulou area. This has shown the value of remote sensing tools and the importance of GIS in
analyzing land use dynamics as it has affected the Waro-Souloulou environment. Thus, the results were
corroborated by qualitative observations of the land in order to generate land dynamic situation map. Thus, the
analysis based the three periods (1972, 1986, and 2001) suggested that already by the year 1972, agricultural
land had began to show signs of saturation. This is evident from the fact that during this period, more than 68%
of the total land of the study area has been cultivated. The analysis reveals a decrease in cropland area. This
reflects a saturation property and a high rate of land use. The dynamics is also marked by the growing decline in
grazing areas and corridors in favour of the crop areas. Also, the areas of lateritic plateaus and encrusted surfaces
increased during the period under review. More so, due to increasing population, fallow is becoming a thing of
the past. The observed decreases in forest cover have two significant potential implications: decreased carbon
sequestration that has consequence on climate change and decreased forest habitat for wildlife species

Land use change, the role of human activities and institutions in bringing the change, and the consequences of
the change require careful consideration by land managers and policy makers in order to preserve environmental
resources (Naiman et al., 1997).
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Table 1. Characteristics of images required

Satellites Sensors reference Date resolution Bands
Landsat7 ETM+ g}ggigg? 29/11/2001 28,5m 23,4
Landsat5 ™ g}ggigg? 28/11/1986 28,5m 2,34
Landsatl MSS gggjﬁgg? 7/11/1972 57m 2,34

ETM+ = Enhanced Thematic Mapper plus; MSS = Multi Spectral Scanner; TM= Thematic Mapper

Table 2. Land use/cover states in 1972, 1986 and 2001 in Waro-Souloulou area

Years
Land use/cover units 1972 1986 2001
Ha % Ha % Ha %

Continuous pluvial Culture / fallow 178983.9 68,83 185690.,5 71,41 185440,0 71,32
Grazing Area 25008 9,61 20038,8 7,70 19577,7 7,52
Crops under wooded park 18416.7 7,08 16217,3 6,23 14676,9 5,64
Shrub savannah 11539.5 4,43 9327,2 3,58 9459 3,63
Raised savannah 5387.3 2,07 4972.,6 1,91 43978 1,69
Flooded area 4052.7 1,55 3380,3 1,30 5482,5 2,10
Transhumance corridor 4013.1 1,54 3655,4 1,40 3470,7 1,33
Crusted surface 3104.2 1,19 5579,2 2,14 8781,6 3,37
Aquatic prairie 2768.6 1,06 30422 1,17 1081,6 0,41

Bare plateau 2739.9 1,05 4041,2 1,55 4521,0 1,73
Channels flow 2531.7 0,97 2416,3 0,92 1493,2 0,57
Ponds/basins 842.8 0,32 1022,4 0,39 1001,4 0,38
Stream bed 611,6 0,23 616,6 0,23 616,6 0,23
TOTAL 260000 100 260000 100 260000 100

a/A*100 (a= land use/cover unit area; A= Total area)
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Table 3. Land use/cover change between periods 1972, 1986 and 2001 in Waro-Souloulou area

Land use/cover units

Absolute area cover in Ha

Cover change between periods in %

1972 1986 2001 1972-2001 | 1972-1986 | 1986-2001
Continuous Pluvial Culture / fallow | 178983,9 | 185690,5 | 185440 3.60 3.74 -0.13
Grazing Area 25008.0 | 20038,8 | 19577,8 -21.71 -19.87 -2.3
Crops under Wooded park 18416.7 | 16217,3 | 14676,9 -20.30 -11.94 -9.49
Shrub savannah 11539,5 93272 9459,0 -18.02 -19.17 1.41
Raised savannah 5387,3 4972.6 43978 -18.36 -7.69 -11.55
Flooded areca 4052,7 3380,3 5482.,5 35.28 -16.59 62.18
Transhumance corridor 4013,1 3655,4 3470,7 -13.51 -8.91 -5.05
Crusted surface 3104,2 5579,2 8781,6 182.89 79.73 57.39
Aquatic prairie 2768.,6 3042,2 1081,6 -60.93 9.88 -64.44
Bare plateau 2739.,9 4041,2 4517 65 47.49 11.87
Channels flow 2531,7 2416,3 1493,2 -41.01 -4.55 -38.2
Ponds/basins 842,8 10224 1001,4 18.81 21.3 -2.05
Stream bed 611,6 616,6 616,6 0.81 0.81 0
Total 260000 260000 | 260000
F-I/T*100 (I= Initial year area; F = final year area); after Diress et al. (2010)
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Figure 1. Study area location map
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Figure 2. Land use/cover map in 1972 of goulbi Maradi watershed in Waro-Souloulou Area
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Figure 3. Land use/cover map in 1986 of goulbi Maradi watershed in Waro-Souloulou Area
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Figure 4. Land use/cover in 2001 map of goulbi Maradi watershed in Waro-Souloulou Area
Published by Canadian Center of Science and Education 61



www.ccsenet.org/entr Environment and Natural Resources Research Vol. 2, No. 1; March 2012

Goulbin Maradi Basin : Waro - Souloulou Area

Land uselcover change 1972 - 2001
\Kouduu Moussé M
Katouna ,Qa@;\gada‘ Y
M""fj aleye {1
’:é«ﬁamadaﬁila\ : f?oundouna\j\llah lkl\i
Gain Kasso \ \\ / K)—ﬂﬁnla{ndmwﬂ
“\1 / i Guldan Tawsy
\, ik KaesanTa%’a Sehe\ 1 /\
b \’\/“\\-\ \ j) ‘\‘ Sepin Fatchi
GarinKoutoubou | Bl wa\ K{Narmeuladod \ f H“ »
A } . i ) }(amnﬁska InWala Yymroro
o S | o ) Y
\'Baragn Shalhda(()\‘ulahknhnnwnlhDab? “{ 3 / i .Dﬁn'ﬂuvhe \ \ \ % E Jﬂn{mﬁuldan ta Minfyavia
\ E\Marake\ onal Mayadé __ﬁf- \ \ Pa'”(“ ]’MaSerkav ,_.Chadagw i
L ;Cﬁdambq1kavangu\y§. | ) A ch | ““ 1540
/ g '
’ A
ihlamu \
—"—\w fih v \]' %
Ik Kay Sl L R G GO S L ol W O » e L L T 90 - A e P (s
Sangue: “Sa:oua Zaboua, \
J
o { ! . Tabarava $Slota b
L - - oot T
J / r
X %waw ? \ ‘\ - Inlg Dan Sofova ) R‘rgv ) ; smawasm%q:@{we
[ o ek pusai f
\ 'Jo«da ua Na’anlchy o 'TM ) du.u . "
\\ €, ¥ Sann Gaco ! ' 2 . .
r | “ufr ) & Garn E)aba'afiumamu Sabotg” 0|
Bifikdoua
Legend Toad /
Roads network Bare land g
ae== SecOndary road Crusted surface PO / s
o GarlpBaloje g
— Asphalted road Bare plateau ‘ Lo N
Animal path area ] ¥, .t
, Hydrography Tl T~
GraZIng Area Guidan Annabauiar———— LA - 0 10 20 Km
;s Tem porary streams "")\" o JTF}M Gatin Mindzo uﬂ: Odnba
I Tanshumance corridor I steam bed ‘ \ R | | |
) ) = i Garin Gaja .
Natural vegetation Occasional flow \ TN u
\ ! L erkiYam(ia Solova
Savana Channels flow ¢ ¢ \ e -
. Raised savanna Natural surface water Qe uny " i wan|
Shrub savanna  Pondshss hy o
Prairie — Flooded area ,1/
Aquatic praiie Settlements "'"a
Croplands & Townshilages
Crops under wooded park
: . Source : Landsat? ET+ 29 SEPTEMBER 2001
Continuous pluvial cuture [ fallow, | i .
FI00E 400 B500E TO0E T100E

Figure 5. Land use/cover change map between 1972 and 2001 of goulbi Maradi watershed in Waro-Souloulou

Area
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