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ABSTRACT

The study aims at selecting site suitable for cattle ranch location within Girei Local Government Area,
Adamawa states using remote sensing technique with GIS as a platform for evaluation. Various dataset
collected and process to determine these areas are as follows: the land use and land cover, slope, soil
type, water source, rainfall, residential areas and road network. Which amongst them serve as a criteria
and constraint which are weighted by Analytical Hierarchical Process for the Multicriteria evaluation
in a GIS environment in producing final suitability map. The result shows that 24% of the total area
(28937 Ha) is highly suitable, 67% (80364 Ha) is moderately suitable, 7% (7809 Ha) is less suitable
and 2% (1902 Ha) of the total area under consideration is not suitable for sitting cattle ranch. The
finding indicates that areas with abundant availability of grasslands, water source, rainfall, flat of
gentle slope, are highly suitable. North-eastern part of Girei Local Government was found to be suitable
locations for establishing cattle ranches. Also, the study shows that GIS-based Multicriteria evaluation
provides a great advantage to analyze multiple layers of data spatially and quantitatively to technically
identify suitable land and good cattle ranch development. It also shows that without biased, decision-
making on-site suitability using Analytical Hierarchical Processes powerful regarding those factors
and constraint. It is recommended that for the success of cattle ranch establishment development,
maintenance and employment opportunities for people around the area of study or beyond to be
created.
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1 INTRODUCTION

anching involves separating an area of land, including various structures, principally for raising
R grazing livestock such as cattle or sheep for meat, milk, wool and other livestock products [1].

Cattle ranching also are the practice of raising herds of animals, specifically cows and sheep,
on a designated area of land, including various structures, dedicated primarily to the practice of rearing
grazing livestock, for the production of meat, milk, or wool [2]. Cattle rearing constitute an important
sector of the Northern economy; its development was fostered mainly through the activities of
indigenous cattle dealers and herders in response to improved market opportunities. The movement of
the pastoral Fulani with their penetration in to Hausa land can be traced to the fifteenth century. Their
concentrations are mostly found in Sokoto, Katsina, Kano, Bauchi, Plateau and Zaria [3]. This
transhumance has been practiced in Nigeria for centuries and is commonly constrained by threats of
animal diseases; insecurity, shortage of forages and water resources for livestock. The resulting gradual
disintegration of the burtali (official stock migration routes) allowed indigenous farmers to claim
ownership rights to fertile land and waterways which Fulani cattle had been grazing for over two
centuries. However, despite numerous attempts by both government and international organizations to
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improve the land rights situation, rising tensions in northern Nigeria have resulted in ‘horrific
internecine violence over the last 20 years with Kaduna and Plateau States have been the worst affected,
with over 10,000 deaths since 2010 [4]. Towards addressing the critical issues of Nigeria’s pastoralism
and herd’s management, the Federal Government, through the Federal Ministry of Agriculture and
Rural Development is setting up 5000 Ha cattle colonies in at least 21 states of the federation equipped
with all requisite infrastructure and facilities [5]. Cattle colony, Rangeland or Ranch is a piece of land
dedicated to grazing livestock such as Goats, sheep, Cattle, and even Horses for commercial purposes.
It is usually large with accompanying structures and facilities that services the chain of product related
to the ranches [6]. It can be seen as the restriction to nomadic livestock, it is the modern way of doing
cattle business. The proposed cattle colonies are targeted at addressing the contemporary issues of
pastoralism and transhumance in Nigeria. However, the location of a complex system as a cattle ranch
requires adequate knowledge for maximum usability. GIS and Remote Sensing techniques offer a
convenient and powerful platform to integrate spatially complex and different land attributes for
performing land suitability analysis. Pastoralist-farmers’ conflicts in Nigeria have grown, spread and
intensified over the past decade and today poses a threat to national survival. Thousands of people have
been killed, communities have been destroyed and so many farmers and pastoralists have lost their lives
and property in an orgy of killings and destruction that is not only destroying livelihoods but also
affecting national cohesion [7]. In addition, the incessant clashes between farmers and herdsmen are
not a battle of hate but that of survival, for their cattle over insufficient pasture. This scarcity means the
Fulani’s now increasingly take their herd to forage further south, through towns and large villages as
they traverse from north to south, roaming cattle, goats and sheep, sometimes scavenging playgrounds,
school compounds, residential areas and national highways. In doing this, they intrude and cause traffic
obstructions and in extreme cases, bring violence on farming communities when confronted in remote
villages for trespassing on farm lands. There have been recurring clashes between herdsmen and farmers
in the central Benue, Plateau, Nasarawa states and further south in Delta [8]. There is no contesting of
the fact that cattle farming in Nigeria are one lucrative branch of agriculture which has made so many
investors millionaires as well as creating employment for a bunch of others. Cattle ranching are an
important economic activity in Girei Local Government Area, Adamawa State, Nigeria. However, the
practice is faced with several challenges, including overgrazing; land use conflicts, environmental
degradation, and lack of access to water sources. The pastoralists and their livestock are on the streets
in most of our cities and could also be found operating in the remotest Ismail villages in various states
of the country. Roaming cows, sheep, and goats scavenging around school playgrounds, government
residential areas, street shoulders, and railway sidings are a common sight in the cities due to pasture
scarcity (Ismail. 2013). These challenges are compounded by the lack of a systematic approach to cattle
ranch site selection and management, which has led to sub-optimal land use practices and increased
environmental and social costs. As a result, there is a need to identify suitable areas for cattle ranching
in Girei LGA, based on objective criteria and using modern tools such as remote sensing and GIS, to
promote sustainable ranching practices and mitigate the negative impacts of cattle ranching on the
environment and local communities.

2 THE STUDY AREA

The study area is Girei Local Government Area of Adamawa State located in the North-eastern
part of Nigeria. It is geographically located latitudes 9° 13’ N to 9° 37’ N and Longitude 12° 15’ E to 12°
42" E, and 814 feet elevation (Figure 1). It is boarded by Song Local Government Area in the North,
Fufore Local Government Area in the East, while River Benue acts as a physical boundary between the
Local Government Area and Yola North and Demsa Local Government Area. Girei Local Government
has a total land area of about 1848km with a total population of about 129,855 persons according to the
2006 population census with a projected rate of 3.12% per annum.
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Figure 1. Map showing the Study Area
3 METHODOLOGY

The various procedures used in this research to arrive at the final suitability mapping result
include: the collection of various datasets relevant to the analysis to be carried out, these datasets were
then prepared for better interpretation. Geospatial analysis was then carried out, a procedure in which
criteria were selected and standardized. Multi-criteria Evaluation was carried out to produce the final
suitability map. The methodology flowchart is depicted in Figure 2.
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Figure 2. Methodology flowchart
3.1 Data Acquisition

The dataset used in this study divided into two that is Primary data that obtained from remote
sensing Landsat 8 satellite imagery for the area for identifying the study area and Garmin 12 handheld
GPS for obtaining the coordinates as the field data. While secondary source of data includes Journals,
Publishes and unpublished thesis, text books among others. Table 1 shows the dataset and their sources.
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Table 1. Dataset and their sources [9]

Data Source/Date of access Scale/Resolution Usage

World Land use Land cover GIS Geography 30 m resolution Land use Land cover
data. www.gisgeography.com mapping

SRTM (Shuttle Radar Thematic ~ Earthexplorer.usgs.gov 3 arc-seconds ( ~ 30 Topographic/Slope
Mission) meters) spatial resolution ~ mapping

Road Network BB Bike Criteria mappings
Hydrological data (Rivers, NASA TRMM Satellite Criteria mapping
Streams, Dams) www.earthobservatory.nasa.gov

Rainfall/Precipitation NASA TRMM Satellite Criteria mapping
Residential Area BB Bike Criteria mapping

3.2 Data Processing

The various datasets such as satellite images were collected in their raw format were processed
for better interpretation of data that met the specification for further usage and subsequent analysis such
as for land suitability assessment is a multiple criteria evaluation process.

3.3 Land Use Land Cover of the study area

Classifications as well as various types of LULC elements such as: developed/Urban or Built-
up Land, Wetlands, Agricultural or croplands, water bodies, grasslands, bare surface, rocks formations,
Forest Land etc. The areas such as Urban or Built-up Land and are considered not suitable for siting
cattle ranch while grasslands and forests, and proximity to wetland and water bodies are considered
suitable. Land use Land cover map of the study area was extracted from the World Land Use Land
cover map. Residential Area dataset was extracted from land use land cover map from Lansat 8 Satellite
imagery of the area and imported it into ArcGIS as a data layer and was used to prepared residential
map of the study area. Table 2 shows the set of criteria for potential cattle ranch land suitability

mapping.
Table 2. Set of criteria for potential cattle ranch land suitability mapping

Criteria Description

Land Use Land Cover Various land uses have varying level of suitability for siting cattle ranch. Bare land and vegetation have
the highest suitability while water body, rocks and developed land has lowest suitability.

Slope Slope is one of the basic parameters for land suitability assessment as the lower the slope or the higher
the slope some areas may be negatively affected.

Soil Type Livestock fulfil their feeding needs from plants; soil provides plants with all the necessary nutrients
required

Rainfall Moisture availability is important for forage growth and contribute to availability of water in the rivers,
streams and dams

Distance from water Source Proximity to water source is an indispensable parameter for sitting of cattle ranch. Water is essential
for survival.

Distance from Road This is a socioeconomic factor that aid in transportation of livestock and product to and from markets.

Distance from Residential Area | This is a constraint that settle the cattle ranch not to be around such areas and not too far from this area

34 Data Analysis Techniques

The analysis adopted for the study area is the Analytical Hierarchical Process (AHP) of the
Multicriteria Evaluation that includes the following parameters:

3.4.1 Standardization and Scaling of defined Criterion

The spatial dataset needs to be unified to assume same form, unit and has to be in a uniform
scale while weights are assigned to each criterion depending of its important or otherwise in the decision
processes. This is a process of setting the relative importance of each criterion. Since the various factors
chosen are in different units of measurements, for example: slope (in percent), distance maps (in meters)
etc. This standardization is in pairwise form that rate all factors to one scale.
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3.4.2 Pairwise Comparison of the criterion

A pairwise comparison technique is typically used for rating and standardizing the ordinal
values. The spatial dataset needs to be unified to assume the same form, unit and has to be in a uniform
scale then weight assigned by the researcher to each criterion depending of its important or otherwise
in the decision processes. This is a process of setting the relative importance of each criterion. Since
the various factors chosen are in different units of measurements, for example: slope (in percent),
distance maps (in meters) among others. A fuzzy set is essentially a set whose members may have
degrees of membership between 0 and 1, as opposed to a classic binary or Boolean set in which each
element must have either the value 0 or 1 as their membership degree. Hence, the criteria and constraint
are paired in a matrix table form as designed by to calculate the weight of importance of each of the
factors as in Table 3.

Table 3. Pairwise comparison of the criterion in matrix table

Criteria Land Cover  Slope Water Source Rainfall Soil Type Road Residential Area
Land Cover 1 5 1/3 Y2 1/5 7 5
Slope 1/5 1 1/5 1/3 5 2
Water Source 3 5 1 Yo 5 7
Rainfall 2 3 3 1 5 3
Soil Type 5 Y Y 1/3 3 3
Road 17 1/5 1/5 1/5 1/3 1 2
Residential Area 1/5 Y2 177 1/3 1/3 172 1

From the matrix above, by assigning the importance of the factors we can calculated the
weighted matrix of the criteria. The procedure is as follows: 1) Sum each of the column in the matrix
table. 2) Use the ith number in a column of the matrix and divide by corresponding column sum to get
the normalized pairwise comparison matrix. 3) Sum each of the row of the matrix table to get your
weight of each of the criteria (Table 4).

Table 4. Criterion scale of weight derived from the pairwise comparison matrix

Criteria Weight
Land Use Land Cover 0.40
Slope 0.20
Water Sources 0.5
Rainfall 0.5
Soil Type 0.15
Road 0.5
Residential 0.10
Total 235

3.4.3 Creation of Distance/Proximity Map

The dataset such as the road map, the river and residential settlement are imported into the
ArcMap and prepared (as discussed in the proceeding sections) for further analysis: 1) The road map
shapefile which comes in a Polyline feature is clip with the shapefile of the study area, the dataset is
converted to raster using the Conversion Tool of the Arc Toolbox in the ArcMap. 2) After converting
to raster, the proximity to road is created using the Euclidean Distance in the Spatial Analyst Tools
under Distance. 3) The Euclidean Distance of road network as raster dataset is now then Reclassify to
a 5-class proximity and the value of importance is assign to the classification, and then ready to be used
for the weighted overlay to find the suitability map. As the above process was carried out, the same
procedures were followed to create distance maps for the water resources and the residential settlement
around in the study area. The water resources dataset was derived from SRTM DEM which water
delineation was extracted using a Model Builder in the ArcMap, by creating different condition such as
the flow accumulation, flow direction, basin to create watershed of the study area.
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3.4.5 Weight Overlay Evaluation of Multicriteria

The multi-criteria evaluation to identify areas suitable for cattle ranching in Girei LGA,
Adamawa State is then carried out from criteria stated above with their respective weight. 1) From the
Arc Toolbox, locate Spatial Analyst Tools and click. Go to Overlay and click, after that select Weighted
Overlay (the feature will open). 2) Using the plus sign for adding of raster files of the criteria, add all
of the classified criteria and use the weight calculate at the place where influence in percentage is written
and set the weight for each of the criteria. 3) Set the Evaluation Scale to 1 to 9 by 1 and click OK, the
feature will run and generate the suitability map.

3.4.6 Suitability Map

After generating the final map, the map reveals the areas of cattle ranching suitability into four
class of highly suitable, moderately suitable, less suitable and not suitable. From the generated map we
calculate the total area of each of the given suitability rank using the Calculate Geometry feature in the
ArcGIS.

4 RESULTS AND DISCUSSION
4.1 Criteria for Evaluation of Areas Suitable for Cattle Ranching

Figure 3 shows the slope map which is extracted and classify from SRTM DEM of the study
area with highest elevation of 573 meters and the lowest of 145 meters above the Mean Sea Level
(MSL). The values of the slope map are in percentage that shows the terrain of the study area from 0%
to 3% as a flat land to 39% to 94% as a very steep slope.
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Figure 3. Slope map of the study area

The rainfall datasets in Figure 4 prepared for the suitability selection has a range of an annual
average precipitation of 863.279mm to 907.506mm (from 2011 to 2020 which is 10-year interval). The
northern part of the study area shows a low rate of precipitation and the southern part has the highest
rate of precipitation.
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Figure 4. Rainfall map of the Study Area

Figure 5 shows the road network of the study area which is classified based on the type of road
useful in the study area. The road consists of federal road (popularly known as Mubi road), high
concentration of residential roads can be seen around the Viniklang, Modibbo Adama University, Yola
and Girei town. Footpath, tracks linking one area to another can be see over the map.
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Figure 5. Road Network map in the Study Area

Figure 6 is the output of the processing of the water resources dataset. This includes rivers,
streams, lakes and dams within the study area. A typically water visible water body is the River Benue
that pass through at Hayin Gada and lake Gerio at Jambutu area.
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Figure 6. Water Sources in the Study Area

Figure 7 shows the soil type map which classifies the soil based on the Food and Agricultural
Organization (FAO) classification to show the type of soil in the study area. The soil in the study area
are classify into four, Loam soil, Sandy clay loam soil, sandy loam soil and also sandy loam soil (with
different concentration).
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Figure 7. Soil Type of the Study Area
4.2 Land Use Land Cover in the Study Area

Figure 8 shows the land use of the study area classified by supervised classification. Some of
the classes were extracted to create factors which were subsequently used for the suitability analysis in
ArcGIS. The build-up area which covers the Viniklang, Modibbo Adama University, Girei town and
some other part of the study as seen in the map, the water body shows the River Benue that pass through
at Hayin Gada, the lake Gerio at Jambutu area. The vegetation of green grass and crop land in yellow.
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Figure 8. Land Use Land Cover map of the Study Area
4.3 Analysis of Criteria Data using Remote Sensing and GIS Techniques

[9°200'N

The criterion for cattle ranch site suitability selection as stated above, the data are not in the
same format or unit of scale which makes it very difficult to acquire and carry out a direct analysis. The
road network accessibility is acquired from the site BB Bike which was brought into the GIS software
ArcGIS and the study area shapefile was extracted. The feature of road network is a polyline which is
then converted to a raster format from the feature of the ArcGIS software in the Arc Tool box,
conversion tool, to raster and then polyline to raster (Figure 9). The same process is carried out for the
water resources as it is a polyline feature. The distance and proximity of the road network and water
sources is carried out using the Spatial Analyst Tools of the Arc Toolbox, under Distance, Euclidean
Distance is selected and the proximity of the feature is created as shown in Figure 10 weighted overlay
feature from tge Arc Toolbox under Spatial Analyst Tools, Overlay and weighted overlay in Figure 11.
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Figure 9. Conversion from polyline to raster
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Figure 11. Weighted overlay map of criteria
4.4 Suitability Map of the Study Area

Figure 12 revealed the ranch map of the study area showing the suitability ranch of areas with
highly suitability, moderately suitable, less suitable and the area that is not suitable.
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Figure 12. Suitability map for cattle ranch

Findings indicate that the unsuitability areas are places with higher slopes (>30%), places where
the soil composition does not support the growth of forage, the areas with low annual rainfall (less than
300mm), and rocky terrain. The area around Viniklang and Badirisa (Hayin Gada) which is rocky
terrain and low source of water is a not suitable for siting cattle ranch. Further, it is also believed that
remoteness of water resource is one of the main suitability limiting factor for extensive grazing by [10].
The result indicates that areas with abundant availability of grasslands, water, rainfall, flat or gentle
slope, are suitable for establishing cattle ranch. Land that has a good soil for the growth of high-quality
forage and grass biomass is preferred by cattle, sheep and goat which constitute a large number of the
animals reared by herdsmen. Flat and gentle slope is another factor which makes portion of land suitable
for grazing, and based on studies indicate that a slope more than 60% is unsuitable for siting cattle
ranch. Hence high slope is a limiting factor in this suitability selection. Residential area is one of the
factors that is not suitable, because one of the objectives of the study is reduce the pollution cause by
cattle around the residential areas. The areas include the Viniklang (Hayin Gada), Modibbo Adama
University, Yola (including the Federal housing, Sangere and Sabon Gari community), the Girei Local
Government town among others. The area coverage of each of the suitability rank is shown in Table 5.
The raster output of the weighted overlay was calculated using the field calculator function for each of
the suitability class [9, 10]. The classified suitability map shows that the total area under study is 119012
Ha. 24% of this total area which amounts to 28937 Ha is highly suitable for sitting cattle ranch while
67% of the total area which amount to 80364 Ha is moderately suitable. The area covers by less suitable
takes 7% which amount to 7809 Ha while the area that is permanently not suitable for cattle ranching
takes 2% which amount to 1902 Ha of the total area. The result indicates that a large amount of the
study (about 91%) of the total area of land jointly gives account for being suitable (this is about 109301
Ha). Only 9% (9711 Ha) of the total land mass is unsuitable for siting cattle ranch. The result also
indicates that higher chances of succeeding in cattle ranch establishment and development is achievable
since area that shows the high or moderately suitable are much than the areas with less or not suitable.

Table 5. Detail of suitability of the study area

Suitability Rank Area (Ha) Percentage (%)
Not Suitable 1902 1.598158169
Less Suitable 7809 6.561523208
Moderately Suitable 80364 67.52596377
Highly Suitable 28937 24.31435485
Total 119012 100
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5 CONCLUSIONS

The suitability selection of land for different uses such as this project is extracted by weighted
overlay technique based on the Multicriteria Evaluation using GIS, a process that has resulted in
suitability being portrayed in five class namely: highly suitable, moderately suitable, marginally
suitable, currently not suitable and permanently not suitable. The results clearly indicate which areas in
Girei Local Government are suitable and not suitable for sitting cattle ranch. The study has revealed
that GIS provide a better way and advantage to analyze multiple layers of data spatially and
guantitatively. As seen in this project and other project works, GIS-based Multicriteria Evaluation
method provides more realistic and achievable objectives on a non-biased basis for making decisions
on the site selection. In the course of this study, pair-wise comparison matrix was constructed using the
AHP method and priority weights were calculate. The research recommends the land can be in form of
Federal farmland or grazing reserve which can be developed or utilized in its natural or existing state
for livestock grazing. Policies that enable and encourages cattle ranches and grazing reserve by the
government should be enacted to develop and improve livestock production and then the lingering
crises between farmers and pastoralists can be curtailed or eliminated. Besides, the cattle ranch
development to a large extent will bring about positive changes in socio-economic well-being of
farmers in rural areas and for this reason too, this objective should be further pursued.
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