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_________________________________________________________________________________________ 

Abstract 

The daily requirements of water by man, animals, fishes, and soil flora and fauna has 

necessitated the implementation of integrated approach in the administration and 

management plan of water bodies. Many watersheds (including Orashi/ Oguta) have been 

under stress due to human activities in the past with little or no management attention leading 

to the alteration of ecosystem thereby causing food insecurity. This study examined the 

impact of land use/ land cover on Orashi/ Oguta watershed in the boundary of Anambra, Imo, 

Rivers, and Bayelsa state Nigeria. The datasets required for the study are Landsat satellite 

image of 1984 and 2002 which was downloaded from its website and DEM derived from 

Google Earth image. The analysis of watershed was performed with ArcGIS 10.1, IDRISI 

TAIGA 16.0, ENVI 5.0, and SURFER 10 to achieve the expected results. The study 

examines the impact of lulc in the watershed by comparing the classification results of 1984 

and 2002 images. The study observed that in 2002 image the water body is 16076 Ha. and in 

1984 is 33529 Ha. and a change of -17453 Ha. with percentage change in 2002 of 5.3% and 

in 1984 of 11.0% this resulted in a net loss of water body by -108.6% which was attributed to 

urbanization going on in the watershed. For the built-up areas in 2002 the area is 59594 Ha. 

and in 1984 is 59247 Ha. and a change over the period of 347 Ha. and the percentage change 

in 2002 and 1984 is 19.6% and 19.5% resulting in a net gain of 0.58% in built-up areas. 

Similarly, the flow direction as model in SURFER 10 reveals that the watershed has three 

main flow direction with major from Ihiala through Oguta downstream of Orashi River in 

north southward direction, and the second flow which is minor in east-westward direction 

from Orashi River to River Niger, and the final flow is south-eastward direction into the 

upland areas of Obagi and other Towns and Villages causing flood havoc to the residence. In 

modelling of watershed using DEM in ArcGIS 10.1 a total of 119 drainage sub-basin was 

obtained and the largest was around Oguta Lake with total areal extent of 101920 Ha., it is 

followed by Ihiala and  one southward sub-basin with areal extent of 42833 Ha. and 32333 

Ha. respectively. The least sub-basin has an area of 25 Ha, 51 Ha., and 76 Ha. at various 

locations in the watershed. Groundwater potential zones was model using watershed tool in 

ArcGIS 10.1 and the watershed varies from 8 as low to 215 pixels as high values grey scale 

colour. The low value pixels which occurs along the Rivers and Lake of the study area shows 

the probability of high groundwater potential zones while areas of high pixel values indicates 

low groundwater potential zones. In summary, watershed modelling can be used to identify 

the location of groundwater potential zone in a watershed. To ensure effective administration 

and management plan of watershed and it resources it is recommended that (a) existing land 

tenure system should be discourage (b) the resources needed for the management of 
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watershed must be pool together by the stakeholders (c) consortium approach between the 

state government, non-governmental organisations, primary stakeholders, and local 

communities should be synergies for effective implementation of watershed management 

plans. 

KEY WORDS: Watershed, Object-oriented classification, Land use/ land cover, Digital 

elevation model, Google Earth, Satellite image, Drainage sub-basin 

___________________________________________________________________________ 

Introduction 

Human activities are mostly carried out on land which is aimed at providing the needed 

supports to earn a living. The alteration and modification of land use by human in an area has 

been a major concern to environmentalist due to its adverse effects on the ecosystem. The 

modification by human activities may have severe environmental consequence on the 

watershed.  Land use refers to the human modification of the earth’s terrestrial surface [1]. 

The occurrences of land use/ land cover within a watershed may vary from one area to 

another. Some researchers classified land use/ land cover in a particular watershed as a 

mixture of forest and open space, residential and recreational land type. Watershed is defined 

as an area of land in which all water flowing into it goes out through a common outlet [2]. 

They are important source of water, energy generation, and biological species [3]. Its 

management of natural resources enhances food production, improved livelihood, protect the 

environment, and improved biodiversity as suggested by researchers. The important of 

watershed to the growth and improvement of agricultural production is an indicator for its 

development in most countries of the word. In India watershed development was first 

implemented by the Government in early 1970s according to researcher. This boast was also 

recorded in Nigeria after the severe flood of 1960 which lead to the establishment of Ministry 

of Water Resources and River Basin Development Authority in 1970s [4]. In enlarging the 

scope of management of water and its resources the Federal Government in 1981 established 

National Committee on Water Resources at the federal and Water Board at the state level. 

The management of watershed has become important because of its relevance to the 

production of food, fishes, and other biodiversity hence the utilization of many software 

packages (open and close source) to analysed its characteristics. These software packages 

include; Multi-Watershed Delineation (MWD), and ESRI ArcGIS [5], WaterNet [6], EPA 

BASIN 4.0, HSPF 12.0, SimActive, SDTS2DEM, CRWR-PrePro [7], AutoCAD Civil 3D 

and the Hydrologic Engineering Center - Watershed Analysis Tool (HEC-WAT), Arc Hydro, 

ASWAT, HEC-RemSim [8]. MWD is a standalone window that derives watershed polygons, 

networks, rivers, watershed attributes across large extent using ArcObjects and TauDEM 

functionalities. The most frequently used watershed analysis software in this part of the world 

is the ESRI’s ArcGIS, and AutoCAD Civil 3D, the choice depend on the cost and user’s 

familiarization with the software. 

The relationship between land use/ land cover and the characteristics of watershed has been 

study by many researchers around the world using different methods and analytical software. 

[3] carried out study on the watershed of Niger Delta Region of Nigeria with a view of 

determining the impact on land use on the watershed and the dataset used for the study is two 

Landsat epochs of 1986 and 2000 and other secondary data. The processing software used is 

ERDAS IMAGINE 8.7 and the study shows significant change in watershed which was 

attributed to socio-economic and environmental variables. [9] examine the impact of land use 

on the Batang Merao watershed north-west Indonesia, the dataset used is water quality data 
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and Landsat image of 2006 and 2011 and processed with ERDAS IMAGE 8.1 and ArcGIS 

10.1, and it was observed that 86.67% of water body is lightly polluted and also land use/ 

cover correlates with some water quality parameters. [10] study the impact of agricultural 

pesticides use in the drainage basins of United State and the dataset used was 1992 and 1990 

Landsat image and the pesticide constituent of the basin, the study observed minor difference 

between basin atrazine derived from watershed, pesticides used, and land cover datasets and 

the largest abrupt change occurs in agricultural land use. [11] carried out morphometric 

analysis to determine the drainage basin and channel network in a bid to identified 

groundwater potential zone of the Vishav drainage basin sourth eastern part of Kashmir India, 

the dataset used is 1971 topographic map of India at 1: 50,000 and the software used is ESRI 

ArcGIS 9.0, the study concluded that total number and length of streams segments is 

maximum in first order streams and decrease as the stream order increases and signified good 

groundwater resources zones. [12] in their study in Turkey’s creek basin to characterize the 

hydrology of the watershed, a total of 180 samples points were collected from a single 

watershed and classified using hierarchical cluster analysis, principal component analysis was 

use to examined the sources of variation between parameters and it was observed that the 

variations in the datasets are related to variations in calcium, magnesium, SO4 and HCO3 that 

are derived from weathering processes, and pH, NO3 and Chlorine indicating anthropogenic 

impact on the watershed. [13] uses GIS technique to model stream network between Yangtze 

River Basin and the Yellow River Basin eastern China, the software used is ARC/ INFO GIS 

to store the network attribute as line and point data and from which the water flow point into 

and out of the basin was determined that aided the tracing of water pollution resources.  

Geographic Information System which is used to collect, store, manage, analyse, and present 

reports of a georeferenced spatial data is gaining recognition in the management of watershed 

and its resources. Researchers have carried out studies in both Oguta and Orashi watershed of 

Nigeria using both GIS approach and analytical technique. Related studies in the area as 

carried out by [14] using Landsat data of 2000 and the data was processed using ILWIS and 

AutoCAD Land Development shows that Oguta lake has a total area of 1,870.4 square 

meters. [15] also wrote on the physical characteristics and geographical features of Oguta 

lake, [16] uses GIS to map the Imo State River Basin, the River and the Lake was classified 

into five River Basin and Oguta lake was discovered to be the largest lake in eastern Nigeria. 

[17] study the impact of crude oil on the physicochemical properties of Orashi River in 

Egbema wetland, it was observed that physicochemical parameters measured highest in the 

lightly polluted wetland and least in the heavily polluted wetland.  Also [18] study water 

quality in Oguta Lake, Utu, Awbana, Orashi, and Njaba River by monitoring it for one year. 

The review above suggests that all the study carried out in the study area are limited to either 

Oguta or Orashi watershed, that is, most researchers limit their studies to one watershed and 

also some researcher did not use GIS approached to characterized the watershed. Also, none 

of the research carried out uses DEM data and satellite image of two epochs to model the 

drainage basin and the change in land use/ land cover within the watershed. Hence the 

following objectives were formulated; (a) to determine land use/ land cover change of Orashi 

and Oguta watershed using satellite imagery of two epochs (b) to model the watershed 

catchment area using DEM data with a view to determine flow direction and drainage sub-

basin. 
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Methodology 

Study Area 

Figure 1. Study area location map. 
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The study area is the watershed of Oguta Lake in Imo State and the Orashi River in Rivers 

State Nigeria. It has a total area of 304530 Hectares and lies within the coordinate 200447mE 

– 279392mE and 542140mN – 665706mN. The study area watershed cut across four states of 

Anambra, Imo, Rivers, and Bayelsa in the south west. The affected Local Government Areas 

in each state are; Ogbaru, Ihiala, Nnewi South, Nnewi North and Ekwusigo in Anambra state, 

Ohaji/ Egbema, Oguta, Oru East, and Oru West in Imo state, Ogba/ Egbema/ Ndoni, Ahoada 

East, Ahoada West, and Abua/ Odual in Rivers State, and Ogbia, Yenegoa, Kolokuma/ 

Opokuma, and Sagbama in Bayelsa State. The watershed is bounded by popular River Niger 

in the west that flow southward. The inhabitant of the people of Imo, Anambra, and Rivers 

state living in the catchments are predominantly farmers while the people in Bayelsa area are 

fishermen because of the abundance watersheds in their domain. Oguta Lake is the largest 

natural lake in South-eastern Nigeria with a maximum and mean depth of 8.0m and 5.5m 

[15], the lake is drain by River Njaba, Utu and Awbuna and River Orashi flow past the Oguta 

Lake in the southwest direction [15], [16], [14]. The lake is of great importance to Oguta 

people and Nigeria for sporting, research, tourism development, recreation centre, fishing, 

transportation, and mining of sand for building and construction purposes [16]. The elevation 

and areal extent of the Oguta Lake is 50m ([16] and 180 ha in dry season and 300 ha in 

raining season [15]. Oguta Lake is within the Benin formation [15], [14] a formation consists 

of sand, clay/ shale, isolated gravels, conglomerate and sandstones. The Orashi and Oguta 

watershed are fresh water and the elevation in the study area varies from maximum of 225m 

to minimum of 5.0m and a mean value of 26m. The annual rainfall varies between 1500mm – 

2200mm, and annual temperature of 20ºc within Oguta in Imo state and Orashi River in 

Rivers State. The region experienced the worst hit flood in 2012 which devastated farm land, 

recreational areas, and rendered thousands of people homeless. The flood water as a result of 

the accumulated particles form industrial activities impacted local water from bore holes 

thereby making it come short of WHO water quality standard [19]. The watershed is an oil 

rich region in Nigeria with many oil wells and flow stations which contribute to the daily 

pollution of the watershed. This research is utilizing GIS technique and remote sensing data 

to analysed change in the watershed of Orashi River in Rivers State and Oguta Lake in Imo 

State Nigeria and also using DEM data to model the drainage basin. 

Dataset and Software 

The characterization of watershed required the following dataset; water resources facilities, 

land, transportation, administrative boundaries, hydrology and hydrography, and aquifer [8]. 

The emergence of satellite remote sensing data has made watershed data available for it 

analysis and these data can be achieved using land use/ cover from satellite image and digital 

elevation models. The study utilized downloaded Landsat data of July 27 1984 path 189 and 

row 56 and 2002 image of the same path and row from its website (http://glovis.usgs.gov/). 

The Landsat images were needed to extract land use/ land cover of the watershed. The digital 

elevation model (DEM) was generated from Google Earth satellite image [20], [21] which 

was needed to model the hydrology of the area. The DEM dataset is in geographic coordinate 

system degree decimals. The software used for the study is ESRI’s ArcGIS 10.1 for final map 

compilation, ENVI 5.0 was used to convert imported files from ArcGIS to GeoTiff, SURFER 

10 for modelling flow direction within the watershed, and IDRISI TAIGA 16.0 for 

performing object-oriented classification and other raster operations.  

Data Procession 

The Landsat imageries was clip to the required study area extent in ArcGIS 10.1 using study 

area shape file and the clipped image was saved in Tiff file format and exported to ENVI 5.0 

http://glovis.usgs.gov/
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for further conversion and export to IDRISI TAIGA. The composite band combination for 

1984 using band 321 and 2002 using band 742 was formed in IDRISI TAIGA and it was 

classified using object-oriented classification [22], [23], [24]. The image classification 

scheme adopted was level 1 as suggested by [25] and the land use/ land cover identified and 

classify in the area includes; water body, riparian vegetation including all agricultural land 

use, light and thick forest, and grassland, while built-up areas including all industrial land 

use, residential land use, bare ground, and recreational land use. 

Object-oriented classification was performed in IDRISI TAIGA 16.0 from the segmentation 

classifiers module. During segmentation process band 321 1984 and band 742 2002 was 

loaded each and the segmentation parameters of weight 0.3333, window width 3, weight 

mean factor 0.5, weight mean average 0.5, and similarity tolerance 10 were set. Similarity 

tolerance 10 was chosen to create homogeneous segments [26]. Segtrain was used to create 

training site for the three LULC by training reasonable class size to produced desired results. 

Finally, Segclass was used to perform the classification of the image. The total pixel in 

hectares per class was extracted from the calculate area command and the results tabulated. 

Table 1. Total pixel per class in lulc calculated in hectares. 

Lulc Type 2002 

Landsat 

Image (Ha.) 

1984 

Landsat 

Image (Ha.) 

Lulc Change 

(Ha.) 

2002 % 

Lulc 

1984 

%lulc 

% 

Gain/ 

Lost 

Water 

body 

16076 33529 -17453 5.3 11.0 -108.6 

Riparian 

Vegetation 

228862 203029 25833 75.2 66.7 11.3 

Built-up 

Area 

59594 59247 347 19.6 19.5 0.58 

Cloud 

cover 

ND 5960 -5960 - 2.0 - 

Total  304532      

 

Watershed Modelling using DEM 

 Digital elevation model (DEM) extracted from Google Earth image was used in two ways; 

firstly to model the flow direction of the watershed using SURFER 10 [27] and secondly to 

model and identified the sub-basin and watershed [28] using ESRI’s ArcGIS 10.1. [29] uses 

scanned topographic map to model Owerri catchment area, also [27] uses scanned stereo pair 

and IDRISI software for the extraction of DEM and watershed modelling. In modelling flow 

direction using SURFER 10 the DEM data was saved in (.dat) data File format and a (.bln) 

blank file was created for the perimeter data. These two files were combined to create (.grd) 

grid file from which the flow direction was model from the 1-grid vector map. 

Modelling drainage basin using ArcGIS software the elevation data was used to create TIN 

model which was converted to raster data model from the enable 3D Analyst tools of 

ArcToolbox. The TIN to Raster output data type chosen was float and method is linear. The 

raster data model was filled from the fill tool in hydrology of the Spatial Analyst Tools. The 

fill operation removed all imperfections in the DEM data before any application in watershed 

delineation. The filled DEM was used to produced flow direction, flow accumulation, snap 

pour point, watershed, and sub-basin. In other to extracts the area of each sub-basin produced 
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the sub-basin raster data was vectorized using the conversion tool from raster to polygon. In 

this study we are not going to display all the produced maps of watershed components but 

only those that are relevant to the study will be display. 

Results and Discussion  

Figure 2. Classification image of 1984 and 2002 showing lulc results. 
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The change in lulc of the study area watershed was extracted from classification image of 

1984 and 2002 as shown in figure 2. In 2002 image the total pixel representing water body is 

16076 Ha. and that of 1984 image is 33528 Ha. with a net change of -17453 Ha. The 

percentage change in 2002 and 1984 images was 5.3% and 11.0% respectively and the net 

loss is -108.6%. This represents a decreased in water body in 2002 over the study area which 

was due to urbanization within the watershed especially the development of settlements and 

the illegal reclamation of existing water body to create more land has impacted on the size of 

the water body from 1984 to 2002. The surface area of water body in Oguta Lake was 374 

Ha. in 1984 image and 204 Ha. in 2002 image as extracted from ENVI 5.0 software, these 

areas were closed to the value recorded by [15] as between 180 Ha. and 300 Ha. in both dry 

and raining season respectively. Also, the total pixel representing riparian vegetation in 2002 

is 228862 Ha. and in 1984 is 203029 Ha. with a change in total pixel of 25833 Ha. and the 

percentage change in both images is 75.2% and 66.7% respectively. This represents an 

increase in the riparian vegetation over the watershed between 1984 and 2002 although this 

was attributed to the present of cloud cover on 1984 image with total pixel of 5960 Ha. and 

other imperfections in the classification image especially the spectral resolution of the image. 

The impact of built up land use was also study between 1984 and 2002 and they are 59247 

Ha. and 59594 Ha. with a net change of 347 Ha. and percentage gain of 0.58% over the years. 

This represents an increase in built up land use due largely to population increase in the 

watershed [3]. 

 

The hydrology of the watershed was model using SURFER 10 software to show the flow 

direction as shown in figure 3 below. The flow direction map represented by arrow shows the 

direction of water flow depending on the direction in which the arrow is pointing and the 

arrow length is proportional to the slope magnitude. The highest magnitude of flow is 

represented by brown arrows within Ihiala downstream to Oguta areas with values 5500 to 

3500 as indicated by the legend, which indicates the highest steep slope in the watershed. The 

magnitude of the slope decreases downstream of Orashi River with a value ranges from 1000 

to 500 as represented by blue arrows in the legend. The flow direction in the watershed is in 

three directions with major flow from Ihiala through Oguta Lake downstream to Orashi River 

in north-southward, the second flow emanates from Orashi River to River Niger on the left in 

east-westward direction, and the last flow was to the upland areas of Obagi, Emezi, Ogbode, 

Omoku, Okwuzu, and other towns and villages to the south-east direction resulting in high 

flood prone zones. 
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Figure 3. Flow direction of the study area obtained from SURFER 10. 
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Figure 4: (a) Drainage basin and (b) Watershed of the study area obtained from ArcGIS 10.1. 

The drainage basin and watershed of the study area as model using ArcGIS 10.1 is shown in 

figure 4a-b above. A total of 119 drainage sub-basin was produced from the default with the 
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largest basin located at Oguta Lake having total area 101920 Ha. with a count value of 4012. 

The second largest drainage sub-basin is located around Ihiala zone with a total area of 42833 

Ha. and count value of 1691, and the third largest basin has a count value of 1268 and area of 

32333 Ha. located around Otegwe, Odieke, Akaramirin, and Odiguwe in Rivers State and 

part of Yenegoa L.G.A. in Bayelsa State. The smallest drainage basin are those with count 

values of 1, 2, 3 4, and 5 and areas 25 Ha, 51 Ha., 76 Ha., 102 Ha, and 122 Ha. in the 

watershed. Groundwater potential zones can be produced by modelling watershed of the area 

as shown in figure 4b. The watershed varies from 8 as low to 215 pixels as high values grey 

scale colour. The low value pixels indicates high groundwater potential zones [11] with a 

count of 978 and above which are located along the water channel of the watershed [28] 

while areas of high pixels with a count of 119 indicates low groundwater potential zones, this 

areas are identified as having highest magnitude of flow in the flow direction model located 

around Ihiala region. The snap pour point model indicates that Oguta Lake has the highest 

flow accumulation with count value of 978 and a total of seven (7) stream order was 

produced in the watershed with maximum length along Orashi River. 

Conclusion 

The management of watershed and its resources is very important in the understanding of the 

environmental consequences associated with water and human impacts on it. This has 

prompted many Government institutions to place strict compliance with the management of 

watershed for the provision of basic need of man through the establishment of boards whose 

functions among other thing includes protection of watershed reservoirs and limit human 

activities from impacting negatively through enactment of laws and regulatory measures to 

that effect. Watershed management also prevent deteriorating existing relationships between 

the use of natural resources within the watershed and attempt to restore those relationships 

that had been destroyed in the past. The management plan determined the capacity of a 

watershed that will provide adequate water for the people and the environment, flood 

protection and good water quality. Today, the various management plans can be enhanced 

through the use of geographic information system database to store and analysed DEM data 

for watershed characterization. This study was carried out using land use/ land cover data 

derived from 1984 and 2002 Landsat satellite image and digital elevation model derived from 

Google Earth image. The Landsat image was process and the three lulc types was extracted. 

Similarly, DEM data was processed to obtained hydrological surfaces by first removing gaps 

in the data. For effective modelling of watershed the following software were used and they 

include; (a) ArcGIS 10.1 for modelling drainage basin, watershed, snap pour point, flow 

accumulation, flow direction, and for compiling raster map from IDRISI TAIGA 16.0 (a) 

IDRISI TAIGA 16.0 was used to extract lulc type through object-oriented classification (c) 

ENVI 5.0 was used to vectorized classification lulc to shape file format that is used to 

obtained area of each polygon (d) SURFER 10 was used to produced flow direction of the 

watershed from DEM data. The study reveals that urbanization has impacted on water body 

in the watershed causing a decrease in water body from 1984 to 2002 by -17453 Ha. also 

built up areas has increase from 59247 Ha. in 1984 to 59594 Ha. in 2002 with a change of 

347 Ha. resulting in the loss of vegetation and water body. The study also shows that the 

largest drainage sub-basin is located around Oguta Lake and that the flow direction is in three 

major directions within the watershed. One of the main functions of DEM data is its use to 

delineate watershed characteristics and proposed management plan that will guarantee less 

impact of human activities in the watershed. Watershed as a reservoir for water and its 

resources provides the functions which include; water supply, recreational activity, fish and 

wildlife conservation, irrigation system, pollution control, hydroelectric power generation, 

navigation purpose, flood mitigation, and many other functions. All these function can be 
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realised through the introduction of geographic information system and watershed software in 

the administration and management plan of watershed. 

For further study it is recommended that recent satellite imagery (2014 or 2015) should be 

used to provide up-to-date analysis of land use/ land cover types and its impact on the Orashi/ 

Oguta watershed.  
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