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Abstract In Delta state, series of environmental hazards abound.. These include flood, erosion, sea level rise oil spillage
etc and no attempt has been made to critically investigate the topographical settings which is the key tool for planning for
mitigation. Mapping and visualization of topographic variable is the bedrock for protection, management and meaningful
development of the physical environment. Based on this, sophisticated method that produces accurate result must be
adopted to ensure that the right decision is made during planning. This study demonstrates how geospatial technique
(Remote sensing and GIS) can be used for mapping and analysis of topographical settings of Delta State. Data used includes
3arc seconds (90m) resolution DEM created by SRTM, Landsat image with resolution 30m, 2012 flood remote sensing
satellite imagery captured by moderate resolution imaging spectroradiometer (MODIS) and administrative map of the study
area. These datasets of the study region were entered into various GIS software for manipulation and extraction of terrain
features. Progressively, vital topographic features were digitally extracted and these were used to build a GIS-assisted
topographical database consisting of such Physical features as the stream network, sub-catchment maps of the region,
Contour, 3-D models, DTM, slope, profile line connecting different relief regions, land use/land cover map and Aspect of
the study area. In addition, investigation of the relationship between the landscape and flooded areas was also made. These
digital derivatives are essential for the understanding of the regions topography for further planning and decision making.
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1. Introduction

Technology involving the integration of geographical
information system (GIS) and remote sensing technique is
design in such a way that multi-dimensional data can be
entered, manipulated, checked, analyzed and displayed as
data referenced to the earth. Geospatial techniques have
become an integrated, well developed and reliable approach
in topographic analysis. Accurate topographical maps are the
foundation for planning for any development, flood, erosion
and other environmental hazard control. It is also, a reliable
tool for management and control of resources of any country.
It is needed to enable us familiarize ourselves with the
terrain on which development takes place. The need for
topographic maps, generally, cuts across all aspects of
National affairs (Ufuah 2003). Based on this, sophisticated
method that produces reliable result must be adopted for
topographical modeling to ensure that the right decision is
made during planning. Topographical analysis facilitates
understanding of drainage pattern, river morphology,
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watershed pattern, surface roughness assessment, land use
etc. The aim of topographic modeling and analysis is to
provide detail or in-depth understanding of the arrangement
of the earthly features and landscape patterns (Calogero
Schillaci 2015). In the past environmental analyst relied
heavily on analogue methods for modeling and analysis of
topography and this approach can no longer satisfy the
contemporary planning needs. In Nigeria, 1:50,000 scale
map which has not been revised after its maiden edition in
1946 was adopted in 1962 as the official base map and
launched in the first National Development Plan between
1962-1968 as the national topographical map
(Okpala-Okaka, (1991). Therefore it is apparent that
decisions taken with such information lack spatial fidelity.
As technology advances, so does the ability to predict
and model real world phenomenon. The GIS enables the
pedologists  geologists, geographers and landscape
researchers to investigate the spatial pattern and determine
the correlation between human activity and physical
environment (Capizzi et al 2016). Spatial information pattern
assessment is one of the fundamental characters of GIS for
visualization (Mushonga et al 2017). GIS is the state of art
technology beginning with automated modeling of landscape
captured by cameras, digitizers, and scanners (Ajami
et al 2016). The use of earth observation system (EOS)
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technology and GIS platform is currently gaining popularity
over conventional ground techniques (Gallant, 2011).
Digital Elevation Model (DEM) and satellite imageries are
fundamental pieces of information needed to understand
and manage the environment. Its manipulation in GIS
environment  enables qualitative and quantitative
information’s that facilitates understanding of our
environments to be derived. DEMs have become important
sources of topographical data for many scientific and
engineering applications such as hydrological and geological
studies, infrastructure planning and environmental
management (Yu and Ge, 2010). Where local topographical
data is unavailable, incomplete or out-dated, DEMs from
remotely sensed data can be the main source of information.
Digital Elevation Models (DEMs) provide a convenient and
representative interpretation of the Earth’s surface and are
generally considered to be dataset for a variety of terrain
and spatial analyses (Jonathan T. et al 2017). The Shuttle
Radar Topography Mission (SRTM) used in this study
is a digital topographic database on nearly global scale.
It was co-sponsored by the National Aeronautics and
Space  Administration (NASA) and the National
Geospatial-Intelligence Agency (NGA) (Dowding 2004).
The need for global coverage with a medium scale DEM (1-3
arc second, or 30-100 m post spacing) led to the Shuttle
Radar Topography Mission in the year 2000 and
subsequently the release of ASTER GDEM in 2009. SRTM
is limited to latitudes from N60° to S56° and was collected in
two weeks. It can be considered as an instantaneous snapshot
of earth's topography. The limitations are presence of offsets
where canopy exists (Nwilo 2017). The original SRTM
elevations were calculated relative to the WGS84 ellipsoid
and then the EGM96 geoid separation values were added to
convert to heights relative to the geoid for all the released
products. The elevation models derived from the SRTM data
are used in Geographic Information Systems. They can be
downloaded freely over the Internet, and their file format
is supported by several software developments. Remote
sensing is the dynamic detection and recording of the
earth’s surface using reflected or emitted electromagnetic
energy. It provides an efficient approach to monitor and
detect land cover changes. ‘Remote sensing data are
primary sources extensively used for change detection in
recent decades. This is due to its effective and timely
manner of gathering data. The satellite data used in this
research consist of MODIS imagery and Landsat TM.
MODIS radiometer of the NASA’s terra satellite scans the
earth with 36 spectral bands extending from the visible to the
thermal infrared wave lengths (Running et al 1994). The first
seven bhands are designed basically for remote sensing to
capture features on the earth surface at spatial resolutions of
250 meters for bands 1 and 2 and 500 meters for bands 3 to 7.
The MODIS instrument is operating on both terra and aqua
spacecraft. It views the entire earth surface every one to two
days with a swath width of 2330 km Terra’s orbit around the
earth is timed so that it passes from north to south across the
equator in the morning, while aqua passes south to north over

the equator in the after- noon. However, because of its
numerous advantages, MODIS satellite image has become
a reliable and popular data for disaster assessment and
management. Landsat satellites use the Worldwide
Reference System (WRS) of scenes divided up into paths
and rows. The Worldwide Reference System (WRS) is a
global notation system for Landsat data. It enables a user to
inquire about satellite imagery over any portion of the
world by specifying a nominal scene centre designated by
PATH and ROW numbers. The WRS has proven valuable
for the cataloguing, referencing, and day-to-day use of
imagery transmitted from the Landsat sensors.

1.1. Aim and Objectives

The aim of this study is to demonstrate the potential of
geospatial technique in the extraction and analysis of terrain
features in delta state. The main objectives includes:

i. To produce 2.5-D and 3-D topographical models of
the study area.

ii. To investigate the relationship between the
landscape and river inundation.

iii. To map the gradient of the topography.

iv. To investigate the drainage network pattern in the
study area.

v. To understand the land use/land cover pattern of the
study area.

1.2. Study Area

Delta state is one of the oil producing state in Nigeria
located in the south-south geo-political zone in the region
known as Niger Delta. It has a population of 4098391
comprising of 2074306 males and 2024085 females base on
20016 population census. The State presently cover a land
mass of 17530km? and is bounded in the North by Edo State,
the east by Anambra state, south east by Bayelsa State.
Geographically it is located beween latitude 5° 00’ and
6° 30’ and between longitude 5°00” and 7°00°. Delta State is
generally low lying area without remarkable hills and has a
wide coastal belt interface with rivulets and streams which
forms part of the Niger Delta.

2. Materials and Methods

In contemporary times the integration of remote sensing
and GIS for spatial analysis has tremendously increase the
reliability ascribed to cartographic output. For this reason,
this paper utilized 3arc seconds (90m) resolution DEM
created by SRTM. This was downloaded from USGS
explorer. Other datasets includes Landsat image with
resolution 30m, 2012 flood remote sensing satellite
imageries captured by moderate resolution imaging
spectroradiometer (MODIS) on NASAS terra satellite. These
were downloaded from Global land cover facility, and USGS
site respectively. Administrative map of the study area from
which the administrative boundary was extracted was
obtained from the federal ministry of land and surveys.
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Software used includes ArcG1S10.1, ERDAS Imagine, and
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Figure 1. Location Map of The Study Area
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Figure 2. Methodological flow chart of the study
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2.1. Terrain Analysis

Spatial information pattern assessment is one of the
fundamental characters of GIS. Analysis using DEM
requires the merging of SRTM tiles into a single raster
entity (mosaicing). The SRTM tiles were added into the
ArcGIS10.1 environment for processing. With the help of
data management module within this environment, the DEM
tiles were misaiced. The misaiced raster was subjected to
void filling and subsequently, transformed from geographic
coordinate system to projected coordinate system (i.e. from
GCS-WGS1984 to WGS1984 World Mercator. Using the
boundary shape file, the study area was clipped out to the
actual boundary limit and shape. The clipped DEM was
processed to contour map, Aspect map, slope map, and
sub-catchment map. For the purpose of further investigation,
the clipped raster was converted to XYZ point data and
exported to surferl0 worksheet where a .dat file was created.
The output (.dat file) was blanked and further processed to
Wireframe (fig 3b), digital elevation model (fig 4) and 3-D
model (fig 6) of the study area. Flood layer was extracted
from MODIS image and overlaid on the elevation model.
In addition elevation profile lines drawn along distinct relief
areas were also produced (fig 8). The multiple terrain
analysis was made for better understanding of the terrain.

2.2. Drainage Network Extraction

The elevation raster was used to delineate the drainage
network of the study area while the largest river (River
Niger ) was mapped from the Landsat imagery. The drainage
map is the flow accumulation processed from void filled
DEM (SRTM). A void is a cell that does not have associated
drainage value. The fill sink extension of hydrological
module in ArcGIS 10.1 was used to fill the void areas of the
elevation raster (SRTM). Progressively, a Flow Direction
Grid was created from the void filled DEM. The Flow
Direction function takes a DEM grid and computes the
corresponding flow direction grid. This grid holds values in
its cells that indicate the direction of the steepest descent
from that cell and it is created using flow direction tool.
Progressively, the flow direction grid was further processed
to flow accumulation grid using the flow accumulation
extension. The flow accumulation tool calculates flows into
each cell by identifying upstream cells that flow into each
down slope cell. In other wards each flow accumulation
cell’s value is determined by the number of upstreams cells
flowing into it based on the landscape topography. The Flow
Accumulation Grid was processed to create the drainage
definition Grid. A threshold value that defines streams in the
project area was set. This means that the grid cells that
accumulate runoff from a set minimum number of cells
are considered to be stream cells. The drainage network

generated was digitized and overlaid with river Niger layer
which was extracted from the landsat imagery (fig 11).

2.3. Land Use/Land Cover (LULC) Analysis

Remote sensing is the dynamic detection and
recording of the earth’s surface using reflected or emitted
electromagnetic energy. Landsat satellites use the
Worldwide Reference System (WRS) of scenes divided up
into paths and rows. According to NASA (2004), The
Worldwide Reference System (WRS) is a global notation
system for Landsat data. It enables a user to inquire about
satellite imagery over any portion of the earth by specifying
the PATH and ROW numbers. The WRS has proven
valuable for the cataloguing, referencing, and day-to-day
use of imagery transmitted from the Landsat sensors. The
image tiles covering the study area were added to ERDAS
Imagine window and mosaiced using the Mosaic Tool. The
merged data was pre-processed and later classified using
un-supervise classification algorithm. Ground truthing was
embarked on in other to assign the proper LULC categories
to the various classes. The classified image was exported to
ArcGIS10.1 environment for vectorisation.

3. Results and Discussions

3.1. Results

Figure 3a is the contour map of the study area. Fig 3b is
the wire frame of the study area. Fig 4 is the DEM of the
study area. Fig 5 overlay analysis of flood layer, river layer
on 2.5-D Model of the study area Fig 6 is 3-D Model of the
study area. Fig 7 is the overlay analysis of flood layer (red)
and 3-D model of the study area. Fig 8 is three elevation
profile lines drawn along distinct relief areas. Fig 9 is
Aspect map of the study area. Fig 10 is Slope map of the
study area. Fig 11 is drainage map of the study area. Fig 12 is
sub-catchment map of the study area. Fig 13 is Land use/land
cover map of the study area. Fig 14 is chart revealing area of
land occupied by land use/land cover categories in the study
area.

Table 1. Use Land Cover Analysis In Delta State

AREA OF LAND
LAN‘ZS\S/EE'F;AND OCCUPIED L,ZEEC(;EC’:\IC;FSF(’EI‘ ES EY
IN km? LAND USE TYPES
BUILT UP AREAS 1581.540 9.02
FOREST AREAS 5693.163 32.48
AGR'I_C:I\'I‘SSU RAL 4696.147 26.79
WATER BODIES 1846.714 21.18
WET LANDS 3712.437 10.54
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OVERLAY ANALYSIS OF FLOOD LAYER, RIVER LAYER AND TERRAIN MODELS IN DELTA STATE
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Figure 5. Overlay analysis of flood layer, river layer on 2.5-D Model of the study area

3-D ANALYSIS OF THE STUDY AREA

Figure 6. 3-D Model of the study area

3-D ANALYSIS OF THE DELTA STATE

Figure 7. Overlay analysis of flood layer, river layer on 3-D Model of the study area

69



70 Ahuchaogu Emmanuel U. et al.:  GIS Based Assessment and Analysis
of Land Scape and Terrain Variables in Delta State

- A
- E

- PROFILE 1

. PROFILE2
= D PROFILE 3
From station: 177118 .238mE, 6068464 837mMN
- B _E'_r_C'me 1 TO 243162 930mE, 654994.915mMN
150 /'- [ TTTTTTT ™
s / 2Ny
E 100
=
Lid
50
........ ‘..........l.........'.........r.........‘.........r.':.:..‘...'........'.‘,_.
o 10000 20000 30000 40000 50000 0000 70000 B0O00D0D
Distance
FROM; 233179.430mE 716431.837mM
S TO: 216284 276mE 588182 .262mN
200 - Profile 2
: N N
/ Y
kS . \
2 100+ / N
v} ¥z .
o T T T T T T
20000 40000 60000 8OO0 100000 120000
Distance

1 14 N 196317 .276mE 575894 878mN
23360.932mME 6665 338m Profile 3 i il

20 . - /-\\\
\ /'_. — —\\ /{/ \_\\. . / \\. P i_
\ _,// £ \.\\ _/‘ff \ =]

T == T T T T T T T T T
] 10000 20000 30000 40000 S0000 60000 70000 80000 S0000 100000 110000
Distance

Elevation
o
\\
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4. Discussion of Results

The density of contour lines (fig3a) in the north eastern
part indicates the ruggedness of the landscape while the
density in other parts revealed flatness of the terrain. The
DEM or surface analysis of the study area reveals that the
relief falls within the range of 20 to 290m above mean sea
level. The lowest elevation is found around the Atlantic
ocean. The elevation of the state increases gradually up
towards the Northern eastern part of the state with the
highest elevation at 290m above sea level. Out of 25 local
government areas within the state, only 5 local governments
namely Oshimili north, Aniocha north, Aniocha south, lka
North East and Ika south are located in upland areas. Other
local government including warri which is the economic
nerve of the state is located in low lying areas. Figure3b is
the wire frame showing the direction of flow i.e. from upland
to low lying areas. Overlay analysis of 2012 flood layer with
DEM of the study area (fig 5) revealed that affected areas are
places within the elevation range of 20m to 60m lying close
to river Niger. Profile drawing for visualizing topographic
shape and structure is a prominent method often employ by
Geomorphologists, Geologists and Engineers. This method
is particularly helpful when the desired result is to visualize
the pattern of mountain ranges, comparing the depth of two
or more valleys and showing landscape variation in terms of
ruggedness, height, steepness plane and when chosen the
most economic areas for route construction. Figure 8
reveals profiles drawn along distinct landforms. Profiles
were drawn along (A-B), (C-D), and (E-F). These graphical
models revealed high level of undulations between the
locations. Slope Aspect detects the down slope or downhill
direction of the maximum rate of change in value from each
cell to its neighbors. The slope direction grid can be used
effectively for advance topographical modeling such as
identifying and characterizing areas of high water runoff
and landslide, estimating the portion of land that will
receive high and low solar illumination for agricultural
research purposes. The aspect of a terrain is measured

clockwise (in degrees) from 0 to 360 having north and south
as the reference directions. Fig 10 is the slopes map which
indicates slope magnitude at various locations within the
study area. Slope magnitude and slope direction are
indispensable in erosion and flood modeling also in
drainage design.

4.1. Drainage Network Analysis

The overall stream network (fig 11) revealed a hierarchy
of 1%, 2", 3 order streams with Benin river, Escavos river,
River Forcados, which originate from the Atlantic ocean
and river Niger positioned as 4" order streams in the
hierarchy. Drainage density is the total length of all the
streams and rivers in a drainage basin divided by the total
area of the drainage basin. Abiodun (2018) reported that Soil
permeability and underlying rock type affect the run off in
water shed. Impermeable ground or exposed bedrock will
lead to an increase in surface water runoff and therefore to
more frequent stream. Drainage density is a measure of how
well or poorly water shed is drained by stream channels.
Area of high drainage density represents places of high
rainfall. This study reveals a total number of 114 streams
draining an area of 17530square kilometers of land. The total
sum of the lengths of the rivers measured 2907.33kilometers
giving rises to a drainage density of 0.1659km™. Fig 12 is the
sub catchment map of the study area. It can be used for
agricultural planning, and also for investigation of the source
of stream pollution. A total of 157 basins were identified.
The largest and smallest basin measures approximately 1 and
7997 square kimometers respectively.

4.2. Land Use/Land Cover Analysis

Fig (13) shows five land use/ land cover types within
the study area. Quantitatively, the analysis revealed that
1581.540 square kilometers (9.02%), 5693.163 square
kilometers (32.48%), 4696.147 square kilometers (26.79%),
1846.714 square kilometers (21.18%) and 3712.437square
kilometers (10.54%) are covered by built up areas, forest,
farm lands, water bodies and wet lands respectively.
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5. Conclusions

Mapping and visualization of topographic variable is the
bedrock for protection, management and meaningful
development of the physical environment. Based on this,
sophisticated method that produces accurate result must be
adopted to ensure that the right decision is made during
planning. In this study, we were able to investigate the
landscape pattern and show the direction of surface flow
which is among other things invaluable for flood control.
Aspect map and slope map which is indispensable for
agricultural planning, drainage design, erosion modeling
and control were also produced. Other products of this
study are the drainage network, sub-catchment map and
land use map of the study area. The numerous maps
generated in this study constitute a comprehensive GIS
database for advanced environmental modeling and
assessment.

These digital derivatives are inestimable in understanding,
management of the environment and for informed decision
making. This paper has demonstrated the potential of GIS in
mapping and analysis of topographical setting. It is evident
from this study that the use of space technology to gather
spatial data and computer software to manipulate, model
and visualize such data is far more reliable, less time and
cost consuming compared to the traditional or conventional
survey and mapping methods. It is therefore recommend
that researchers should adopt this approach for
environmental modeling and analysis.
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