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ABSTRACT

This study was aimed at soil survey analysis using terrain ruggedness and normalized difference
vegetation index (NDVI) of Wafongo-Yola Terrain, Northeast Nigeria to investigate and characterize
geographic bodies such as vegetation, soils and terrain which plays an important role in evaluating
soils conditions for agricultural production. In agricultural, a regional reconnaissance soil survey is
usually carried out to identify soils that may support agriculture. These surveys are hectic, time
consuming, laborious and cost a fortune. Many of the land users in the Northeast of Nigeria are
middle class to poor farmers who might not invest in such an expensive and time-consuming
venture. The cost of such surveys are high, time consuming and laborious. In tackling these
problems, a cost-effective remedy is recommended through the use of remote sensing data and
analysis. The Terrain Ruggedness Analysis of the top-left and some portions of the top-right
quadrant at a higher level of abstraction appeared homogeneously leveled. However, areas were
the terrain is rough and higher levels might need management practices to control erosion hazards.
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1. INTRODUCTION

Soil and land resources are essential to the life of
farmers and other land users in Sub Saharan
Africa due to their huge importance in the daily
activities of the people. The people in the region
depend heavily on land resources to produce
food and improve their lives and the environment
they live in. In many cases, little or insufficient
effort and measures are put in place to use the
land resources in a renewable way for
sustainability and environmental protection. This
leads to soil fertility losses and land degradation.
Lack of scientific measures and inadequate
measurements is a challenge in the northeastern
parts of Nigeria and where scientists carry out
research study; it may be expensive and
moreover take long period to carry out soil
survey and environmental impact assessment.

Soil physical constraints are particularly
important in  semi-arid regions, where
deterioration of surface soil structure reduces
water infiltration and water storage, exasperating
water shortages for plant growth (resulting in
reduced crop yields) and increased surface
runoff (increasing the rate of soil erosion). Thus,
farmers face the effects of a downward spiral of
low food production and environmental
degradation. To overcome these problems, more
knowledge is required on potential causes of the
degradation and offer strategies that can achieve
more productive, sustainable and poverty-
reducing land management. Soil quality
assessment is an important means of generating
the required knowledge [1].

Remote sensing has the general cost-effective
advantage of providing spatially distributed
measurements on a temporal and/or frequent
basis; it mostly observes the surface of the earth.
Physical features of the landscape such as
alignments are detected in satellite images, and
provide dear information for studies. Spectral
reflectance, aerial photography, visible and near-
infrared satellite observations are widely used in
exploration of the earth [2,3,4,5,6]. To better
understand and interpret these data, links must
be established between the surface observation
and the soils and/or environmental phenomena.
A wide range of biophysical data attributes
(image, texture, slope, topography, vegetative
cover, etc.) are used to classify and characterize
geographic bodies (such as vegetation and soils)
and play an important role in evaluating soils

conditions and processes over broad regions [7].
Soil map classification can be done at several
scales depending on available spatial data. For

instance, community-level assessments and
urban applications rely relatively on high
resolution spatial data, whereas nationwide

evaluations often involve use of coarser spatial
data [8].

In mapping suitable agricultural soils, the
understanding of soil biophysical properties from
remote sensing perspective is important. One of
the biological pointers/measures of soil
biophysical properties is the vegetation index
commonly known as the Normalized Difference
Vegetation Index (NDVI) which reflects the vigor
of soil vegetative cover. The NDVI is one of the
most widely used vegetation indices. Its strength
is the vegetation cover and it is tailored to give
desirable characteristics for various parameters
associated with vegetation, type and ecosystem
environment. Its value range between -1 to 1, no
vegetation to complete healthy green vegetation
cover [9].

The NDVI is a numerical indicator that uses the
visible and near-infrared bands of the
electromagnetic spectrum, and is adopted to
analyze remote sensing measurements and
assess whether the target being observed
contains live green vegetation or not. The NDVI
has found a wide application in vegetative
studies as it has been used to estimate crop
yields, pasture performance, and range-land
carrying capacities among others. Vegetation
properties such as length of growing season,
onset date of greenness, and date of maximum
photosynthetic activity are often derived from
NDVI time series for monitoring changes in
agricultural systems [10,11,12].

Soil physical properties are normally deduced
from terrain characteristics such as slope
ruggedness and aspect. The terrain model offers
a better insight into the soil characteristics. The
terrain model may be understood as a digital
representation of a portion of the earth's surface
thus, generally referred to as Digital Terrain
Model (DTM). In a more general sense, a DTM
may be used as a digital model of any single-
valued surface. However, the term terrain often
implies attributes of a landscape other than
altitude of the land surface alone [13].

In large agricultural projects and in finding soils
suitable for agricultural practices, a regional



reconnaissance soil survey is usually carried out
to identify soils that may support agriculture.
These surveys are hectic, time consuming,
laborious and cost a fortune. Many of the land
users in the Northeast of Nigeria are middle class
to poor farmers who might not invest in such an
expensive and time-consuming venture. More so,
these surveys are wusually based of soil
biophysical properties to determine capability
and suitability of the soils. For instance, to
determine if a soil would support agriculture, the
soil vegetative cover, texture, slope and terrain
are considered before subsequent series of soil
surveys and analysis can follow to determine
what type of agricultural produce they can
support.

The short comings of this are that the cost of
running such surveys are very high, the time
duration is significantly long and laborious. These
negative impacts extend to decision making and
management of soil problems as a natural
resource. In tackling these problems, a cost-
effective remedy is recommended through the
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use of remote sensing data and analysis.
Therefore, this study was aimed at providing soil
map for agriculture using remote sensing
techniques by identification of proper soil
parameters through generating a NDVI of the
study area and create a Terrain Ruggedness
Index (TRI) map of the study area. Ruggedness
implies the variation of slope in a terrain [14].

2. MATERIALS AND METHODS

2.1 Location and Extent

The study area covers the following settlements
Wafango, Girei, Damare and the Modibbo
Adama University of Technology, Yola on route
“A3” from Jimeta to Girei. It is bordered by the
following coordinates, 09° 24’ 14" N 12° 35’ 03"
E, 09° 24’ 14" N 12° 25’ 44" E, 09° 16’ 55" N 12°
25" 44" E, 09° 16’ 55" N 12° 35’ 03" E (Fig. 1).
The sketch of the study area shows a portion of
the Benue River at the bottom left corner and a
section of Mubi road across the map.

L ) T T =
= 5 km b L7 | E T =
. 3 10 km 15 km E
==
g I ﬁ_
-]
=
B3
- 3
E -
=
w
= o~
- Al
o
[~ =
3
£ £
= =
- = Ll
- Girei il
= 1
[ =
3
E
= _|
['r}
o
o
an
[ =
=
E
Card
=
E -
B0 km 55 km
a0
3t 24 i il B

Fig. 1. A sketch of the study area



2.2 Overview of Methodology

The general framework of this study involved the
acquisition of data, primarily satellite imageries
and soil physical and chemical properties of the
aforementioned project site. It also involved the
validation of these data using known profiling
techniques and transforming these data to
models such as the TRI and NDVI maps.
Analysis is performed to determine point or areas
of interest. All technologies and/or platforms
used were low cost — high end.

2.3 Data Sources

The Satellite images were downloaded from the
United State Geological Survey (USGS archives,
2006; http://earthexplorer.usgs.gov/). The data of
interest were developed from Landsat-7
Enhanced Thematic Mapper (ETM+) which has a
spatial resolution observation of 30m for
multispectral measurements, Shuttle Radar
Topography Mission (SRTM) 1” Arc (30m spatial
resolution) and soil textural data required for
ground truthing were acquired from the
Department of Soil Science, School of
Agriculture  and  Agricultural  Technology
(S.A.AA.T.), Modibbo Adama University of
Technology, Yola.

2.4 Materials and Equipment
2.4.1 Hardware

A laptop computing device (Futjisu AH530) with
the following specifications was used for map
preparation and data analysis: Processor (Intel
Pentium Dual Core @2.1GHz x 2), RAM (4GB),
Storage (500GB), Resolution (1020 x 760) and
Operating System; Linux (openSUSE 13.2).

2.4.2 Software

The software used in this study was the
Quantum  Geographic Information  System
(QGIS) for spatial analysis. These tools satisfy
the low cost — high end objective of the study.

2.5 Data Analysis

2.5.1 Developing a NDVI map in the study
area

The NDVI of this study was computed using the
Quantum GIS Raster Calculator from the
Landsat-7 Enhanced Thematic Mapper (ETM+)
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satellite data. The red band and near infrared
band were the bands of interest. The equation
used is that developed by [15].

NDVI = |

TM4——TM3] _ [NI—VR]
TM4+TM3 NI+VR

2.5.2 Terrain ruggedness index map

The terrain ruggedness index was computed
using the [16] formula. The TRl was computed
using the following equation

TRI = Y[Y(xq — X00)*]*/?
Where;

xo0 = Elevation of each neighbor cell to cell (0,0).
Y = Column in model grid to the cell.

The DTM yielded a range of values and was
categorized using methods adopted by Matthew
and Crawford (2008) as follows:

Highly Level = 0 — 2m; Nearly Leveled = 2 — 6m;
Rugged = >6m

3. RESULTS AND DISCUSSION
3.1 NDVI of the Study Area

The Map of the Landsat 7 NDVI Image of the
Study Area is presented in Figure 2. The map
shows River Benue in deep blue at the bottom
left quadrant: The green patches are area with
grassland vegetation and a positive indication for
support for agriculture, generated from
evaluating the spatial configuration of vegetation.
Similar method was used by [17] for evaluating
the spatial configuration of vegetation, types and
its productivity. The NDVI generated using the
LANDSAT 7 ETM+ (LANDSAT 7) satellite image
of the study area was taken in September of
2015, just at the end of the peak of the raining
season and generated values ranging from -
0.404197 to 0.307973. These values are
consistent to finding of Zhou (2013) in Inter-
annual memory effects between soil moisture
and NDVI in the Sahel.

3.2 Terrain Ruggedness Index (TRI)

The Terrain Rugged Index (TRI) of the study area
is presented in Fig. 3. The TRI analysis of the
study area appeared leveled based on Matthew
and Crawford (2008) Categorization. The red to
yellow ridges at the lower right quadrant are the



Bagale Hills. This was generated from values
ranging from 0.249 to 9.48275m. Index values of
0.00 to 2.00 were regarded as leveled in green,
2.00 to 6.00 as nearly leveled in yellow and
values greater than 6.00 are considered to be
rugged in red. The TRI classification (Table1)
was adjusted for the study, given that the
resolution of the slope used for the study was
30m. The new TRI for this type of application
was broken into 3 categories in respect to slope
categorization. The adjustment is an adaptation
of [18] classification from the thesis on an
Analysis of Terrain Roughness: Generating a GIS
application for Prescribed Burning.

Table 1. Terrain ruggedness index
classification in relation to slope class

Serial  %Slope Index value Classification
1 <2 0.00—-2.00 Leveled
2 2-6 2.00-6.00 Nearly Leveled
3 >6 6.00 above Rugged

Source: Field Survey, 2016

Table 1 shows the Terrain Ruggedness Index
classification in relation to slope classes of the
study area. The index value 0.00- 2.00 and 2.00-
6.00 at <2 and 2-6% slope indicated the soils
were leveled (dark green) to nearly leveled
(green) respectively. This suggests that the soils
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of these areas could support agricultural
cultivation of crops and increase production of
people of the study area. While >6% slope
recorded an index value of 6.00 and above and
was rugged which implies that the area might be
weakly structured and might pose difficulties for
agricultural cultivation and might increase
erosion hazards. Similar finding was reported by
[19] that the soils at the upper landscape position
were weak structured due to rapid erosion at the
upper slope.

The terrain to the top right quadrant of Fig. 3
through to the top left quadrant and down the
bottom left quadrant at a higher level of
abstraction appear homogeneously leveled. In
the bottom left quadrant of Fig. 3, a portion of the
River Benue appears to be bordered by nearly
leveled indices (i.e. yellow borders). These parts
of the terrain (in field) have steep sloped to
rugged surfaces. Given the limitation in
resolution, the bordering of the River Benue
might be the averaging effect of leveled to
rugged surfaces per pixel. Since the terrain at

the river borders are somewhat heterogeneous if
considered at a resolution much higher than 30m
and undulating from flat to rugged in a short
distance of 30m.
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Fig. 2. Landsat 7 NDVI Image of the Study Area [September, 2015]
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Fig. 3. Terrain Ruggedness Index Analysis of the Study Area

The bottom right quadrant of Fig. 3 revealed TRI
values of greater than 6.00 and are in red:
Immediate lower values are in yellow, indicating
a nearly leveled terrain. The terrain is rocky in
nature and is the Bagale Hills which appear to
fence a much level to nearly leveled surface at its
center. The leveled regions of the terrain are at
the upper parts of top right quadrant, top left
quadrant and the bottom left quadrant of Fig. 3. A
detailed review of the terrain reveals that the
terrain does not appear to be completely leveled;
even though a huge portion is. In the top left
quadrant for instance, at the extreme top, are
spots that are nearly leveled and a concentration
of such spot abound in the bottom left quadrant.

The rate of change of slope for the study area
was fairly low; that is the terrain appeared
homogeneous. A large portion of the terrain was
within the leveled or nearly leveled category
which implies that the changes in slope of the
terrain are gentle (at a 30m resolution). Since the
topography of an area can affect the
microclimate, factors of soil formation and
geological processes, which seemingly affect soil
processes [20] either at the physical, chemical or
biological level. The leveled or fairly leveled
nature of the terrain implies that at a higher level
of abstraction, homogeneity can exist among
soils of the study area.

4. SUMMARY AND CONCLUSION

This study was aimed at soil survey analysis
using terrain ruggedness and normalized
difference vegetation index of the study area.
The outcome of the study showed that it is
possible to identify and map out rugged terrain
for possible agricultural soils from biophysical
properties using remote sensing techniques. The
interest in the study was to identify possible
terrains for agricultural purpose. Giving the
dynamic nature of the terrain, soil fertility and
productivity outcome identification can only be an
approximation. The Terrain Rugged Index
Analysis showed the top right quadrant through
to the top left quadrant and down the bottom left
quadrant at a higher level of abstraction
appeared homogeneously leveled. This confirms
the earlier suggestion that the area could support
agricultural production having a regular terrain
and vegetative cover. However, areas were the
terrain is rough and higher levels might need
management practices to control erosion
hazards.

5. RECOMMENDATIONS

The following recommendations will improve the
survey and agricultural potentials of the study
area:



The study focused on targeting and

prioritizing terrain that is suitable for
agricultural practices based on their
biophysical properties. However, it is
possible that such terrain  after

investigation may need further revision or
potential management intervention in the
study area. Therefore, more study on the
use of remote sensing techniques in
understanding soil physical and chemical
properties in relation to plants will
collaborate and improve on the data of this
study.

Terrain Ruggedness Index values of 0.00
to 2.00 were regarded as leveled, 2.00 to
6.00 as nearly leveled which could support
agricultural cultivation and values >6.00
are considered to be rugged and might
need erosion control measures in the study
area.

The study area at the bottom left quadrant
is a portion of the River Benue which
bordered nearly leveled indices can
improve irrigation cultivation and not just
rain fed cultivation as is the most practiced.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Christian T, Keith S, Markus, Richard C,
George O. Application of GIS and remote
sensing in characterization of soil hydraulic
properties for soil physical quality
assessment. University of Nairobi, Kenya.
Kenya Agriculture Research Institute;
2004.
Available:http://citeseerx.ist.psu.edu/viewd
oc/download?doi=10.1.1.124.7128&rep=re
p1&type=pdf

Waters P, Greenbaum P, Smart L,
Osmaston H. Applications of remote
sensing to groundwater hydrology. Remote
Sens. Rev. 1990;4:223—-264.

Engman ET, Gurney RJ. Remote Sensing
in Hydrology. Chapman and Hall; London,
UK. 1991;225.

Meijerink AMJ. Groundwater in remote
sensing in  hydrology and water
management; Schultz, GA, Engman, ET,
Eds.; Springer: Berlin, Germany.
2000;305-325.

Myina et al.; IJPSS, 25(4): 1-8, 2018; Article no.lJPSS.38026

10.

1.

12.

13.

14.

15.

16.

Jackson TJ. Remote sensing of soil
moisture: Implications for groundwater
recharge. Hydrogeology. 2002;10:40-51.
Witheetrirong Y, Tripathi NK, Tipdecho T,
Parkpian P. Estimation of the effect of soil
texture on nitrate-nitrogen content in
groundwater using optical remote sensing.
Int. J. Environ. Res. Public Health.
2011;8(8):3416-3436.
DOI:10.3390/ijerph8083416

Jones KB. CHAPTER 13: Importance of

Land Cover and Biophysical Data in
Landscape-Based Environmental
Assessments. U.S. Geological Survey,

Biology Discipline, Reston, Virginia USA,
2008.

Walker J, Veitch S, Dowling TD, Braaten
R, Guppy L, Herron N. Assessment of
catchment condition: The intensive land
use zone in Australia. CSIRO, Canberra;
2002.
Available:http://www.affa.gov.au/catcon/.
Gibson PJ, Power CH. Introductory remote
sensing: Digital image processing and
application. Routledge, London, England.
2000;190-210.

Du Y, Teillet PM, Cihlar T. Radiometric
normalization of multitemporal  high-
resolution satellite images with quality
control for land cover change detection.
Remote Sensing of Environment. 2002;82:
123-134.
DOI:10.1016/0169-5347(88)90166-8.

Li Z, Zhu Q, Gold C. Digital terrain
modeling. Boca Raton, FL, USA: CRC
Press. 2005;323.

Liu WT, Kogan F. Monitoring Brazilian
soybean production using NOAA/AVHRR-
based vegetation condition indices. Int J of
Remote Sensing. 2002;23(6):1161-1179.
Burrough PA, McDonnel RA. Principles of
geographical information systems. Oxford
University Press; 1998.

Mukherjee S, Mukherjee S, Garg RD,
Bhardwaj A, Raju PLN. Evaluation of
topographic index in relation to terrain
roughness and DEM grid spacing. J. Earth
System Sci; 2012.

Rouse JW, Haas RH, Schell JA, Deering
DW. Monitoring vegetation systems in the
Great Plains with ERTS, Third ERTS
Symposium, NASA SP-351. 1973;309-317.
Riley SJ, DeGloria SD, Elliot R. A Terrain
ruggedness index that quantifies
topographic heterogeity. Int. J. Sci.
1999;5(1-4):23-27.




17.

18.

19.

Gamon JA, Filella I, Penuelas J. The
dynamic 531nm reflectance signal: A
survey of twenty angiosperm species. In
photosynthetic Responses to the
Environment edited by H.Y. Yamamoto,
C.M. Smith (Rockville: American Society of
Plant Physiologists). 1993;172-177.
Matthew A, Crawford BS. An analysis of
terrain roughness: Generating a GIS
application for Prescibed Burning Texas
Tech University; 2008.

Malgwi WB, Abu ST. Variations in some
physical properties of soils formed on a

Myina et al.; IJPSS, 25(4): 1-8, 2018; Article no.lJPSS.38026

20.

hilly Terrain under different land use types
in Nigerian Savanna. Department of soil
science, Faculty of Agriculture/Institute for
Agricultural Research. PMB 1044, Ahmadu
Bello University, Zariya, Kaduna State,
Nigeria. International Journal of Soil
Science; 2011. ISSN 1816-4978.

Birkeland PW. Soils and geomorphology.
New York, Oxford University Press.
1984;372.

© 2018 Myina et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/27502




