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Temporal Analysis of Climate Variability and
Vegetation Change from 2000 to 2017 in Bonny
LGA, Rivers State, Nigeria

D. DAPPA, B. C. NDUKWU AND A. A. OBAFEMI

Abstract — The study examined the temporal analysis of climate dynamics and vegetation change Bonny LGA in Rivers State, Nigeria. MODIS imagery
to assess the vegetation health through NDVI and point grid pattern of meteorological data for total precipitation (TP), air temperature (AT), and soil tem-
perature (ST) of 2000, 2003, 2006, 2009, 2015 and 2017 were used for the study. Descriptive and inferential statistics were used for data analysis. Find-
ings showed that vegetation health was highest in 2006 (0.4262+0.17) and least in 2017 (0.2544+0.24). Also, vegetation health decreased with increas-
ing time. Similarly, AT was highest in 2017 (26.2145+4.60 °C) and lowest in 2000 (25.9685+5.13 °C) while ST was highest in 2000 (30.0045+1.20 °C)
and the least was observed in 2017 (26.8976+0.12 °C). TP was highest in 2000 (2144.486+24.53 mm) and the lowest was recorded in 2003
(1882.503+21.49 mm). The AT, TP, and ST were higher in the southern part of Bonny LGA. NDVI correlated significantly with AT (r=0.2085; p<0.05); ST
(r= 0.2867; p<0.05) and TP (r=0.2952; p<0.05). The study concluded that climate parameters have influence on vegetation stability and richness. It is

recommended among others that monitoring factors that affect vegetation health in a changing climate environment is highly essential .

Index Terms— Bonny LGA, Climate change, Meteorology, NDVI, Pearson Correlation, Nigeria, Vegetation Health

1 INTRODUCTION

hroughout the 21st century, there has been an increased

variation in regards to the climate in Nigeria viz., rainfall,

temperature, storms, and sea levels. Climate variability
refers to a phenomenon that can be connected to human ac-
tivities which impact the climate system and cause variations
that ultimately lead to global warming. Inadequate adaptive
countermeasures to combat these shifts may be the chief cause
of uncontrollable ravishment in some areas of the country [1].
The role of vegetation in the functioning and servicing of eco-
logical systems is intricate and paramount. Notwithstanding,
there has been a consistent downturn in global vegetal cover
as a result of human activities [2]. An escalation in activities
such as combustion of fossil fuels, wood, and solid waste, as
well as the rearing of livestock and decomposition of organic
waste in solid waste landfill has resulted to emission of GHGs
and in turn Global warming [3].

Vegetation plays several critical roles in the biosphere.
These include its role in climate change mitigation, regulariz-
ing extreme temperatures and its effect on soil erosion and
flood [4,5]. A number of resources such as food, fiber, timber,
wood-based fuel, and firewood are obtained from vegetation
[6,7]. Fashae et al [8] reported that land use is the major cause
of vegetation change. Growth and vigor of the vegetation cov-
er are controlled by factors such as climate, soil, and topogra-
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phy. However, other factors viz., soil type and nature of soil
also contribute greatly to the state or health of vegetation.
Notwithstanding, climatic factors prove to exert more influ-

ence than other factors.

Plant activities are facilitated by moisture, and this needed
moisture is made available by climatic factors (rainfall and
surface temperature) [9]. There is the need to continuously
monitor vegetation changes over time for proper management
of ecosystems, biodiversity, and adaptation to climatic chang-
es. Changes in vegetation dynamics are monitored by field
surveys and remote sensing technology. Although field sur-
veys provide accurate information and changes in vegetation,
they are time-consuming and limited in extent. The remote
sensing technology was developed to monitor changes in land
use, land cover which is occurring in large areas especially in
remote and inaccessible regions characteristics of the tropical
environment

Remote sensing technology is now widely used because
they provide high spatial and temporal resolution and are in-
expensive [10]. Vegetation productivity can be obtained by
using remote sensing due to its low cost and non-destructive
nature and rapidity when compared to ground field survey
methods [11]. Vegetation is evaluated using vegetation indices
based on the spectral characteristics of the vegetation in the
near-infrared and red spectral characteristics or at the red
edge. Vegetation indices have proven to be useful in obtaining
information about vegetation. The spatial and temporal varia-
tions in vegetation structure are monitored and analyzed by
using vegetation indices. Yengoh et al [12] identified normal-
ized difference vegetation index (NDVI) as the most suitable
index for land productivity assessments.

NDVI maps the presence of vegetation on a pixel and also
provides the condition of the vegetation within the pixel and
thus, its use is widespread for being efficient in the removal of
disturbance of topographic effects and atmospheric elements
[5]. NDVI gives an indication of the varying density of vegeta-
tion, is suitable for large vegetated areas where analysis is car-
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ried out without recourse to ground truth data and can be
used to detect the change in canopy cover or vegetation bio-
mass [5,11, 12,]. NDVI is used in detecting the health and vig-
our in vegetation as well as for estimates of green biomass
[13].

It is evident, from researches, that vegetation plays a pivot-
al role in global changes considering their involvement in wa-
ter and carbon energy cycle on land [14]. How the change in
vegetal cover influence climate system is seen in the surface
albedo, aerodynamic resistance and regional evapotranspira-
tion [15]. Hence, current global change research on environ-
mental changes take significant interest in vegetal cover
change researches [16]. Healthy vegetation is usually denoted
by very high vegetation index while a low vegetation index
denotes deteriorating, diseased, damaged leaves, water-
stressed vegetation and non-vegetation cover [17]. The NDVI
values have been used in agriculture to estimate crop yield,
point out stress in plants and to mark distinctive patterns of
growth across landscapes [18,19]. Application of NDVI for
vegetation health and other phonological attributes of plants
have been demonstrated. Seelan et al. [20], Shanahan et al. [21]
and Shanahan et al. [22] showed that the NDVI is a suitable
index to evaluate the nitrogen status, the chlorophyll content,
the green leaf biomass, as well as the grain yield of a plant.
Furthermore, many studies have shown that the fraction of
absorbed radiation for photosynthesis, leaf area index, area of
vegetal cover, as well as green biomass, are linked to NDVI
[23,24]. Thus, NDVI is predicted to be an essential tool to sup-
port the management of a field.

Monitoring the health of vegetation is paramount in com-
prehending the impact climate and environmental factors
have on vegetation as well as its productivity. Pal and Mandal
[25] observed a decline in vegetation health as a result of dust
generated from stone mining and crushing in Dwarka river
basin of Jharkhand and West Bengal in India. Although, there
have been several studies on vegetation change in Nigeria
[8,26]; the negative implication of mining on the vegetal cover
in South Nigeria [11,26,27]. There is a dearth of works of litera-
ture on how variation in climatic conditions affects viability of
flora, most especially in Nigeria. This study, therefore, seeks to
assess the influence of climate parameters on the vegetation
health of Bonny LGA from 2000 to 2017.

Materials and Methods
The study area was Bonny LGA, Rivers State, Nigeria. Bonny
Island is an island found in the Rivers State of Nigeria. It is
domiciled 25km from the state’s capital city, Port Harcourt. It
is located on latitudes between 60 45’ 00”’N and 60 47" 15’N;
and longitudes 40 41’ 32”E and 40 43’ 30"E (Figure 1). It has an
elevation of 6.19m. Bonny LGA is surrounded west, north, east
and south by Degema LGA, Okrika and Ogu Bolo LGA, An-
doni LGA and the Atlantic Ocean respectively. Bonny LGA is
situated in the sub-equatorial region. It has an average yearly
temperature of 28°C with 25°C and 31°C as the least hot and
hottest in a month. The annual range of temperature is 3.80C.
It enjoys monsoon climate with high rainfall of about 2500 mm
annually and relative humidity of about 85%. The moist
southeast air blows over the region between February and
November resulting to rains, while the northeast trade wind
blows over the region in the months of November through

February which ushers in the dry season [28]. The study area
is endowed with high forest and mangrove. Rainforest tree
species include Mahogany, Militia excelsa, and Triplochiton
scleroxylon. The mangrove swamp forests included Rhizopho-
ra sp. and Nypa fruticans. The topography of the area is flat
terrain with very gentle slopes with an elevation less than 15m
above mean sea level. The soil of Bonny LGA is predominantly
sandy and also endowed with sandy beach-ridges which cause
alternating lower and higher lands. The ecological zone of
Bonny area is saltwater swamp and the major occupation in
Andoni LGA was fishing and farming.

Acquisition of Data

Secondary data were for the most part utilized for the study
which involved the satellite symbolism of Moderate Resolu-
tion Imaging Spectroradiometer (MODIS) Terra and Aqua
Normalized Difference Vegetation Index (NDVI) of 16 Day L3
Global 250m goals
https://earthexplorer.usgs.gov. This is used to measure vegeta-
tion health. The study considered the NDVI imageries of 2000,
2003, 2006, 2009, 2012, 2015 and 2017. Similarly, the point grid
pattern of meteorological data was obtained for total precipita-
tion, air temperature, soil moisture and soil temperature at an
interval of three years from 2000 to 2015 (i.e. 2000, 2003, 2006,
2009, 2015 and 2017). 1-km GSD of point pattern the climate
data were primarily produced by NOAA and IPCC and were
obtained from Community Climate System Model which is
available from https://gisclimatechange.ucar.edu/gis-data. The
data were used because previous studies revealed the vitality
and capability of CLM4.0 simulation in capturing features of
variations of the climate parameters in space and time. [4].
This model reproduces vitality, dampness, and energy fluxes
among land and environment, the hydrologic cycle at the land
surface, and soil temperature [29,30,31]. Climate models from
the CCSM4 are created on a Gaussian grid, where every grid
point can be distinctively gotten by unidimensional latitude
and longitude assortments (in other words they are orthogo-
nal coordinates). The spacing for both longitudes and latitudes
in the CCSM4 model output were 1.25° and 0.9424083769630
respectively. Hence, a rough estimate of the spatial resolution
of global climate predictions is 105 km. as a result of the
crooked grid in the CCSM model, this portal distributes data
in a point shapefile set-up, where each point represents a cen-
troid of a corresponding CCSM grid cell. A shapefile of irregu-
lar rectangular polygons of the original model output is also
available.
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Figure 1: Bonny LGA showing communities
Source: Rivers State State Ministry of Land, Housing, Survey and Urban Development, 2018

Image Geo-processing for Vegetation Change

A number of indices as regard vegetal cover have been ob-
tained based on the integration of red and near-infrared values
of remotely sensed data numerically. Mapping vegetal cover
and the health of flora make use of near-infrared (NIR) and
red bands (TM4/TM3) ratio. High ratio connotes a healthy
vegetation, low ratio represents unhealthy or yellow vegeta-
tion or non-vegetated landscape. It is a generally utilized ap-
proach for vegetation analysis. In NDVI relating cell values in
the two bands are first subtracted, and then the result “nor-
malized” by dividing the sum of two brightness values. NDVI
is calculated using;:

NDVI = (Near-infrared — Red)/(Near-infrared + Red)
....................... (Equ. 1)

Thus, NDVI characterizes canopy growth or vigor and its use
for vegetation index is common for this purpose as wells as its
ability to show the amount of green cover and vegetal biomass
[32]. It is a non-linear function that changes between -1 and +1
and is not defined when both Pred and Pnir are zero [33]. Pred
and Pnir represent reflectance in red and near-infrared bands
of the satellite imageries respectively [34].

The boundary shapefile of the study area was used to clip the

NDVI images of different years and zonal statistics were used
to extract data from the images both as tables and graduated
maps. The zonal statistics showed the minimum, maximum,
mean and standard deviation. The mean values of NDVI were
made use of for further analysis. The original mean NDVI val-
ues were multiplied by 0.0001 as a multiplication factor to
scale the original NDVI value to range from -1 to +1 (Land
Processes Distributed Active Archive Center (LP DAACQ),
2014).

Extraction of Precipitation, Air Temperature, Soil Tempera-
ture and Soil moisture

The point data of each of the climate parameters were clipped
to the shapefile of the boundary of Nigeria and interpolation
was done using Inverse Distance Weight (IDW) to generate
values of air temperature, soil temperature and precipitation
data for the unsampled places. The shapefile of the study area
(Bonny LGA) was used to delineate the raster format of each
of the climate data. Zonal statistics were used to extract the
mean values of total precipitation, air temperature and soil
temperature which was used for further statistical analysis.

To generate the relationships among vegetation health, air
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temperature, soil temperature, and total precipitation, 18 point
data were generated randomly throughout the entire study
area. The coordinates of the point shapefiles were computed
and these were overlaid on the imageries of vegetation health,
air temperature, soil temperature, and total rainfall. The value
of each point data in relation to vegetation health, air tempera-
ture, soil temperature, and precipitation was generated
through the Extract values to point module from Extraction
Tool. These values were used to compute the correlation oc-
curring among the climate and vegetation parameters in the
study area.

The study made use of descriptive statistics and inferential
statistics for data analysis. Significant variations in the vegeta-
tion health, air temperature, precipitation and soil tempera-
ture in Bonny LGA from 2000 to 2017 was tested using analy-
sis of variance while the relationship among the vegetation
health, air temperature, precipitation, and soil temperature, in
Bonny LGA, was tested using Pearson’s’ correlation statistics.
Pearson’s correlation measures how related the different vari-
ables are. Results were depicted in tables and graphs.

3 Results and Discussions

The analysis in Table 1 presents the NDVI, air temperature,
total precipitation and soil temperature of Bonny LGA from
2000 to 2017. Also, Figures 2 and 3; 4 and 5; 6 and 7; 8 and 9
display the maps showing the NDVI, air temperature, total
precipitation, and soil temperature respectively in Bonny LGA
in 2000 and 2017. The vegetation health was highest in 2006
(0.4262+0.17) and least in 2017 (0.2544+0.24). The NDVI has no
regular pattern from 2000 until 2015 when it started reducing
in value. This shows that vegetation health in a more recent
time has reduced. This is also displayed in the trend analysis
shown in Figure 10. The air temperature was highest in 2017
(26.2145+4.60 oC) and the lowest was recorded in 2000
(25.9685+5.13 oC). The analysis of air temperature increased
with increasing time in Bonny LGA as it is shown in Table 1
and Figure 11. The air temperature in terms of space was
higher in the southern part of Bonny LGA (Figure 4 and Fig-
ure 5). This can be attributed to the reduction of vegetation as
a result of residential and general human activities that are
always happening in that part.

Furthermore, the analysis total precipitation of Bonny LGA
from 2000 to 2017 shows that their total precipitation had no
pattern but the highest was recorded in 2000 (2144.486+24.53
mm) and the lowest was recorded in 2003 (1882.503+21.49
mm). Spatially, more total precipitation was recorded in the
southern part of Bonny LGA (Figure 6 and Figure 7). This may
be attributed to the concept of Southwest laden wind arising
from the Atlantic Ocean and dropping much of its moisture as
it goes northward. Thus, proximity to the Atlantic Ocean
might have affected the total precipitation of Bonny LGA. The
trend analysis of total precipitation shows its relative increase
from 2000 to 2017 (Figure 12).

However, the soil in 2000

temperature was highest

945

(30.0045t1.20 oC) and the least was observed in 2017
(26.8976+0.12 oC). There was no regular pattern of soil tem-
perature temporally but it was observed that soil temperature
after dropping in 2003, it continued to increase from 2006 till
2015. Just like air temperature, generally, the soil temperature
was higher in the southern part of Bonny LGA than the north-
ern part (Figure 9 and Figure 10). The trend analysis shows a
decreasing pattern of soil temperature from 2000 to 2017 (Fig-
ure 13).

Table 1. NDVI , Air Temperature, Precipitation and Soil
Temperature Analysis from 2000 to 2017

Year | NDVI Air Temper- | Total Precipi- | Soil  Tem-
ature (0C) tation (mm) perature
(J)
Mean+SD | Mean+SD Mean*SD Mean+SD
2000 | 0.3871+0.24 | 25.9685+5.13 | 2144.486+24.53 | 30.0045+1.20
2003 | 0.3680+0.18 | 26.0152+5.44 | 1882.503+21.49 | 29.9827+1.22
2006 | 0.4262+0.17 | 26.1516+4.72 | 2005.411+29.49 | 29.9889+1.11
2009 | 0.3638+0.20 | 26.1069+5.51 | 2089.361+17.47 | 29.9891+1.23
2012 | 0.3721+0.21 | 26.1377+5.29 | 2101.290+24.45 | 29.9947+1.21
2015 | 0.3182+0.17 | 26.1528+5.46 | 2040.107+25.47 | 29.9960+1.23
2017 | 0.2544+0.24 | 26.2145+4.60 | 2056.534+25.65 | 26.8976+0.12
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Figure 9. Soil Temperature of Bonny LGA in 2017
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The relationship among the vegetation health, air temperature, precipitation, soil temperature and soil moisture in Rivers

State

It is shown in Table 2 that NDVI had a remarkable and negative relationship with air temperature (r=0.2085; p<0.05) and a posi-
tively relationship with total precipitation (r=0.2952; p<0.05) and soil temperature (r= 0.2867; p<0.05). A further statistical inquiry
affirmed a significant cum negative interrelationship with total precipitation (r=-0.3115; p<0.05) and soil temperature (r = -0.9274,
p<0.05). with regards to soil temperature, it bore a remarkable relationship with total precipitation (r= 0.6338; p<0.05).

Table 2. Correlation Analysis among NDVI and Climate Parameters

NDVI Air Temperature Total Precipitation Soil Temperature
NDVI 1
Air Temperature -0.2085* 1
Total Precipitation 0.295241* -0.31159* 1
Soil Temperature 0.286739* -0.92742* 0.633802* 1

*Correlation is significant at the 0.05 level (2-tailed).

Discussion of Findings

The total precipitation did not follow any regular pattern
and this is similar to the study of Ayanlade [35] that be-
lieved that there were rainfall anomalies in recent times,
though the rainfall is more reliable especially in the rain-
forest zone of Nigeria in which part of Bonny LGA is inclu-
sive. However, after the increase of vegetation health in
2006, the vegetation index continued to decline till 2017.
This could be linked to some developments that might
have taken place within this period which might have at-
tracted some people to come and dwell in these areas. Ade
and Afolabi [10] reported that nations’ sustainable devel-
opment is influenced by dynamics in its population, and
pressure would be mounted on the environment when
there is an upturn in population. Ade and Afolabi [10] fur-
ther asserted that increasing population spontaneously
leads to consistent alterations of humans and land-use
practices thereby resulting to changes in structures [10]. In
order to corroborate this, it was reported by the study of
Fashae et al [8] that increased rate of land uptake for devel-
opmental purpose in the country, as well as other human
factors and practices exacerbate the issue of loss of vegetal
cover. The reduction of vegetation health in the entire Bon-
ny LGA in recent years has a number of environmental im-
plications viz., soil erosion, loss of soil nutrient, damage to
biodiversity and environmental degradations. This also
corroborates the results observed in air temperature and
soil temperature which were higher in the southern part of
Bonny LGA. More so, the increase in the air temperature
and soil temperature in the southern part can still be linked
to various oil exploration technologies being practiced in
the study area. Fabiyi [28] noted that the evidence of the
negative impact human practices have on the environment
is seen as loss of biodiversity, deforestation, desertification,
environmental degradation, reduced vegetal qualities and
loss of soil nutrient.

Conclusion and Recommendations

The study shows that the status of vegetation health in
Bonny LGA has been influenced by climate dynamics.
However, air temperature, precipitation, and soil tempera-
ture have also influenced the behaviour of vegetation

health. The study recommends that the vegetation richness
should be improved to retain its ecosystem services of both
rainforest and mangrove ecosystems. Also, studies on the
influence of other climate parameters like relative humidity
and solar radiation on vegetation greening should be car-
ried out; and extended to other LGAs in Rivers State and
entire Niger Delta region.

References

1. Sayne, A. Climate Change Adaptation and Conflict
in Nigeria. United States Institute of Peace SPECIAL
REPORT. Washington, DC. 2011

2. Pimm, S. L., Jenkins, C. N., Abell, R., Brooks, T. M.,
Gittleman, J. L. Joppa, L. N. Raven, P. H, Roberts, C.
M & Sexton, J. O. The biodiversity of species and
their rates of extinction, distribution, and protection.
Science Mag, 2014, 344(6187)

3. Idowu, A.A,, Ayoola, S. O, Opele A. I and Ikenwei-
we, N.B. Impact of Climate Change in Nigeria. [rani-
ca J. Energy & Environ., 2 (2): 145-152, 2011

4. Liu, W. Cai, T., Ju, C., Fu, G., Yao, Y. and Cui, X.
(2011). Assessing vegetation dynamics and their re-
lationships with climatic variability in Heilongjiang
province, northeast China, Environmental Earth
Sciences, 64(8):2013-2024, 2011

5. Sandholt, 1., Rasmussen, K. and Andersen, J. (2002).
“A simple interpretation of the surface tempera-
ture/vegetation index space for assessment of sur-
face moisture status,” Remote Sensing of Environment,
vol. 79, no. 2-3, pp. 213-224.

6. Oksanen, T. and C. Mersmann. 2003. Forests in Pov-
erty Reduction Strategies: An Assessment of PRSP
Processes in Sub-Saharan Africa. In Forests in Poverty
Reduction Strategies: Capturing the Potential. EFI Pro-
ceedings No. 47, ed. T. Oksanen, P. Bajari, and T.
Tuomasjukka. Joensuu, Finland: European Forest
Institute.

IJSER © 2019

http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 10, Issue 10, October-2019

ISSN 2229-5518

7.

10.

11.

12.

13.

14.

15.

Mulenga, B.P., R.B. Richardson, G. Tembo, and L.
Mapemba. 2014. Rural Household Participation in
Markets for Non-Timber Forest Products in Zambia.
Environment and Development Economics 19.4: 487-
504.

Fashae O., Olusola A. and Adedeji O. (2017). Geo-
spatial analysis of changes in vegetation cover over
Nigeria. Bulletin of Geography. Physical Geography
Series, No. 13 (2017): 17-28

Houghton, J. T., Y. Ding, D. J. Griggs, M. Noguer, P.
J. v. d. Linden, X. Dai, K. Maskell, and C. A. John-
son, Eds. 2001. IPCC, 2001: Climate Change 2001:
The Scientific Basis. Contribution of Working Group
I to the Third Assessment Report of the Intergov-
ernmental Panel on Climate Change. Cambridge,
United Kingdom and New York, NY, USA, Cam-
bridge University Press.

Ade, M. A., and Afolabi, Y. D. (2013). Monitoring
Urban Sprawl in the Federal Capital Territory of
Nigeria using Remote Sensing and GIS Techniques.
Ethiopian Journal of Environmental Studies and
Management, 6(1):82-95.
http://dx.doi.org/10.4314/ejesm.v6i1.10

Ahmed N. (2016). Application of NDVI in Vegeta-
tion Monitoring Using GIS and Remote Sensing in
Northern Ethiopian Highlands. Abyss. J. Sci. Tech-
nol. Vol. 1, No. 1, 2016, 12-17

Yengoh G.T., Dent D., Olsson L., Tengberg A.E. and
Tucker C.J. (2014). The use of the Normalized Dif-
ference Vegetation Index (NDVI) to assess land deg-
radation at multiple scales: a review of the current
status, future trends, and practical considerations.
Lund University Center for Sustainability Studies
(LUCSUS), and the Scientific and Technical Adviso-
ry Panel of the Global Environment Facility
(STAP/GEF). 80P

Tarpley, J. D., Schneider, S. R, & Money, R. L.
(1984). Global Vegetation Indices from the NOAA-7
Meteorological Satellite. Journal of Applied Meteorolo-
gy and Climatology, 23(3), 491-494.

Zhong, L., Ma, Y., Salama, M.S. and Su Z. (2010).
Assessment of vegetation dynamics and their re-
sponse to variations in precipitation and tempera-
ture in the Tibetan Plateau,”Climatic Change,
103(3):519-535.

Chen, J., Zhao, P., Liu, H. and Guo, X (2009). Model-
ling impacts of vegetation in western China on the
summer climate of north western China, “Advances
in Atmospheric Sciences, 26(4):803-812.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

IJSER © 2019

953

Zhang, B. Cui, L., Shi, J. and We P. (2017). Vegeta-
tion Dynamics and Their Response to Climatic Vari-
ability in China. Advances in Meteorology (2017):1-
10.

Xiao, Q. & McPherson, E.G. Tree health mapping
with multispectral remote sensing data at UC Davis,
California. Urban  Ecosystems (2005) 8: 349.
https://doi.org/10.1007/s11252-005-4867-7
Doraiswamy, P. C., Moulin, S., Cook, P. W., & Stern,
A. (2003). Crop yield assessment from remote sens-
ing. Photogrammetric Engineering and Remote
Sensing, 69, 665-674.

Frohn, R, Reif, M., Lane, C., & Autrey, B. (2009).
Satellite remote sensing of isolated wetlands using
object-oriented classification of LANDSAT-7 data.
Wetlands, 29, 931-941

Seelan, S. K., Laguette, S., Casady, G. M., & Seiel-
stad, G. A. (2003). Remote sensing applications for
precision agriculture: a learning community ap-
proach. Remote Sensing of Environment, 88, 157-
169.

Shanahan, J. F., Kitchen, N. R.,, Raun, W. R, &
Schepers, J. S. (2008). Responsive in-season nitrogen

management for cereals. Computers and Electronics
in Agriculture, 61, 51-62.

Shanahan, J. F., Schepers, ]. S., Francis, D. D., Varvel,
G. E.,, Wilhelm, W. W., Tringe, J. M., et al. (2001).
Use of remote sensing imagery to estimate corn
grain yield. Agronomy Journal, 93, 583-589.
Goward, S. N., and Huemmrich, K. F. (1992), Vege-
tation canopy properties PAR absorptance and the
normalized difference vegetation index: an assess-
ment using the SAIL model. Remote Sens. Environ.
39:119-140.

Huete, A. R, Liu, H. Q., Batchily, K., and van Leeu-
wen, W. (1997), A comparison of vegetation indices
over a global set of TM images for EOS-MODIS.,
Remote Sens. Environ. 59:440-451.

Pal,5 and Mandal,1.2017.Impacts of stone mining
and crushing on stream characters and vegetation
Health of Dwarka River Basin of Jharkland and
West Bengal Eastern India. Journal of Environmental
Geography,10(1-2):11-21

Ochege, F.U., George, R.T., Dike, E.C., Okpala-
Okaka, C.2017.Geospatial assessment of vegetation
status in Sagbama oilfield environment in the Niger
Delta Region, Nigeria. The Egyptian Journal of Remote
Sensing and Space Science.20:211-221

Salami,A., Jimoh, M.A and Mough-
aly,].1.2003.Impact of Gold mining on vegetation

http://www.ijser.org


http://www.ijser.org/
http://dx.doi.org/10.4314/ejesm.v6i1.10
https://doi.org/10.1007/s11252-005-4867-7

International Journal of Scientific & Engineering Research Volume 10, Issue 10, October-2019

ISSN 2229-5518

28.

29.

30.

31.

32.

33.

34.

35.

and soil in Southwestern Nigeria.60(4), International
Journal of Environmental Studies

Fabiyi O.O. (2011). Change actors” analysis and veg-
etation loss from remote sensing data in parts of the
Niger Delta region Journal of Ecology and the Natu-
ral Environment Vol. 3(12), pp. 381-391.

Bonan, G. B., 1998: The land surface climatology of
the NCAR Land Surface Model coupled to the
NCAR Community Climate Model. J. Climate, 11,
1307-1326.

Oleson, K. W., G. B. Bonan, C. Schaaf, F. Gao, and Y.
Jin, 2003: Assessment of global climate model land
surface albedo using MODIS data. Geophys. Res.
Lett., 30, 1443, doi:10.1029/ 2002GL016749.
Dickinson, R. E., Oleson, K. W., Bonan, G., Hoffman,
F., Thornton, P., Vertenstein, M., Yang, Z.-L. &
Zeng, X. (2006) The Community Land Model and its
climate statistics as a component of the Community
Climate System Model. J. Clim. 19 (11), 2302-2324.
Pettorelli, N., Vik, J. O., Mysterud, A., Gaillard, J.
M., Tucker, C. J. & Stenseth, N. C. (2005). Using the
satellite-derived NDVI to assess ecological respons-
es to environmental change. Trends in Ecology and
Evolution. 20, 503-510.

Sarp G. (2012). Determination of Vegetation Change
Using Thematic Mapper Imagery in Afsin-Elbistan
Lignite Basin; SE Turkey. Procedia Technology 1
(2012) 407-411.

Berhan G., Hill S., Tadesse T. and Atnafu S. (2011).
Using Satellite Images for Drought Monitoring: A
Knowledge Discovery Approach. Journal of Strate-
gic Innovation and Sustainability, 7(1): 135-153
Ayanlade A. & Drake N. (2016). Forest loss in dif-
ferent ecological zones of the Niger Delta, Nigeria:
evidence from remote sensing. GeoJournal 81:717-
735 DOI 10.1007/s10708-015-9658-y

http://www.ijser.org

IJSER © 2019

954


http://www.ijser.org/



