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Abstract

The purpose of this paper is to evaluate the potential of
multispectral image for better analysis for vegetation.
Vegetation commonly appear greenish to the human
eye but can be way much more accentuated outside the
visible spectrum. Vegetation respond to several bands
of the electromagnetic spectrum differently, choosing
the appropriate spectrum and processing the images
for this spectrum and combining the image to best
reveal vegetation is a core point in the analysis of
vegetation. With respect these core points this paper
proposed some spectrum, processes and combination
that reveals vegetation seemingly real to the human eye
(in the nonvisible spectrum) and a false color to
actually accentuate the health of vegetation. Firstly the
image is obtained from Landsat 7 EM+ and the
spectrum within the photosynthetically active radiation
are processed and analysed as actual vegetation, then
these were processed also in the nonvisible spectrum
were the level of vegetation health was much more
accentuated

Keywords: Very near infrared, Short wave Infrared.

1. Introduction
Vegetation being the chief manufacturer of oxygen

and the role it plays in checking global warming,
monitoring it cannot be over emphasised, though visual
interpretation using visual elements of tone, shape, size,
pattern, texture, shadow, and association is often a part
of our daily lives, whether we are conscious of it or not,
yet we lose some information when viewing a two-
dimensional image, observing the differences between
targets and their backgrounds, therefore processing the
image to accentuate the color level helps in bringing
out these differences.

To determine the density of green on a patch of
land, it is important that one do observe the distinct
colours (wavelengths) difference in the visible and
near-infrared sunlight reflected by the plants. As can be
seen through a prism, many different wavelengths
make up the spectrum of sunlight. When sunlight
strikes objects, certain wavelengths of this spectrum are

absorbed and other wavelengths are reflected. The
pigment in plant leaves, chlorophyll, strongly absorbs
visible light within the photosynthetically active
radiation range (from 0.4 to 0.7 µm) for use in
photosynthesis. The cell structure of the leaves, on the
other hand, strongly reflects near-infrared light (from
0.7 to 1.1 µm). The more leaves a plant has, the more
these wavelengths of light are affected, respectively [1].

Analysing vegetation using remotely sensed data
requires knowledge of the structure and function of
vegetation and its reflectance properties. This
knowledge enables you to link vegetative structures
and their condition to their reflectance behaviour in an
ecological system of interest. Vegetation reflectance
properties are used to derive vegetation indices (VIs).
The VIs are used to analyse various ecologies. VIs are
constructed from reflectance measurements in two or
more wavelengths to analyse specific characteristics of
vegetation, such as total leaf area and water content [2].
Plant foliage, one of the general categories of
vegetation, including leaves, needles, and other green
materials, often look similar to the casual observer, but
they vary widely in both shape and chemical
composition. The chemical composition of leaves can
often be estimated using VIs, but doing so requires
some knowledge of the basic composition of leaves and
how they change under different environmental
conditions. The most important leaf components that
affect their spectral properties are pigments water
carbon and nitrogen, and the pigment chlorophyll in
most vegetation cell shows to be more reflective in the
electromagnetic spectrum though when there is
chlorophyll breakdown other pigment surface more
telling an analyst the vegetation is poor, but the lack
rich green chlorophyll for good plant health can be
more noticeable in the nonvisible range of the
electromagnetic spectrum.

A significant advance in sensor technology stemmed
from subdividing spectral ranges of radiation into
bands (intervals of continuous wavelengths), allowing
sensors in several bands to form multispectral images,
and this help provide appropriate image to be
processed[4].
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2. Multispectral Images
A multispectral image consists of several bands of

data. For visual display, each band of the image may be
displayed one band at a time as a grey scale image, or
in combination of three bands at a time as a colour
composite image. Interpretation of a multispectral color
composite image will require the knowledge of the
spectral reflectance signature of the targets in the scene.
For any given material, the amount of solar radiation
that reflects, absorbs, or transmits varies with
wavelength. This important property of matter makes it
possible to identify different substances or classes and
separate them by their spectral signatures (spectral
curves), as shown in the figure below.

2.1. Remote Image acquisition
The image for my study was acquired remotely with

the aid of USGS Landsat 7 [3]. Remote sensing offers
an efficient way to estimate vegetation properties over
large geographic areas. For the purpose of this
study: Remote sensing is the science (and to some
extent, art) of acquiring information about the Earth's
surface without actually being in contact with it. This is
done by sensing and recording the radiated, reflected or
emitted energy then processing, analysing, and
applying that information. With the sun as a main
source of energy and several satellites, for my study
Landsat 7, launched to receive radiated, emitted and
reflected energy I am able to get my data from Ground
Receiving Station (GRS). Remote sensing data is
gotten via the means of airborne or spaceborne as stated
above and sent to a ground station were they are
available for research and other purposes.

3. Colour Composite Images

The subdivided spectral ranges of radiation into
intervals of continuous wavelengths help in separating
the colours in spectrum and of these are the primary
red, green and blue which are more notable to the
human eye. Putting these different colours together
makes up a colour composite image.

In displaying a colour composite image, the three
primary colours (red, green and blue) are used. When
these three colours are combined in various
proportions, they produce different colours in the
visible spectrum. Associating to a separate primary
color each spectral band (not necessarily a visible band)
results in a color composite image. Many colours can
be formed by combining the three primary colours
(Red, Green, and Blue) in various proportions.

Figure 1Spectral Signature

Figure 1Image Acquisition
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4. Vegetation and Its Reflectance Properties
Vegetation can be distinguished using remote sensing
data from most other (mainly inorganic) materials by
virtue of its notable absorption in the red and blue
segments of the visible spectrum, its higher green
reflectance and especially its very strong reflectance in
the near-IR.

Analysing vegetation using remotely sensed data
requires knowledge of the structure and function of
vegetation and its reflectance properties. This
knowledge enables to link vegetative structures and
their condition to their reflectance behaviour in an
ecological system of interest. With the aid of
reflectance properties of vegetation the vegetation
indices (VIs) can be derived. Vegetation Indices (VIs)
are combinations of surface reflectance at two or more
wavelengths designed to highlight a particular property
of vegetation.

Photosynthetically active radiation (PAR) is the
spectral range from 400-700nm that is used by plants in
photosynthesis. Precipitation and temperature are two
of the major factors that determine the proportion of
PAR absorbed by plants. Fraction of PAR is an
important parameter in measuring biomass production
because vegetation development is related to the rate at
which radiant energy is absorbed by vegetation. The
fraction of PAR (fPAR) can be measured on the ground
with handheld instruments or inferred from satellite
imagery over large spatial scales.

5. True Colour Composite Image
In a multispectral image that consists of the three visual
primary colour bands (red, green and blue), the three
bands may be combined to produce a "true colour"
image. For my research, the bands 3 (red band), 2
(green band) and 1 (blue band) of a LANDSAT 7
EMT+ multispectral image of the Niger Delta of
Nigeria was assigned respectively to the R, G, and B
array for display. In this way, the colours of the
resulting colour composite image resemble closely
what would be observed by the human eyes though the
composite image will need to be enhanced to reflect
what the human visual system actually interpret when
observed by the human visual system (hvs)

6. Enhancing the Image
Often raw images do not highlight the particular
features or processes that we wish to understand. For
better analysis it is needful to improve the appearance
of the image to assist in visual interpretation and
analysis. A composite image of true color was
constructed from a multispectral image from Landsat 7
bands by “picking” out the spectra that falls within the
photo synthetically active radiation of the spectral
range of 400-700nm that is also in the range of the
visible ray Red (620–750 nm), Green (495–570 nm)
and Blue (450–495 nm) respectively. Image
enhancement is the mathematically manipulation of the
digital number of the image (processing) to reveal
features in the image that best show the target of
interest, though enhancement of one characteristic is
often accomplished at the expense of other image
characteristics and in the case of my study the target is
vegetation therefore other features may be supressed to
reveal vegetation more distinctly.

6.1 Radiometric Enhancement
This is processes designed to improve the visual quality
of an image making useful information more apparent,
it is a point operation mapping a single input image into
a single output image such that each output pixel's gray

Figure 3True color Composite Image
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value, k', depends only on the gray value, k, of the
corresponding input pixel: linear contrast is one process
of enhancing the radiometric characteristics of an
image.
Contrast: The difference in brightness between two
adjacent regions of an image.

k'(x,y) = m * [ k(x,y) - ko ]

ko, m = constants,

Scaled so that

k'min= 0       k'max = 255

m = 255 / (kf - ko)

kout = (kin - ko) * m

Linear contrast enhancement, as mathematically
expressed above, also referred to as a contrast
stretching, linearly expands the original digital values
of the remotely sensed data into a new distribution. The
DN values of the image are systematically expanded so
as to adjust the contrast to broaden the image
expression of differences in spectral reflectance.

The histogram of the bands that makes up the
composite image shows that the remotely sensed image
is with Gaussian or near-Gaussian histograms,
meaning, all the brightness values fall within a narrow
range of the histogram and only one mode is apparent,
therefore DN that falls within the values of 0 to 64 and
91 to 255 for the red band and of 0 to 64 and 91 to 255
for the green band 0 to 110 and 129 to 255 for green
band are not displayed, as shown in figure 4a,4b and
4c, thereby reducing important spectral differences that
can be detected. Therefore a minimum-maximum linear
contrast stretch was applied to expand the original
minimum and maximum values of the data   assigned to
a newly specified set of values that utilize the full range
of available brightness values, in this case from 0 to
255. The linear stretching did not show much for better
analysis, figure 4d, though several water path can be
seen as water generally reflect high in the visible
spectrum, however, clearer water has less reflectance
than turbid water since turbid  water give more
backscatter. And the reason why the green colour
which is an indicative of vegetation is not really visible
in this linear stretched image is as a result of high

Figure 4a Red Band Histogram

Figure 4b Green Band Histogram

Figure 4c Blue Band Histogram

Figure 4d Linear Stretched Bands
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Figure 5a Spectral Plot

Figure 5b Scatter plots of Linear Stretched and
decorrelated Red and Blue Band

Figure 5c Decorrelated Stretched

correlation between the red and blue colour pixels,
figure 5, making the image seem not to have red pixels
with very poor green display. A spectral plot is a
graphical technique for examining cyclic structure in
the frequency domain. It is a smoothed Fourier
transform of the autocovariance function. Scatter plots
are used to plot data points on a horizontal and a
vertical axis in the attempt to show how much one
variable is affected by another. Using 2D Scatter Plots
of two bands of image data Red with Blue, figure 5b
also show the correlation.

Decorrelation is a general term for any process that is
used to reduce autocorrelation within a signal, or cross-
correlation within a set of signals, while preserving
other aspects of the signal. In image processing
decorrelation stretching enhances the color separation
of an image with significant band-band correlation. The
exaggerated colours improve visual interpretation and
make feature discrimination easier. With the aid of
image processing software, ENVI, the image was
decorrelated. The enhanced image shows more of the
different available colours. The spectral reflectance is
based on the chlorophyll and water absorption in the
leaf. Needles have a darker response than leaves. There
will be various shades of vegetation based on type, leaf
structure, moisture content and health of the plant.

Some of the coloration in the enhanced image is
indication of manmade activities as concrete and
asphalt, with which houses and roads are built; both
display spectral curves that generally increase from the
visible through the Near IR and Mid-IR regions,
however as concrete ages it becomes darker and as
asphalt ages it becomes lighter with soil with less or no
vegetation showing color different from the tropical
rain forest. The delta being an area of land with much
river braches flowing towards a larger water body, in
the case of my study the Atlantic Ocean, helps in
transporting these inorganic material and these in turn
have a negative effect on the vegetation. Increasing
amounts of dissolved inorganic materials in water
bodies tend to shift the peak of visible reflectance
toward the red region from the green region (clearer
water) of the spectrum, figure 5c. Some of the

coloration still tells unhealthiness of vegetation as
carotenoid and xanthophyll in the leaves reflecting
colour ranging from pale yellow through bright orange
to deep red yellow may be reflecting also. They are
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Figure 6 Composite of VNIR (4) - red (3) - green (2)

organic pigments that are found in the chloroplasts of
plants and some other photosynthetic organisms like
algae, some bacteria, and some fungi. Therefore this
coloration can also be as result of breakdown of green
chlorophyll, which unmasks the already-present orange,
yellow, and red pigments of carotenoids and
xanthophyll, my study accentuate this more in
processing the image in other spectrum.

7. False Color Composite Image
A false-color image is an image that depicts an object
in colours that differ from those a photograph (a "true-
color" image) would show. False-color image can be
created using solely the visual spectrum to accentuate
color differences, typically some or all data used is
from electromagnetic radiation (EM) outside the visual
spectrum (e.g. infrared, ultraviolet or X-ray). The
choice of spectral bands is governed by the physical
properties of the object under investigation. In my
research vegetation is the object of investigation,
though the green reflectance which is prominent in
vegetation, due to chlorophyll, is easier to discern by
the human eye yet it is much more evident in the
nonvisible spectrum. Therefore processing the image in
color infrared with the Very near Infra-Red band four,
the Red band three and green band two of Landsat 7
with micrometres wavelength 0.82500, 0.66000 and
0.56500 spectrum respectively  figure [10].

Much of the image appearance is due to the fact that
healthy chlorophyll-rich vegetation, which is
predominant in this area, has a high reflectance in the
near infrared and the NIR band is mapped to the red
channel in the composite image thereby causing  any
area with a high vegetation density to appears red in the
in the image. A frame on the left from figure [6] shows
though the Niger delta is rich in vegetation there is still
area with poor vegetation. Though in the CIR image,
water features are very dark and green vegetation
appears red, most water in the image still appear blue
green due to the turbidity and having sediment or
foreign particles stirred up or suspended increasing the
backscatter of the blue short visible ray or the
spectrum.

Figure7 Composite of SWIR (7) - VNIR (4) -
green (2)
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Again combining the short wave infrared band seven,
Infra-Red band four and green band two of Landsat 7
with micrometers wavelength 2.22000, 0.82500 and
0.56500 respectively. This band combination shows the
vegetation in various green shades because band four
(high reflectance of vegetation) is presented in the
colour green. This false color composite reveals more
of the vegetation characteristic as band seven is
sensitive to variations in moisture content and
especially detects this in hydrous minerals in geologic
settings (such as clays which is common in this area).
The enhanced false color composite image showed
more for better analysis than the composite of true
colors. In this false color image the pixels with more of
purple close to red color are much clearer and these
depict soil and locals buildings while the orange yellow
around the purple are lawn grasses in those community
and the different level of blue for water tells the
different depth of water to the deep blue ocean, also
with the different available levels of green in the
vegetation yet this can be distinct further with more
processes.

8. Vegetation Stress
The stress in vegetation can be determined by
processing the image to determine the density of green
on the patch of land, by observing the distinct colours
(wavelengths) of visible and near-infrared sunlight
reflected by the plants in the processed image.

8.1Normalized Difference Vegetation Index
(NDVI)
It is a Vegetation Index in which bands sensitive to
chlorophyll absorption and cell wall reflectance are
treated by simple mathematical ratio of individual band
differences and sums to accentuate recognition of and
variation within types and densities of growing forests,
fields, and crops. As can be seen through a prism, many
different wavelengths make up the spectrum of
sunlight. When sunlight strikes objects, certain
wavelengths of this spectrum are absorbed and other
wavelengths are reflected. The pigment in plant leaves,
chlorophyll, strongly absorbs visible light (from 0.4 to
0.7 µm) for use in photosynthesis. The cell structure of
the leaves, on the other hand, strongly reflects near-

infrared light (from 0.7 to 1.1 µm). The more leaves a
plant has, the more these wavelengths of light are
affected, respectively. NDVI is calculated from the
visible and near-infrared light reflected by vegetation.
Healthy vegetation absorbs most of the visible light that
hits it, and reflects a large portion of the near-infrared
light. Unhealthy or sparse vegetation reflects more
visible light and less near-infrared light.

NDVI = [(NIR - Red) / (NIR + Red)]

The Normalized Difference Vegetation Index image,
figure 8, show vegetation reflectance that really help
accentuate the hue of the various vegetation level, and
using the DN values reconstructing composite image
with NDVI mapped to the green array and band seven
which is sensitive to variations in moisture content
mapped to the red array while the band two is mapped
to the blue array, figure 9,. This indeed showed the

Figure 8 NDVI
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various density of green color in the frame thereby
telling the health of the vegetation.

It also shows the bathymetry of the various water
bodies with light blue to the deep blue ocean color, this
is because longer wavelength visible and near infrared
radiation is absorbed more by water than shorter visible
wavelengths. Thus water typically looks blue or blue-
green due to stronger reflectance at these shorter
wavelengths, and darker if viewed at red or near
infrared wavelengths as shown above in figure 7. If
there is suspended sediment present in the upper layers
of the water body, then this will allow better reflectivity
and a brighter appearance of the water. The apparent
colour of the water will show a slight shift to longer
wavelengths. Suspended sediment (S) can be easily

confused with shallow (but clear) water, since these
two phenomena appear very similar. Chlorophyll in
algae absorbs more of the blue wavelengths and reflects
the green, making the water appear greener in colour
when algae are present while the topography and the
turbidity of the water surface also lead to varying
coloration like the blue green in the VNIR image.

9. Discussion and conclusions
Remote sensed image if well processed can go a long
way to help check vegetation. While the Sahel shows to
be really gaining concern from researchers and others
due to desert encroachment, I think it is still important
to look at the coaster area and how vegetation stress
seem to be showing up gradually into the main land.

My results highlight the levels of vegetation response
to the distinct colours (wavelengths) in the
electromagnetic spectrum thereby, with good
proceeding, aiding analyst in determining vegetation
stress in the tropical region of the Niger Delta. And the
stress that has shown to be more in the down side
closer to the ocean can be taken to be as a result of
excessive water yet I consider this stress to be having a
major manmade contribution as inorganic materials,
like oil spillage which endemic in this area, flushing
downstream also has some negative impact on the
vegetation.Areas with no vegetation

Loosing vegetation
Poor vegetaion
Rich vegetation

Table 1 Colour representation

Figure 9 Composite of band7, NDVI and band2
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