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University of Missouri-Kansas City 

 

ABSTRACT 

 

Invasive plants are a huge threat not only to the biological integrity of the world‘s 

natural ecosystems but also the economies that are supported by those ecosystems. Today, 

governments worldwide are spending millions of dollars to address this issue. Invasive 

species pose great danger to the natural habitat, sometimes causing irreversible change. 

Typha australis – an aquatic weed locally known as ―Kachalla‖ in the Lake Chad Basin 

(LCB) is an example of an invasive species of major concern. This study presents a method 

to identify and characterize this weed on a large scale using medium resolution LANDSAT, 

MODIS satellite imagery and high resolution QUICKBIRD satellite imagery. The satellite 

imagery was augmented with ground truth data obtained during field work in the LCB by a 

UMKC team of scientists and students in 2009. Land Use Land Change (LULC) 

classification was carried out using  Landsat and MODIS Imagery. Normalized Difference 

Vegetation Index (NDVI) was generated for every year from 2000 to 2010 on MOD13GQ 

and for every month in 2009. MOD13GQ is a product of MODIS. Simultaneously, a 

Quickbird satellite image was used to more accurately track the weed using 500 meter 

buffered GPS points collected during  field work in the LCB. The resultant classification was 

then overlaid on Landsat and MODIS Imagery to randomly pick signature points of the weed 

and to train the software for classification. Supervised classification was done on both of the 
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images, accuracy assessment was conducted and statistics were generated respectively. The 

end result is a classified medium resolution LULC map of the LCB and a high resolution 

map of a subset area of the LCB with a well defined LULC category that we could identify, 

with reasonable certainty, as an invasive species category.   
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CHAPTER 1 

OVERVIEW 

The introduction chapter provides an insight to the present research and its 

importance. This familiarizes the reader with the overall objective and focuses on providing 

the overview of the present work. The chapter begins with the general section, which  

addresses the general idea behind the research. 

1.1 Invasive Species 

The term invasive species is more or less referred to as aliens, barriers, naturalized 

species, invaders, pests, colonizers, weeds, immigrants, exotics, neophytes, xenophytes, 

introduced species or transformers [1, 2]. Invasive plants are the plants that have been 

introduced into an environment in which they did not evolve and thus usually have no natural 

enemies to limit their production and spread [3]. Invasive alien plant species henceforth 

known as alien plants are a problem in most parts of the world. There is increasing concern 

worldwide about the impacts of invading alien plants. Alien plants are not only impacting 

human society through reduction in agricultural production, but there is growing recognition 

of the impacts on biodiversity and natural systems [4]. Invasive alien plants pose a threat to 

natural and managed ecosystems, one of the greatest threats to biological diversity [5]. These 

species can reduce the amount of light, water, nutrients and space available to native species, 

alter hydrological patterns, soil chemistry, moisture-holding capacity and erodibility, and 

change fire regimes [16]. Studies that emphasize specific sites or habitat types have provided 

a general model of the distribution of invasive alien plants and have measured their impacts 

on natural communities. For example, the grasslands of California have experienced a high 

degree of impact by invaders from the Mediterranean basin associated with a history of 
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intense disturbance by grazing [18, 19]. Consequences of invasion include the displacement 

of native species [5, 6], modification of primary functions of ecosystems, modification of 

disturbance regimes and post disturbance communication dynamics [7], and substantial 

losses to plant and animal agricultural production [8].  Invasive plants alter the biochemical 

cycle and act as competitor, predator, parasites or pathogen of the native species thereby 

reducing the survivability of the native species [9]. Many alien plant species are categorized 

as serious and dangerous invaders across the world. The spread of alien species has become 

an issue of international importance. Biological invasions have been identified as a major 

non-climatic driver of global change [11, 12]. Their global impact has been recognized in the 

convention on Biological diversity, which calls for the control, and monitoring of exotic 

species that threaten ecosystems, habitats and species.  It also recognized the need to 

establish information systems that compile data on species that have significant 

environmental impacts. Specific initiatives that have responded to this need include the 

establishment of an invasive species specialist group by The World Conservation Union 

(IUCN) to facilitate information exchange and work being done on invasive species [10]. The 

estimated cost of environmental damages and associated management and control of alien 

invaders is approximately $500 billion worldwide. As global travel and trade increase, 

pathways for invasive species to establish themselves in new lands are increasing 

accordingly. An invasion is under way that is undermining our economy and endangering our 

most precious natural treasures. The incursion comes not from foreign armies, political 

terrorists, or extraterrestrials. Instead, the stealthy invaders are alien species. These plants and 

animals have been introduced—either intentionally or by accident—into areas outside their 

natural ranges. Unchecked by natural controls, invasive species are spreading across our 



3 
 

lands and through our waterways, and wreaking havoc with already fragile native species and 

ecosystems. The growing attention to the problem of invasive species often focuses on their 

costs to agriculture, ranching, forestry, and industry. The price they exact from our natural 

forests, grasslands, and waterways, however, is at least as great. Invasive species are now 

regarded as the second-leading threat to imperiled species, behind only habitat destruction. 

Invasive species affect our native biodiversity in a number of ways. The rate and spatial 

pattern of biological invasions (mainly alien plants) may be mediated by other environmental 

changes such as increased nitrogen (N) deposition and atmospheric CO2 concentration, 

elevated air temperature and variability in precipitation [13-15]. They may compete directly 

with native species for food or space, may compete indirectly by changing the food web or 

physical environment, or may prey on or hybridize with native species. Rare species with 

limited ranges and restricted habitat requirements are often particularly vulnerable to the 

influence of these alien invaders. Invasive species have a profound effect on vital sectors of 

the economy as well as on wild lands and endangered species. An invasive species may be 

invasive in one part of the country, but not in another.  A biogeographical context must be 

included when assessing whether a non-native species should be considered an invasive 

species. Complications concerning the concept of invasive species arise from differing 

human values and perspectives.  Differing perceptions of the relative harm caused or benefit 

gained by a particular organism are influenced by different values and management goals.  If 

invasive species did not cause harm, we would not be nearly as concerned.  Perceptions of 

relative benefit and harm also may change as new knowledge is acquired, or as human values 

or management goals change. Bio-invasion may be considered as a significant component on 

global change and one of the major causes of species extinction [16]. Invasive alien plants 
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are invading approximately 700,000 ha per year of natural communities in the United States 

[17]. As sensors and associated technologies evolve, new types of remote sensing data have 

emerged and extended the horizons of remote sensing applications. The availability of 

hyperspectral remote sensing data provides researchers and scientists with an opportunity to 

pursue more complex applications that are difficult, if not impossible, to accomplish with 

traditional multispectral data. With tens to hundreds of contiguous spectral bands and high 

spectral resolution, hyperspectral imagery can deliver an abundance of spectral information 

and has a great potential to achieve species-level plant target identification. Nevertheless, the 

inherent differences between hyperspectral data and traditional multispectral images also 

bring up new challenges in processing and analysis, and sometimes may pose extraordinary 

obstacles to the success of various applications [20-23]. However, the scope of this study is 

limited to Multispectral data only, due to funding and time constraints.  

1.2 Lake Chad Context 

It has been widely reported that Kachalla, Typha australis a species of cattail grass, is 

taking over river banks and farmlands in the wetlands of Nigeria's Jigawa state, disrupting 

farming and fishing activities and causing ecological imbalance in that area of the LCB. 

Kachalla is a highly competitive invasive weed that quickly takes advantage of any 

opportunity to become established in marsh, forested wetlands, agricultural fields, and upland 

forests.  
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Figure 1 Kachalla, a typical typha australis weed (courtesy: www.wellgrowhort.com) 

 

This species can have significant negative effects on ecological processes and 

functions, native species, and threaten or endanger species of an area. The absolute cost of 

this invasive species to the economy and human well being of the LCB has not been 

quantified, but published reports indicate that public and private lands are experiencing 

extensive losses of native habitats (e.g. prairies, forests) and useable (e.g. grazing, 

harvestable) lands. Kachalla has an entangled roots system that spreads rapidly, blocking 

waterways. The weed was first noticed in Nigeria in 1972 during a dam construction in 

Jigawa State. Since then, the weed has spread and covered almost 10 per cent of Jigawa's 

total landmass. Currently, the weed is spreading at a rate of 10 per cent and tackling it may 

not be easy. Fishermen cannot fish in the tributary rivers of the LCB  because they have been 

taken over by Kachalla weed. It has crippled economic activities, destroying fishing and as 

well as farming. The tall, deep-rooting and fast-spreading reed has been rapidly spreading 
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along the river since the Tiga dam was completed in the 1970s. The altered flow of water 

through the river system allowed shallow water to stand for longer periods, perfect conditions 

for the spread of Kachalla, particularly on the fertile flood plains adjoining the river. The 

weeds grow so densely that they sometimes block the course of the river, diverting it along 

new paths and destroying cultivated land. As though this was not enough, Kachalla also 

provides ideal habitat for the destructive quelea bird, huge flocks of which frequently destroy 

crops just before harvest.  The main aim of this research is to accurately plot the total 

vegetation within the LCB and derive the spatial extent of Kachalla weed on MODIS and 

Landsat imagery. 

 1.3 Remote Sensing of Invasive Plants 

Geospatial technologies (Geographic Information Systems and remote sensing) are 

increasingly being used to assess the spatial distributions and predict the spread of invasive 

species [25-27]. Remote sensing offers an opportunity to address the invasive species 

problem by providing timely information on the spatial distribution of any plant species, 

including those that could threaten the ecological balance [28]. A large area of coverage can 

be acquired in a short period of time, and the unique phenological, spectral, and structural 

characteristics of specific species can be analyzed to distinguish from nontarget species [22]. 

Several researchers have shown that aerial photography, multispectral airborne sensors, and 

satellite imagery can be used successfully to detect and monitor the spread of non-native 

plant species [29]. Remote sensing has been used for decades to measure and map the 

biophysical characteristics of vegetation, and results have varied according to the spectral 

and spatial resolutions used in individual studies [30]. Moderate spatial resolution satellite 

imagery (e.g., LANDSAT Thematic Mapper with pixels of 30 by 30 meter) is better suited to 
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mapping at the community level because the spatial resolution is generally too coarse to 

distinguish individual species unless they are represented as a monoculture [31, 32]. 

Conversely, aerial photography is capable of producing very high spatial resolution data. For 

example, Anderson et al [30] used color and color infrared aerial photographs to map 

landscape-scale infestations of leafy spurge (Euphorbia esula L.) in Theodore Roosevelt 

National Park. However, the dynamic spectral range of aerial photography is limited, thus 

reducing its interpretive capability [33, 34, and 35]. 

1.4 Motivation and Problem Statement  

The decision in selecting spatial resolution of an image for classification is very 

critical during a study as it can decide the fate of the study. In this case, a high resolution 

satellite data is needed for classification because the invasive weed is spread as discrete 

patches and if a medium resolution image is to be considered (Landsat, 30x30 m) the patch 

size would be less than the size of a pixel and therefore tracking and classifying would be 

very difficult. At the same time since the study deals with a large area, the cost of purchasing 

high resolution images would be prohibitive. This problem could be solved to an extent by 

using a high resolution image to define a subset of the study area or Area of Interest (AOI) to 

track the weed and using it as a base to pick more control points on medium resolution 

imagery like Landsat and MODIS to classify the image in an efficient manner. By doing this 

the cost of accurately mapping a big area becomes more manageable. 
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Figure 2 Overlaying High Resolution on Medium Resolution Image 

1.5 Objective 

The main goal of this study is to detect and accurately classify kachalla weed on 

medium resolution imagery (Landsat, MODIS) by using high resolution Quickbird Imagery 

as reference for ground truth data. This would cut down the cost of an invasive species 

mapping project drastically by fusioning the results of high resolution image (Quickbird, 

IKONOS, SPOT) with a medium resolution image like Landsat TM which is free of cost. 

With this method, one could achieve accurate results on a medium resolution image. A 

previous project by the US Bureau of Land Management [24] has received substantial 

criticism due to the coarse resolution (from AVHRR data with 1 km pixels), model 

development and a lack of accuracy assessment. This project attempts to avoid those 

problems. The Landsat TM and MODIS imagery provides a higher resolution for mapping 

compared to AVHRR.  
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     1.6 Study Area  

The Lake Chad Basin (LCB) falls between the coordinates 6 to 24 Deg North and 8 to 

24 Deg East located in Northern Central Africa. This basin alone covers 8 percent of the total 

continent and shares borders with seven countries of which four countries are in direct 

contact with the lake: Nigeria, Niger, Chad and Cameroon. This is the largest landlocked 

drainage basin in the African continent. It has a large land mass which is made of many 

catchments of rivers which flow into Lake Chad. The entire basin covers an area of about 2, 

52,000 Sq Km. Lake Chad is Africa‘s fourth biggest lake, the biggest in Central and Western 

Africa. The lake is fed by three major rivers: Chari/Logone (95%), Komadugu/Yobe (3%), 

Ebeji (1%), and Yedseram (1%). Many factors like droughts during the last 40 years, rainfall 

declination, vegetation degradation, steep decline in fisheries, and desertification are 

responsible for the decline of the lake and consequently, the social and economic status of 15 

million inhabitants. 
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Figure 3 African Continent Showing Lake Chad Basin-Insat 
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Figure 4 Satellite View of Lake Chad Basin at Different Scales  
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Figure 5 Surface Hydrology of Lake Chad Basin (Courtesy: Impact Assessment Inc.)  
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CHAPTER 2 

 

                      APPROACHES FOR IDENTIFYING INVASIVE SPECIES 

 

The chapter describes the various satellite data manipulation methods used in the 

present research such as  pre-processing, classification, image fusion. It identifies the 

concepts used in the research and informs  the reader about the process used to acquire and 

process the data employed in the study. 

 

2.1 Typha Australis (Kachalla) 

 

Satellite remote sensing has become a valuable technique for environmental 

assessments and monitoring. By exploring the reflected energy received by a satellite sensor, 

many environments can be classified without requiring extensive field surveys. According to 

Mefit-Babtic [36], Typha australis is a tough grass which is rooted strong with a great 

foundation to produce emergent vegetative shoots. Being a tough survivor it dominates most 

of the vegetative family near its presence like marshes, swamps. etc. In slow running water 

areas like lake shores it becomes a fringe of vegetation. The plant is very fibrous and 

whereever its population is extensive, it hinders water transportation. This causes serious 

problems for farming and fishing activities and also for the delivery of irrigation water along 

the canals. Studies have shown that , when present  in large amounts, this grass can reduce 

solar radiation and lower wind speeds [37]. In tropical swamp areas it increases evapo-

transpiration [38]. In some places like Sudan, Typha australis is fed to animals during 

extreme dry seasons but its problems outweigh its benefits. According to Steve Klaber, the 

Lake Chad basin needs weeding. The water that arrives is transformed into silt by this plant 

at an unimaginable rate. The silt helps to raise the lake bed which then makes no contact with 
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the aquifers and dries the land quicker. The LCB is not just drying up due to decline in 

rainfall the interaction with the Typha grass acts like a desiccation machine, which 

accelerates evapotranspiration and thus, multiplies water loss. Kachalla is like a machine 

which turns water into silt because it decays slowly and incompletely. So when fresh water 

arrives the silt builds up in a very short time and will separate the lake bed from the 

underground aquifer. The lakes and the aquifers stop interacting with each other during 

alternating seasons causing the ground water to decrease. As the lake shrinks, and less and 

less water is available it results in less or no lake effect rains due to feedback effects on the 

water cycle 

 

2.2 Types of Weed Which can be Remotely Sensed 

For some weeds, remote sensing may be an efficient and cheaper way of mapping 

their spatial extent when compared to ground surveys. However, othersare not suitable for 

tracking by remote sensing because of their indistinguishable nature from the native species. 

There are a few important points to consider in pre-assessing the project‘s success, including 

distinguishable biological characteristics. A few weeds have different biological 

characteristics from their neighborhood, making them a perfect candidate for mapping using 

geospatial technologies. Characteristics such as Flowers, shadowing from tall trees, fall 

colors. Etc. distinguishes them from others (USDA).  
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Figure 6 Leafy Spurge, Invasive Vegetation in USA (Courtesy: USDA) 

     

Figure 7 Cheatgrass, Invasive Vegetation (Courtesy: Great basin cheatgrass) 
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Weeds like Cheatgrass (Bromas Tectorum) green-up way early than the surrounds 

which makes it a better target to remotely sense during the spring season. Some hairy plants 

reflect incoming solar light very differently than the neighborhood making it a perfect way to 

distinguish on a satellite image.  

 

Figure 8 Silverleaf Sunflower, Invasive Vegetation (Courtesy: USDA) 

 

2.3 Mapping Invasive Weeds Using Remote Sensing 

According to Raymond Hunt and Randy Hamilton of USDA, the major steps involved in 

successful weed mapping are: a) Set Objectives and planning to achieve them, b) selecting 

required resolution and imagery type, c) Collecting field data,  d)  Analyzing the imagery. 

While setting up a plan to achieve the goal of mapping the weed accurately, questions like 

smallest patch size to be mapped, acceptable accuracy level, extent of the area to be mapped 

should be taken into consideration.  
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The main factors involved in selecting imagery are spatial resolution, spectral 

resolution and type of imagery to be selected. Spatial resolution` is the minimum size of 

the feature that could be detected using remote sensing. The resolution necessary to map 

a weed depends on the smallest patch size that should be mapped.   

 

   

   

 

          

          

          

          

          

 

Figure 9 Grids represent Imagery Pixels 

Spectral resolution is the range of wavelengths detected by an imaging system. In 

general terms, the greater the spectral resolution the better the accuracy to distinguish weeds 

from normal plants. High spectral resolution should be weighed against cost to purchase and 

processing level. High resolution data is very difficult to process. Compared to Multi spectral 

resolution, hyperspectral resolution imagery has very high spectral resolution.  

Pixel size = patch sizes, 

most patches will not be 

detected 

  

  

 

     

     

     

Pixel Size<patch size, most 

patchs will have atleast 

one pixel 
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2.3.1 Satellite vs. Airborne Imagery 

Digital images can be taken from Aircraft (Hyperspectral) or Satellite (Multispectral) 

Both have positive and negative sides. The table below illustrates a few of the differences.  

Table 1 Difference between Satellite and Airborne Imagery 

SATELLITE IMAGERY AIRBORNE IMAGERY 

Better for large and contiguous areas Better for Small and noncontiguous areas 

High resolution images: Cost per acre 

decreases with increased coverage area 

Generally Expensive for small area 

At times, image capturing affected by 

Clouds 

Image Capturing affected by pitch and roll 

of aircraft 

Not a problem Continuous change in altitude of the 

aircraft results in more rectifying and 

processing times 

At times, it is difficult to acquire data 

when needed 

Can be captured at any given time 

 

For better management objectives, field data should be collected to be used as 

training data for feature extraction and Image classification. It can also be used for accuracy 

assessment. Data on a field trip is generally collected with a GPS of good accuracy level. 

Collected data could either be a point data or polygon data and both can be used in GIS for 

planning purposes. The general rule of thumb for accuracy assessment is that at least 50 

points or polygons should be collected for better accuracy. If only one vegetation cover type 

is present in that area then 50 polygons with weeds and 50 polygons without weeds should be 

collected.  

The ultimate goal of analyzing Imagery is to classify accurately and produce high 

user and producer accuracies. Some methods for analyzing imagery are explained next. 



19 
 

Image Interpretation:  This method uses many criteria like context, shadow, color on image 

displayed to identify patches of weed. We can either use a natural color or false color 

composition with high spatial resolution.  

Supervised Classification:  This classification uses spectral characteristics of areas of 

training to group together similar pixels using selected algorithms like spectral angle, 

minimum distance, maximum likelihood. 

Unsupervised Classification:  This classification uses computers expertise to group similar 

pixels. Most studies use this classification initially to get a gist of the study area and later 

work on a different classification method. This method might not produce accurate 

classification many a times but could be used as a base to support further analysis.  

Feature Extraction:  This method is also called object oriented classification. This method 

generates great results based on the fact that it uses both spectral and spatial information to 

trace targets. The features that are identified are grouped in a polygon to delineate. This 

could be otherwise called as an automation of Image Interpretation.  

2.4 Assessing Map Accuracy 

Accuracy assessment gives you the percentage of correctness of a classified image. It 

is highly difficult without an accuracy assessment to know whether an image is accurately 

classified or not. It is usually done by comparing the classification with a reference data 

which we believe to be accurate. There is no ideal reference data. All data reference data 

have some degree of inaccuracy.  There are three accuracy measures: 

Overall accuracy:  This is calculated by the sum of correct predictions divided by the total 

number of observations. A large number of weed absent test sites compared to weed present 
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test sites gives a high accuracy level but the usefulness of the map may not be very 

appreciative. 

Producer‘s accuracy:  This is calculated by diving accurately predicted by the total number of 

sites containing targets. Only data consisting available targets is used for calculation hence 

the output actually tells how efficiently it detects the targets on the ground.  

User‘s accuracy:  This is calculated by the number of weed sites correctly predicted divided 

by the total sites predicted to have weeds. This gives you a probability of weed actually 

present. User‘s accuracy is high for distinctive weeds.  

2.5 Data Sources 

The study mainly used a medium resolution images from Landsat managed by USGS 

and MODIS managed by NASA. High resolution satellite imagery was from Quickbird. 

Medium resolution data was available for free and downloadable online and high resolution 

imagery is purchased from map agents. 

   2.5.1 Landsat 7 TM 

The Landsat program offers the longest continuous global record of the Earth's 

surface dating back to the early 1970s; it continues to deliver visually stunning and 

scientifically valuable images of our planet. Landsat 7 is the seventh in the Landsat program 

family. Its primary goal is to provide global archive of satellite photos. This is developed and 

managed by the USGS. Landsat 7 celebrated its 25th anniversary of operation on March 2, 

2009. It has two sensors namely multi spectral scanner (MSS) and thematic mapper (TM). 

MSS was decommissioned due to technical problems.  
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 2.5.2 Quickbird 

Quickbird comes under a high resolution image category for its ability to detect small 

objects like individual residential buildings, and trees. This is for commercial use and owned 

by Digital Globe and has the fourth highest resolution commercial imagery of earth available 

on the market.  

2.5.3 MODIS 

 MODIS (or Moderate Resolution Imaging Spectroradiometer) is a key instrument 

aboard the Terra (EOS AM) and Aqua (EOS PM) satellites. 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 afternoon. Terra MODIS and Aqua MODIS are 

viewing the entire Earth's surface every 1 to 2 days, acquiring data in 36 spectral bands, or 

groups of wavelengths. These data will improve our understanding of global dynamics and 

processes occurring on the land, in the oceans, and in the lower atmosphere. MODIS is 

playing a vital role in the development of validated, global, interactive Earth system models 

able to predict global change accurately enough to assist policy makers in making sound 

decisions concerning the protection of our environment. 

 

Table 2 Difference between Different Satellite Sensors 

Satellite Landsat 7 Quickbird MODIS 

Resolution level Medium High Medium 

Launch date April 1, 1999 Octtober 18, 2001 Dec 18, 1999(Te) 

May 4, 2002(Aq) 

Sensors MSS, TM MSS, PAN MODIS 
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2.6 Software 

The study mainly used ArcGIS Desktop Arcinfo 10 to generate shapefiles and 

coverage files. Analysis was carried out in ERDAS Imagine Professional 10, Feature Analyst 

extension. Statistics were generated using MS Excel. Python scripting language was used for 

Geoprocessing in ArcGIS. 

 

 

 

      

 

 

 

 

 

Altitude 705 km 450 km 705 km 

Orbit Polar, Sun-synchronous Sun-synchronous Sun-synchronous 

Repeat Coverage 16 days 1-3.5 days 

depending on 

latitude 

1 day on Terra 

1 day on Aqua 

Spatial resolution 30m (120-thermal) 60 cm-PAN, 

2.4m-MSS 

250 m (bands 1-2) 

500 m (bands 3-7) 

1000 m (bands 8-

36) 

Swath 185 km 16.5 km 2330 km 

crosstrack 
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CHAPTER 3 

DATA PREPARATION 

 The chapter goes to the depth of the work conducted with the MODIS (mss), 

LANDSAT (mss), Quickbird (mss, pan) in the context of the present research.  

The pre-processing stage can be considered as the first step of working with the data 

sets available and acquire the valuable information from the same. The data sets were 

initially in the raw or unprocessed form and most of the datasets were not geo-referenced or 

geometrically calibrated. These datasets also had errors due to atmospheric effects and 

required atmospheric corrections or radiometric calibrations. Typically, satellite data contains 

lot of information and often the user does not require all the available data, therefore spatial 

and spectral subsetting ofdata is required, which also helps in reducing the complexities and 

the processing time on the image.  Raw satellite data contains various types of geometric and 

radiometric errors, thus it is necessary to remove these errors before further use of data. Pre-

processing of satellite data consist of image segmentation, geometric correction, 

enhancements, georeferencing, resolution merge, haze or cloud removal, synchronizing 

images, etc. All of these were carried out in the present study as outlined in the following sub 

sections. 

3.1 Landsat 7 

Raw data from Landsat 7 was downloaded from global land cover facility (GLCF). 

There were split images available for the study area with different paths and rows. Four 

images constitute the entire study area.  
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Figure 10 Landsat 7 satellite Path/row 

 

 

Figure 11 Landsat bands showing RGB combination 

The total area of Landsat image which is to be classified is about 138,900 Sq Kms. 

Mosaicking was applied on the individual images to stitch the images together without 

affecting the data.   
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Figure 12 Lake Chad Basin Shown Before and After Cleaning Data 

The downloaded Landsat data was in the form of seven individual bands. Hence all the bands 

were stacked together. A sensor acquires several images (bands) at once, each recording a 

specific color or range of colors. When viewed, each individual band looks like a black and 

white photograph. A stripe free mosaic was produced by changing the settings to suite the 

image type. Hence stripes are removed from the image.  
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3.2 Quickbird 

A small area compared to Landsat Imagery is chosen for the study. The location of 

the imagery is selected where GPS points with Kachalla attributes have been captured. An 

area of 200 sq km image was purchased (thanks to Dr. Jimmy Adegoke) which acts as a 

reference to classify Landsat and MODIS Imagery. The datasets acquired were delivered at 

standard correction mode, i.e. only the systematic geometric and radiometric errors were 

corrected.  
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Figure 13 Quickbird Imagery 
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 3.3 Enhancements 

There are three types of Enhancement techniques available during preprocessing. They are 

spatial enhancement, radiometric enhancement, spectral enhancement.  

3.3.1 Spatial Enhancement 

Crisp tool was used to sharpen the image without disturbing the thematic content.  This 

improves the overall luminance of the image which is helpful during selecting GCP‘s 

 

 

Figure 15 Before and After Enhancements 
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The above image shows the image before and after crisp tool application. In case of cloudy 

images, clouds could be better detected and haze is highlighted to an extent.    

3.3.2 Resolution Merge 

The images taken by different sensors of earth observation systems have different 

characteristics of  which spectral bands and resolution are important. Both of them are 

mutually exclusive. Image which has a good resolution has only one band of information and 

an Image with many bands has a very low resolution. By combining the best in the two 

images, one can acquire a good resolution image with many bands of information. A low 

resolution multispectral image with a high resolution monospectral image could be merged to 

get an output with many advantages. This kind of matching is called RGB to HSV 

transformation. Quickbird imagery has a resolution of 0.6 M (Panchromatic) and 2.4 

(Multispectral). By merging high resolution panchromatic data with low resolution 

multispectral data of the same image we obtain an image which has better clarity and has a 

detailed output. 

 

Figure 16 Image Before and After Resolution Merge Tool Application  
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3.3.3 Image Geometric Correction 

The raw satellite data contain geometric distortion and it is necessary to rectify them 

from the images in order to enable correct measurement of area, precise localization and 

multi-source data integration [39]. In case of land use change detection the proper geo-

rectification is essential and the accuracy of geo-rectification should be within 1 to 2.5 Pixels 

[39]. The producers of the satellite image give an image buyer with two options: 

geometrically uncorrected image termed as ‗Level 1A‘ and distortion corrected image termed 

as ‗Level 1B‘.  

3.4 Summary 

The data preparation chapter gives an overview of the various pre- processing 

measures carried out in the present context like atmospheric corrections, spatial and spectral 

subsetting. The chapter was mandatory in the sense that it provides with the key inputs that 

were necessary for further processing and analysis of the data. The chapter is organized in a 

way to provide the reader with the preliminary processes carried out specifically on the 

multispectral data. Overall, the chapter caters and allows for the better understanding of the 

handling or manipulation of Landsat and MODIS data. 
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CHAPTER 4 

METHODOLOGY  

The methodology chapter describes the processes were performed individually on 

Landsat, MODIS and Quickbird to achieve the research objectives and answer the research 

questions posed in this study. 

4.1 Classification on MODIS 

MODIS data has played an important role in global and regional environment and 

resources assessment studies. Remote image classification often fails to separate a large 

number of land cover classes that may present similar spectral reflectance. The MODIS is a 

key instrument aboard NASA's Terra (EOS AM) and Aqua (EOS PM) satellites. Viewing the 

entire Earth's surface every 1 to 2 days, both Terra and Aqua MODIS data aid in our 

understanding of global dynamics and processes occurring on the land, in the oceans, and in 

the lower atmosphere. To improve the classification accuracy in such situations, multi-

temporal data has been proved as valuable auxiliary information. In this analysis, 250m 

MODIS/NDVI time-series datasets was used as main data source and reconstructed the 

NDVI time series datasets with higher quality.  

4.1.1 Importance of NDVI 

The Normalized Difference Vegetation Index is a simple numerical indicator that can 

be used to analyze remote sensing measurements, typically but not necessarily from a space 

platform, and assess whether the target being observed contains live green vegetation or not. 

NDVI was one of the most successful of many attempts to simply and quickly identify 

vegetated areas and their "condition," and it remains the most well-known and used index to 

detect live green plant canopies in multispectral remote sensing data. Once the feasibility to 
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detect vegetation had been demonstrated, users tended to also use the NDVI to quantify the 

photosynthetic capacity of plant canopies. Live green plants absorb solar radiation in 

the photosynthetically active radiation (PAR) spectral region, which they use as a source of 

energy in the process of photosynthesis. Leaf cells have also evolved to scatter (i.e., reflect 

and transmit) solar radiation in the near-infrared spectral region (which carries approximately 

half of the total incoming solar energy), because the energy level per photon in that domain 

(wavelengths longer than about 700 nanometers) is not sufficient to be useful to synthesize 

organic molecules. A strong absorption at these wavelengths would only result in over-

heating the plant and possibly damaging the tissues. Hence, live green plants appear 

relatively dark in the PAR and relatively bright in the near-infrared. 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. Since early instruments of Earth Observation, such 

as NASA's ERTS and NOAA's AVHRR, acquired data in visible and near-infrared, it was 

natural to exploit the strong differences in plant reflectance to determine their spatial 

distribution in these satellite images. The NDVI is calculated as    NDVI = (NIR - VIS) / 

(NIR + VIS) where VIS and NIR stand for the spectral reflectance measurements acquired in 

the visible (red) and near-infrared regions, respectively. 

4.1.2 Multi Temporal NDVI Generation 

The main aim of using MODIS Imagery was to generate a time lapse animation of the 

project area in two different time scales. One being on a monthly scale from January through 

December for the year 2009 and the other on a yearly scale from 2000 – 2010. Field survey 
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was done during the year 2009 and this is the main reason for using this period on a monthly 

time scale. MOD13Q1 land product of MODIS was used to generate NDVI values on both 

time scales. Process typically consisted of downloading raw data from Global Land Cover 

Facility (GLCF) website. Raw MOD13Q1 data consisted of 12 bands of which Band 1 

constitutes 250m 16 days red reflectance and Band 2 constitutes 250m 16 days NIR 

reflectance.  Since the main objective of using MODIS data was to produce NDVI, bands 1 

and 2 are only extracted using subset tool available in ArcGIS software. Data was then 

clipped out to the area of concern and NDVI was generated using the formula described 

above. The raw data comes with a sinusoidal projection which was later reprojected to WGS 

1984 to keep things simple. Animation was done on NDVI generated images using windows 

movie maker to produce time lapse video. This methodology of generating time lapse video 

was used for both time lapse scenarios. The video is uploaded in YouTube to use the services 

of free broadcasting.  
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Figure 17 Flow Chart of NDVI Extraction from MOD13Q1 



35 
 

 

            

 

 Figure 18 Monthly NDVI in 2009 (top), Yearly 2000-2010 NDVI (bottom) 
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4.2 Classification on Landsat 

Two of the most common uses of satellite images are mapping landcover via image 

classification and landcover change via change detection. In order to make use of the 

multitude of digital data available from satellite imagery, it must be processed in a manner 

that is suitable for the end user. For many projects this processing includes categorizing the 

land into its various use functions. There are two main categories that can be used to achieve 

this outcome and they are called Supervised and Unsupervised Classification techniques. In 

supervised land classification, the individual processing the imagery guides the image 

processing software to help it decide how to classify certain features. This is done by the use 

of a vector layer containing training polygons. In unsupervised classification, the software 

does most of the processing on its own generally resulting in more use categories than the 

user is interested in. This is the point where the user has to make decisions on which 

categories can be grouped together into a single land use category. In either case additional 

image processing may be used to help determine which method is better for a given situation. 

It must be kept in mind that maps are simple attempts to represent what actually exists in the 

world and are never completely accurate.  A supervised classification was performed on the 

Landsat 7 Image. ArcGIS 10 Image Classification extension was used to classify the image. 

The image was classified into 7 classes namely water, wetlands, dry land, shallow water, bare 

land, vegetation and desert.  
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4.2.1 Process of Classification 

 

Figure 19 Ten step supervised classification 
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4.2.1.1 Data Exploration 

The classification analysis is based on the assumption that the band data and the 

training sample data follow normal distribution. To check the distribution of the data in a 

band, an interactive Histogram tool was used. To check the distribution of individual training 

samples, Histogram tool on the Training Sample Manager (Image Classification extension, 

ArcGIS 10) was used.  

4.2.1.2 Transformation of Band Data 

If the data from a band does not follow normal distribution (for example, it shows a 

bimodal, multimodal, or severely skewed histogram), you can apply transformation to the 

data. To transform data, we could use the mathematical tools of the Spatial Analyst toolbox. 

For example, the Log10 tool can be used to apply a logarithmic transformation to an input 

band.  

4.2.1.3 Stretching of Band Data 

The classification process is sensitive to the range of values in each band. To have the 

attributes of each band considered equally, the value range for each band should be similar. If 

the value range of one band is too small (or too large) relative to the other bands, we can use 

the mathematical tools in the Spatial Analyst toolbox to stretch it. For example, we can use 

the times math tool to multiply the band with a constant value to stretch its value range.  

4.2.1.4 Principal Component Analysis 

Principal component analysis transforms a multiband image to remove correlation 

among the bands. The information in the output image is mainly concentrated in the first few 

bands. By enhancing the first few bands, more details can be seen in the image when it is 
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displayed in ArcMap. This could be helpful for collecting training samples. The Principal 

Components tool from the Multivariate toolset allows you to perform principal component 

analysis.  

4.2.1.5 Creating a Multiband Image 

 

 

Figure 20 Creation of Multiband Imagery 

This creates a single raster dataset from multiple bands and can also create a raster 

dataset using only a subset of bands. We can create a raster dataset containing subset of the 

original raster dataset bands. This is useful if you need to create a new raster dataset with a 

specific band combination and order. The order that the bands are listed in the multi-value 

input control box will determine the order of the bands in the output raster dataset. The 

output raster dataset takes the cell size from the first raster band in the list.  
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To use only certain bands from an existing dataset for the classification, we could create a 

new raster layer for them using the Make Raster Layer tool. The new raster layer will contain 

only the specified subset of bands, and can be used in the Image Classification toolbar. 

4.2.1.6 Collecting Training Samples 

In supervised classification, training samples are used to identify classes and calculate 

their signatures. Training samples can be created interactively using the training sample 

drawing tools on the Image Classification toolbar. Creating a training sample is similar to 

drawing a graphic in ArcMap except training sample shapes are managed with Training 

Sample Manager instead of in an ArcMap graphic layer. To create a training sample, select 

one of the training sample drawing tools (for example, the polygon tool) on the Image 

Classification toolbar and draw on the input image layer. The number of pixels in each 

training sample should not be too small or too large. If the training sample is too small, it 

may not provide enough information to adequately create the class signature. If the training 

sample is too large, you might include pixels that are not part of that class. If the number of 

bands in the image is n, the optimal number of pixels for each training sample would be 

between 10n and 100n. 

4.2.1.7 Evaluating Training Samples 

When training samples are drawn in the display, new classes are automatically 

created in the Training Sample Manager. The manager provides us with three tools to 

evaluate the training samples – the histogram tool, the scatterplots tool, and the statistics tool.  

We can use these tools to explore the spectral characteristics of different areas. We can also 

use these tools to evaluate training samples to see if there is enough separation between the 

classes. 
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4.2.1.8 Editing Classes 

Depending on the outcome of the training sample evaluation, we may need to merge 

the classes that are overlapping each other into one class. This can be done using the Merge 

tool in the manager window. In addition, we can also rename or renumber a class, change the 

display color, split a class, delete classes, save and load training samples, and so forth. 

4.2.1.9 Creating a Signature File 

Once it is determined that the training samples are representative of the desired 

classes and are distinguishable from one another, a signature file can be created using the 

create signature file tool. 

4.2.1.10 Applying Classification 

To classify the image, the Maximum Likelihood Classification tool was used. This 

tool is based on the maximum likelihood probability theory. It assigns each pixel to one of 

the different classes based on the means and variances of the class signatures (stored in a 

signature file). 

 

4.2.1.11 Post-Classification Processing 

The classified image created by the Maximum Likelihood Classification tool may 

misclassify certain cells (random noise) and create small invalid regions. To improve 

classification, we may want to reclassify these misclassified cells to a class or cluster that is 

immediately surrounding them. The most commonly used techniques to clean up the 

classified image include filtering, smoothing class boundaries, and removing small isolated 

regions. A more visually appealing map results from the data cleanup tools such filtering the 

classified output, smoothing class boundaries, generalizing output by removing small isolated 
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regions. After the filtering and smoothing process, the classified image should be much 

cleaner than before. However, there may still be some isolated small regions on the classified 

image. The generalizing process further cleans up the image by removing such small regions 

from the image. This is a multi-step process which involves several Spatial Analyst tools.  
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Figure 21 Classification of Lake Chad Basin on Landsat 7 Image 
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4.3 CLASSIFICATION ON QUICKBIRD 

The same process of classification was applied on quickbird imagery of a small area which is 

a hub to invasive vegetation.  

 

Figure 22 Classification of Quickbird Imagery 
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CHAPTER 5 

          RESULTS & DISCUSSION 

 The main objective of the present study was to identify the invasive weed named 

Kachalla and possibly map the extent of the species in Lake Chad Basin using satellite 

remote sensing technology. While mapping Kachalla for the entire Lake Chad Basin was 

little challenging considering the limitations of the project such as lack of ground truth data, 

but a significant attempt was made to point out the possible locations of Kachalla based on 

the ground truth data pulled out from literature review of past findings and survey. Since 

every satellite has its own specification, the research used data from three satellites   

  5.1 Vegetation Change 

Satellite images were obtained for the period 2000 to 2010 and supervised 

classification was conducted at different scales. MODIS and LANDSAT images were 

classified for the entire Lake Chad Basin. Identifying Invasive species on this medium 

resolution imagery is pretty challenging. This is because when ground truth was conducted 

for a small portion of Lake Chad Basin, the weed was observed as discrete patches but not as 

a continuous one. Since the resolutions of the images were 30 meters (LANDSAT) and 250 

meters (MODIS), the weed would cover an area of one or two pixels by far at one location. 

So processing with less than minimum number of pixels would result in a wrong 

classification. NDVI was the best option to look for overall vegetation growth. Since ground 

truth was conducted during July of 2009, monthly NDVI calculations were run to suggest a 

good time of a year to identify the weed. From figure 23, it is evident that monsoon 

vegetation starts to grow during July and there is a significant difference in vegetation cover 

from this month compared to the previous months.  
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Figure 23 Monthly NDVI Classification on MOD13GQ for the year 2009 

 

 On a decadal temporal scale it is evident that the southern portion of the Lake Chad 

Basin is always and mostly covered with vegetation and the presence of vegetation fluctuates 

yearly on the northern part. The area experienced a decrease in vegetation from 2000 through 

2003 before picking up again from 2004 through 2008.  
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Figure 24 Yearly NDVI on MOD13GQ from 2000-2010 

      

5.2 Land Use Land Cover Change  

 The entire image was downloaded as four individual pieces which was then 

preprocessed to make it ready to classify. Supervised classification was conducted and 7 

classes have been derived from that. The image in figure 22 clearly points out the drying of 

the lake and resulting newly formed islands. Literature review explains that the lake 

diminished to 90 percent of its original size which is evident from the classification. Many 

new islands are pointed out in the image because of their spectral significance from other 

land bodies. Thick vegetation is observed in the southern part of the lake. The image also 

explains that ―desertification‖ is prevailing in this region which is consistent with literature 

review on desertification. Detailed analysis on the spectral significance of the desert class 

would further enhance this research.  
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    5.3 Possible locations of Kachalla weed 

It was decided that a satellite image be purchased for the period August of 2009 since 

field trip was conducted during then. Figure 13 gives a general view of where the high 

resolution imagery belongs on the Lake Chad Basin. Due to cost constraints, the image 

purchased covers an area of only 1 percent of the entire Lake Chad Basin. The image was 

then preprocessed for any atmospheric errors and was later classified to give an overview. 

Figure 22 shows a classified view of the imagery. The figure represents 5 different classes. 

When a survey was conducted, an inventory of 36 points were collected of which only 4 

spots represent the weed which had been a menace in the study area hampering many 

activities both economic and otherwise. This made the research a little more challenging to 

locate it on a large spatial extent. Case studies explain that a least of 250 points are needed to 

accurately classify a type. So the research was limited to locating the possible places where 

the weed is present based on the ground survey instead of classifying the weed explicitly. 

The dotted symbols on the Figure 25 explain the possible locations of the weed marked in red 

which is strictly based on the survey conducted and literature review. Spatial distribution 

presented here covers the field observations from the survey only. The weed was initially a 

pure water hyacinth but later due to its tough invasive nature it spread to the wetlands a long 

way.  
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Figure 25 Quickbird Imagery with possible locations of Kachalla weed 
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CHAPTER 6 

         CONCLUSION 

The study used satellite data from three different satellite sensors with each having its 

own advantages and limitations. So the conclusion is divided into three categories 

respectively based on satellite sensors. 

MODIS:  

On a monthly scale, the study concludes that monsoon vegetation is at its peak during 

the months of August and September and then significantly decreases during October and 

November months. This show that July, August, September and October months is not a 

good time to identify the weed because it is dominated by the local monsoon vegetation 

during these months which makes it hard to spectrally differentiate vegetation. 

On a yearly scale, the study observed local vegetation vigor to be the highest in 2008 

and 2010. It also showed that vegetation remained constant in the southern part of the basin 

and tends to fluctuate in the northern part year by year. This is an important derivation from 

this content which could be potentially looked into for further research. 

LANDSAT: 

The study found that many small islands were being formed on the lake during the 

last twenty years which clearly proves that water is desiccating at an enormous rate. There 

are many reasons such as climate change leading to change in evaporation, man-made 

activities, hydrological conditions which support the shrinking of the lake. One important 
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activity this study brought to light was ―Desertification‖. It is clearly visible from the derived 

classification that the desert is encroaching its way in to the lake and to the southern regions.  

QUICKBIRD:  

Due to the high resolution nature of this image, the possible locations of Kachalla was 

pointed out which can give an essence of the overall spatial extent of the weed. Deriving a 

separate class was not possible in this study due to limitations as discussed in the future 

implications topic. 

 Scope for further research  

 Based on the research done so far, some of the factors to be considered for further 

detailed work in the direction of finding invasive species or feature extraction are listed 

below in decreasing order of importance. 

(1) Hyperspectral Data- With the use of hyperspectral data we get an opportunity to deal 

with more spectral values which could be put for good use to identify invasive 

species. This is because all green plants tend to stay in the same spectral range with 

minute differences and by using hyperspectral imagery there is a great potential to 

odd out a particular plant.  

(2) Ground Truth Data- It is proved that more ground truth would result in better 

accuracy. More ground truth would be needed if the area of concern increases, if 

resolution is medium or low and if the target is too small and discrete.  
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(3) Image Fusion- This technique is a recent one and has been implemented by a few and 

it states to be a good technique during feature extraction. This technique was 

implemented partly in this research to merge panchromatic data to with multi spectral 

data to increase the resolution of multispectral data.  

(4) Extending Temporal Resolution: The current research used a temporal resolution of 

10 years from 2000-2010. Further analysis needs even better temporal resolution to 

enhance research findings and to induce in the concept. 

(5) Merging different data: There is a great potential to enhance the research activity in 

finding invasive species when bringing data from various sources related to the 

growth and prevention of weeds. Studying how data like weather, precipitation will 

play a role in the growth of invasive species can further help us find many hidden 

answers.  
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