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ABSTRACT  

Shorelines are one of the most important linear features on the earth’s surface, with a dynamic 

nature. They change shape and position over multiple spatial and temporal scales with water levels 

serving as a key indicator to characterize the expansion or shrinkage of lakes. There has been an 

uncontrolled increase in the water levels in Lake Victoria and this has ultimately contributed to the 

lake shoreline variation. This has in turn led to occurrence of unpredictable flooding along the lake 

shores and bursting of the lake shoreline claiming people’s property. Therefore, Environment 

Management authorities such as NEMA require accurate and up-to-date information about the 

shoreline changes.  

The main objective of this study was to assess the spatial-temporal variations of Lake Victoria 

shoreline in Southern Buganda Sub region for the period of 2015 to 2021 using microwave remote 

sensing. The study also assessed the performance of HH and VH polarizations in shoreline 

delineation. Different image processing techniques such as thresholding and band math were used 

in both SNAP and ArcGIS software. Based on the DSAS evaluation statistics, VH polarization 

performed a better delineation of the shoreline than HH polarization. The study also found that the 

Lake shoreline in Southern Buganda Sub-region generally underwent low erosion rates ranging 

from 0.5m/yr to 2m/yr, entirely observed in the sub counties of Buwunga, Kyanamukaaka, and 

Kabira. High erosion rates of above 5m/yr were observed in some areas in Bukakata and Kyebe 

Sub-County.  
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CHAPTER ONE: INTRODUCTION  

1.1  BACKGROUND   

Although lakes comprise a small portion of the earth’s surface, they are not only an important 

component of the global hydrological, biogeochemical and ecological processes but also as are 

critical water sources for terrestrial ecosystems, human welfare, agricultural production, and 

industrial consumption (Verpoorter et al., 2014). Water levels serve as a key indicator to 

characterize the expansion or shrinkage of lakes (Williamson et al., 2009). In recent years, many 

lakes experienced remarkable changes caused by natural factors (e.g., river discharge, precipitation 

and evaporation) and human activities e.g. agriculture (Pekel et al., 2016). Hence, estimating the 

global lake water level change is a basic and crucial scientific research for lake shoreline variation 

assessment, and therefore important for water resource management, ecological sustainability, and 

decision making. Some studies have reported the water levels (and water volumes) of large lakes 

at a global scale (Crétaux et al., 2011; Busker et al., 2019), lacking numerous small lakes especially 

the lakes smaller than 1 km2. However, accurate information on global lake water level changes is 

scarce and inconsistent across the spatial-temporal scale (Xu et al., 2020). Satellite altimeter data 

have been widely used for monitoring lake level change owing to its large spatial coverage, long 

temporal span, and relatively low cost compared with traditional water level gauges. In a study 

conducted by Xu et.,al, (2020), on increasing water levels of global lakes, it was concluded that 

based on the estimation from 14 981 lakes, 58.68% of global lakes increased and 41.32% of those 

decreased in water level between 2003 and 2009. The average lake increase rate was found to be 

0.013 m/year. The majority of lakes underwent an increasing trend in water levels and expanded 

their areas slightly rather than shrink for the six years. Water level changes were observed to vary 

between lakes and reservoirs across the globe.  

The lake Victoria basin supports about 30 million people and the population in the catchment is 

growing rapidly, with the lake itself attracting people because of the economic opportunities it 

offers (Daniel-Erasmus, 2013). Due to this increasing population, the lake's surrounding forest 

cover has been cleared for settlement, business and agricultural purposes. The clearing of the 

vegetation in the lake’s surrounding has contributed to the lake shoreline erosion. Though 

perennial horticultural areas are well-managed with perennial cover and runoff control, many other 
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areas with annual crops (such as maize) do not retain ground cover. Large areas have been exposed 

to extreme soil erosion as a result of the poor land management practices. (Daniel-Erasmus, 2013). 

Also there has been an uncontrolled increase in the water levels in Lake Victoria and this has 

ultimately contributed to the lake shoreline variation. The variation in the water levels has been 

attributed to torrential rain factors that has been continuously pounding the country for several 

months and all the above mentioned factors that have left the soils bare and easily washed away 

by the lake waters. This has in turn led to occurrence of unpredictable flooding along the lake 

shores and bursting of the lake shoreline, claiming people’s property such as homesteads, business 

structures, crops, and so many others. This can be attributed to lack of information on the spatial 

variations of the lake shoreline and so this research aims at availing information on the shoreline 

spatial variation so as spatial locations with a rate of shoreline variation can be identified, since 

these are the areas prone to shore flooding, and so informed decisions can be made.  

1.2  PROBLEM STATEMENT   

Communities at the shoreline of Lake Victoria are struggling to cope with varying Lake Shoreline 

due to the rising water levels as the existing infrastructure such as houses, mosques/churches, 

recreation areas, and crops are being damaged and washed away. This has caused distress from 

business facilities, residential premises, farmers and other premises along the lakeshore as result 

of the variation in the lake shoreline.  In most of these instances, the environment management 

authorities don’t have accurate and up-to-date information on these shoreline variations, so as to 

identify flood risk areas and this results in severe effects such as destruction of property. The 

impact of these hazards can be reduced by assessing the spatial shoreline rates of change to identify 

the flood risk areas for prior preparation to minimize the adverse effects. The provision of reliable 

and up-to-date information on the state and degree of spatial change is a requirement for efficient 

management of these environmentally sensitive areas. This research aims at availing information 

on spatial variation of Lake Victoria shoreline for the identification of flood risk areas along the 

shoreline.   
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1.3  JUSTIFICATION  

Shore flooding has had a negative impact on the socio-economic being of the populations 

occupying and conducting business in the catchment localities, which later costs the government 

in resettling and compensating the affected individuals. Information on the spatial variation of the 

lake shoreline would aid the government in making informed planning inshore management, 

improve safety for shore populations, reduce risk to buildings, business and infrastructure, 

monitoring shore erosion and hence managing the hazards, such as sudden flooding, that come 

with the shoreline shifts for the improvement of socio-economic well-being of the people.  

Environmental management Authorities of the administrative areas with water bodies stand to 

benefit from this research since it builds on their information base and also inform decisions.  

1.4  OBJECTIVES   

Main Objective   

The aim of this study is to assess the spatial-temporal Lake Victoria shoreline variations using 

microwave remote sensing.  

Specific Objectives  

1. To evaluate the performance of the HH and VH polarizations in shoreline extraction.  

2. To obtain the spatial annual rates of change of the shoreline.  
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1.5  STUDY AREA  

Southern Buganda Lake Victoria shoreline was selected as study area. This portion of the Lake 

Victoria shoreline is located in the Southeast Region of Uganda, its geographical coordinate has 

the range of the longitude (31o43’45”E–33o17’11”E) and latitude (0o58’02”S–0o25’16”S). The 

shoreline is covered by six sub counties of Masaka District and Kyotera Districts. These sub 

counties include, Bukakata, Buwunga, Kyanamukaaka, Kyesiiga, Kabira, and Kyebe.  

 

Figure 1 Map showing the study shoreline  

    

  

  

  

  

  

  

  



14 | C h a p t e r T w o  

  

CHAPTER TWO: LITERATURE REVIEW  

2.1  INTRODUCTION  

A shoreline is defined as the line of contact between land and the water body. It is one of the most 

important linear features on the earth’s surface, which has a dynamic nature. Shorelines are always 

changing due to phenomena related to both climate changes and urbanization. Hence, shoreline 

observation is of paramount importance for several applications including safe navigation and 

management of areas that are economically and environmentally important, such as fisheries, oil 

and landing sites, tourist sites, wildlife habitats, etc. As a result, having access to up-to-date 

information on its current state is extremely valuable. Shoreline change is caused by the processes 

of erosion, accretion, sedimentation, patterns of wind, wave and sea-level rise.  

Accurate and up-to-date information on shoreline change magnitudes can help researchers in a 

large range of shoreline studies such as the erosion–accretion aspects, shoreline defence designing, 

prediction of shoreline future positions, hazard zoning, environment protection, safe navigation, 

and sustainable shoreline resources management. Shorelines have a distinctive combination of 

physical features related to their form, geographical area affiliation to the ocean and recurrent event 

regime. The shoreline is an associate in nursing indicator of environmental modification showing 

changes inshore conditions like stream method and sediment provide. The position of the shoreline 

keeps dynamic because of natural and phylogeny factor-like water-Waves, storms and tides, erode 

and reshape the shoreline. Increasing human activities within the shore zones like the event of 

residential areas, industries, traveller destinations and also the construction of harbours and jetties 

cause large changes of shorelines. Additionally, the disturbance in sediment transport processes 

that provide sediment to the shorelines could cause erosion and shoreline inundation that more 

contribute to the modification in shoreline positions (Sari and Bijker, 2020) thus, observation of 

Spatio-temporal changes of the shore setting is vital. It will facilitate grasping the spatial 

distribution of shoreline erosion, to predict the trends and to support analysis on shoreline erosion 

and its countermeasures (Sari and Bijker, 2020). Moreover, there's a variety of human innervation 

like pollution, industrial and residential development, recreation and different activities within the 

shoreline geographical area (Raj et al., 2019). To sustainably develop such activities, various 

studies and research about the shoreline dynamics have to be conducted to establish in situ the 
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management and developmental plans for shore zones. Such info is very important for the 

management and restoration of the shoreline waters and sandy beaches.   

Lake Victoria is located in Tanzania (49%), Uganda (45%), and Kenya (6%). Lake Victoria Basin 

(LVB), part of the Nile River Basin, occupies an area of 194,000 km2, which is jointly shared by 

Tanzania (44 percent), Kenya (22 percent), Uganda (16 percent), Rwanda (11 percent), and 

Burundi (7 percent) (World Bank, 2018). Rwanda and Burundi are a part of the upper watershed 

draining into Lake Victoria through the Kagera river. The lake is the headwater of the White Nile 

(World Bank, 2018). The lake Basin is home to around 45 million inhabitants, with an estimated 

population density of 300 persons per km2, much higher than Africa’s average of 36 persons per 

km2 (World Bank, 2018).  

Poverty is pervasive in the Basin, and most of the poor in the Basin rely on natural resources for 

their livelihoods and the dense population increases pressure on land, forests, catchments and the  

Lake itself (World Bank, 2018). Over 80 percent of LVB’s population rely on agricultural and 

livestock activities for their livelihoods and more than 60 percent of the population depends on 

rain fed agriculture, which generates between 30-40 percent of the regional GDP (World Bank, 

2018).  

In Uganda, section 107 of the National Environment Act Cap 153 stipulates National  

Environment management (Wetlands, River Banks and Lake Shores Management) regulations  

No. 3/2000. Some of these include;  

(1) Lakes specified in the Seventh Schedule 1  to these Regulations shall have a 

protected zone of two hundred meters measured from the low water mark.   

(2) All shores of lakes not specified in the Seventh Schedule shall have a protected 

zone of one hundred meters from the low water mark.   

Penalties  

(1) Any person found guilty of an offence under these Regulations is liable on 

conviction to imprisonment of not less than three months or to a fine not exceeding 

three million or both.   

 
1 1. L.Victoria,  2. L. Kyoga,  3. L. Albert,  4. L. Edward,  5. L. George,  6. L. Bisina,  7. L. Mburo,  8. L. Bunyonyi,  9. L. Kijanibarora,  

10. L. Kwania,  11. L. Wamala,  12. L. Mutanda,  13. L. Marebe,  14. L. Opeta,  15. L. Nabugabo,  16. L. Nkugute,  17. L. Katunga,  18. 

L. Nyabihoko,  19. L. Nakivale.  
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(2) In addition to the sentence provided for in sub-regulation (1), a person found 

guilty may be required to carry out community work that promotes the conservation 

of wetlands.  

(3) No activity shall be permitted within protected zones without the written 

authority of the Executive Director.  

Despite the existence of these regulations, people have gone ahead to settle and carry on 

economic activities in the lake shores. This can be attributed to the lack enforceability and 

implementation of the regulations by the environment committees.  

Shoreline Dynamics  

The condition of the shoreline represents a pattern in the position of the shoreline and can be 

divided into three groups. Eroding (shoreline retreating landward), Equilibrium (shoreline 

generally stable) and Accreting (shoreline extending seaward). These three states are related to key 

factors, namely, sediment supply to the beach, wave energy, water-level change, location of 

shoreline and man-made modification to the shoreline (Salghuna and Bharathvaj, 2015). The Lake 

Victoria basin has 87 large towns (51 in Kenya, 30 in Tanzania, and 6 in Uganda) and 68 major 

factories (16 in Kenya, 34 in Tanzania, and 18 in Uganda), all of which contribute to pollutant 

loading in the lake (COWI 2002). This also contributes to the shoreline accretion.  

2.1.1  Causes of shoreline changes   

Shorelines are changing globally at an increase in rate as a result of natural physical events and 

human activities in development. Natural features such as sediment supply, wave energy, and sea 

level are the primary causes of coastal changes, whereas human activities are catalysts causing 

imbalance conditions that increase the rate of changes. (Yadav and Dodamani, 2019).  a) Natural 

factors   

Elkafrawy et al. (2020) and Kankara et al. (2015) mentioned active erosion and accretion processes 

as the major causes of the shoreline changes. The evolution of shoreline systems is governed by 

various factors including but not limited to; morphology and geology of the catchment, the size of 

the catchment area,  and the nature of the sedimentation basin (ChenthamilSelvan, Kankara and 

Rajan, 2014). littoral transport has also played a major role in shoreline changes, through moving 

eroded material in the shore zones employing waves and currents in the nearshore zone (Misra and 
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Balaji, 2015). Wind, waves and currents are such natural driving forces responsible for the easy 

movement of unconsolidated sand and soils in the shore area hence resulting in rapid changes in 

the shoreline position (ChenthamilSelvan, Kankara and Rajan, 2014). The other problematic factor 

as stated by Djanat (2015) is the abrasion process. Abrasion usually erodes the shoreline, causing 

losses of residential land in the shore zones.  Furthermore, uncontrolled sediment accretion is 

dangerous in that it can reach the tip of the breakwater of the cooling water intake basin hence 

necessitating extensive dredging inside the basin. (Zed, Soliman and Yassin, 2018). Sandy beaches 

along the shore zones have been affected by shoreline retreat originating from the sedimentation 

imbalance that fluctuates with variations in precipitation patterns and the obstruction of sediment 

flow (Amrouni, Hzami and Heggy, 2019).  

 i)  Wave action   

Wind-driven waves are a key source of shoreline erosion along the Lakes shoreline zones. This is 

due to various factors affecting wave height, period and length such as fetch, length of time the 

wind blows, speed of the wind, water depth and the distance the wave have travelled from the 

wave’s origination. (York and Grant, n.d) stated that, “As a wave approaches shallow water, the 

wave shoals (increase in wave height). Bottom friction compresses the wavelength, which in turn 

increments the wave stature until the water profundity is deficiently to bolster the stature. Breaking 

typically occurs when the wave height is approximately 80% of the water depth. As a wave breaks, 

it disturbs the sand at the bottom of the ocean, which can then be shifted. Waves breaking closer 

to the shore on a steeply sloping shore cause more erosion than on a gently sloping shore”.  

Wave action mechanisms involve the interaction between and water surfaces that develop as well 

in the deep ocean, estuaries, lake basins, and in very small ponds. Waves reach specific heights 

(H) and periods depending on the wind velocity, main direction, and fetch (T). These variables, as 

well as the angle of the crest with the shoreline at the breaker zone, influence the severity of the 

wave effect on a coast. Sediment transport is often induced by waves, both natural and alongshore. 

Only when waves reach moderate and, more importantly, shallow waters are they successful at 

transporting sediment. These conditions, on the other hand, are a function of the wavelength and 

the local depth. Nevertheless, waves are always important as a mixing mechanism, especially on 

the surface layer, allowing the homogenization of the water column (Perillo and Piccolo, 2011).  

They are concentrated within the surf and swash zones on the beaches. The key mechanism of 

material movement from erosional to depositional locations along the coast is sediment transport.  
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It is an effective mode of sediment redistribution from rivers, and it can also help introduce 

sediment into estuary mouths. Littoral transport influences the development of different types of 

barriers.  

 ii)  Currents Action   

Currents create in lakes from winds over the surface and from temperature designs and bathymetry 

together with the Coriolis “force”. The current qualities and bearings shift each diminutive, but in 

common they show a counterclockwise design. Water is exceptionally shallow lakes that are 

subjected to solid winds may be heaped against the lee shore to such a degree that countercurrents 

will create from along the lee shore around each side of the lake. The cutting impacts of these 

streams are known as end-current disintegration and may characteristically modify the shape of a 

lake habitually subjected to winds from a specific course.  

b) Anthropogenic factors   

Human activities   

Human variables impacting shoreline alter is synonymous with human effect on coastal forms. It 

is the third candidate expected to be driving shoreline to alter. Human obstructions with coastal 

handle discourage the common stream of silt inside the coastal framework. A few ways by which 

human meddled with coastal forms incorporate the anthropogenic intercessions on normal dregs 

transport forms along the coast. Blocking of silt provided by waterways from coming to the coasts 

(Walling, 2006), the expulsion of shoreline fabric, and stresses forced on the coast by the human 

populace. The yearly populace development around Lake Victoria is ≈3.8% driving to the 

infringement of swamps encompassing the lake in arrange to clear more arrive for settlements and 

nourishment arrangement. The impact of overwhelming clearance contributed to the vanishing of 

water lilies and other sea-going weeds (Njiru et al., 2008). The other human exercises within the 

shoreline zones for case; the advancement of private regions, businesses, visitor goals and the 

development of harbours and piers are vital for gigantic changes of shorelines(Sari and Bijker, 

2020)  

Sedimentation mining along the shore zones   

Shoreline sand mining could be a hone where sand is extricated from beaches, inland dunes dug 

from lakes and stream beds. Sand mining from shore zones waterway channels and around the surf 

zone contributes colossally to shoreline alter and the ensuing disintegration of the coast. Although 
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sand mining has been polished over a few a long time and frequently supported by the enactment 

in a few areas, it is denied in numerous places however it is still drilled.  

2.2  REVIEW OF METHODS USED  

Temporal and spatial variation of the shoreline is important for both coastal management and 

engineering design. Numerous techniques have been developed for shoreline detection. The most 

common methods currently used for the identification of the shoreline include:  

2.2.1 Traditional topographical surveys (leveling, surveys with total stations) and 

GPS(Morton et al., 1993): These allow high precision measurements in individual points,  

However, those tools are characterized by a limited area coverage and are costly (Alesheikh, 

Ghorbanali and Nouri, 2007). Practical limitations associated with conventional beach monitoring 

are (1) the long time required to conduct extensive surveys, (2) the common loss of "permanent" 

monuments where the beach is either rapidly eroding or subjected to substantial wave penetration 

during storms, and (3) the aforementioned errors associated with estimating volumetric changes 

from inadequate data(Morton et al., 1993).  

2.2.2  Remote sensing  

Remote sensing is the science and art of acquiring information about an object or phenomenon 

through sensing and recording of reflected or emitted energy, processing and analyzing data 

acquired by a device that is not in physical contact with the object or phenomenon under 

investigation (Mansourpour et al., 2008). Remote sensing permits the collection of systematic and 

multipurpose data and information about three dimensions of real objects. It has the property of 

repeatability, global coverage and Periodic data. It also plays a substantial role for the collection 

of data from inaccessible areas (Zeeshan, and Deshmukh, 2017).  

Remote sensing systems can be categorized into active (e.g. Radar) sensors or passive (e.g. 

Optical) sensors. Active sensors provide their own source energy for illumination, the energy is 

transmitted from the sensor toward the object or surface to be investigated and the sensor detects 

and measures the radiation reflected from that target. The Passive systems measure energy that is 

naturally available or depend on an external energy source e.g. sunlight. The employment of 

remote sensing is becoming more effective in shoreline studies as compared to those available 
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previously (Dellepiane, De Laurentiis and Giordano, 2004). According to the literature, the use of 

satellite imagery for the shoreline study is now the most widely used.  

a) Optical remote sensing  

Optical remote sensing, according to (Mansourpour, et al., 2008), forms images of the earth's 

surface by detecting solar radiation reflected from targets on the ground imagery using visible, 

near infrared, and short-wave infrared sensors. Depending on the number of spectral bands used 

in the imaging process, optical remote sensing systems are divided into different groups. 

Panchromatic imaging system (1 bands), Multispectral imaging system (3-10 bands) Superspectral 

imaging system (10-50 bands) and Hyperspectral imaging system (50-300 bands).   

Typically, optical data are considered due to the straightforward color difference that characterizes 

land and water areas. In a shoreline observation system, optical imagery is easy to interpret. 

Moreover, optical instruments provide products characterized by a spatial resolution varying from 

meters up to several kilometres. The main drawbacks of optical systems rely on the cloud coverage, 

solar illumination and meteorological conditions that may significantly limit their effectiveness 

(Buono et al., 2014).  

b) Microwave remote sensing  

As microwave remote sensing, Radio Detection and Ranging (RADAR) transmits pulses of 

microwave electromagnetic radiation towards the target or area under investigation which are then 

reflected from the illuminated area and are collected by the radar receiver. By precisely measuring 

the strength as well as time between the transmitted and reflected energy, radar is able to determine 

the distance of the reflecting object (Jackson and Apel 2004).   

A radar image records the interaction of energy and objects at the surface of the earth and its 

appearance dependents on many factors such as geometric shape, surface roughness and moisture 

content of the target object, sensor-target geometry and look direction (transmission direction) of 

the radar sensor. The roughness, geometry and moisture content of the earth surface can be 

determined using different pulse intervals, different wavelengths (which range between less than 

1 mm to 1 m), and differential geometry and polarizations of the image (Mansourpour, Rajabi, and 

Rezaee 2008).   

A Synthetic Aperture Radar (SAR) system records both the amplitude and the phase of the 

backscattered radiation of the scene illuminated with microwaves thus making it a coherent 

imaging process. The image it produces is a display of grey tones which are proportional to the 
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amount of backscatter that is received from a target. Targets that produce a large amount of 

backscatter will appear as light grey tones, targets that produce little backscatter will appear as 

dark grey tones, and targets that reflect intermediate amounts of backscatter will appear as 

intermediate grey tones on the radar image. (Mansourpour, Rajabi, and Rezaee 2008).  

Radar shoreline detection techniques in literature  

Lee and Jurkevich (1990) were among the first who detected the shoreline using SAR imagery. 

They proposed a shoreline extraction technique based on Sobel edge detection for a small portion 

of a SEASAT image.  

Mason and Davenport (1996) employed a coarse-fine resolution processing approach to extract the 

shoreline. In their approach, the sea regions were firstly detected as regions of low edge density in 

a low resolution image. Then the area of the image near the shoreline is subjected to more elaborate 

processing at high resolution using an active contour model.  

Liu and Jezek (2004) developed an effective approach for shoreline extraction integrated by Canny 

edge detection and an image segmentation based on a locally adaptive thresholding technique. 

Shu, Li, and Gomes (2010) presented a semi-automated method for shoreline extraction from 

Radarsat-2 imagery. They used a morphological filtering to segment the SAR image into the land 

and the sea. Then a narrow band level segmentation was implemented to refine the segmentation 

and thus determine the shoreline. Segmentation methods can be divided into three categories: 

threshold-based, region-based and edge-based (Zollini et al., 2020).  

Paes, Nunziata, and Miliaccio (2015) proposed a method for shoreline detection from Radarsat-2 

SAR data by using k-means clustering algorithm and canny edge detection filter.  

Liu et al. (2016) presented a method for shoreline extraction for the wide-swath SAR imagery. The 

method used the modified k-means method and an adaptive coarse-fine object-based 

regionmerging  

Spinosa (2018), used a method aimed at the automatic extraction of shoreline edge from 

preprocessed sentinel 1 images. The algorithm performs four steps: despeckling, binarisation, 

morphological operations and edge detection by means of the Canny edge detector  

(MKAORM) which reduces the high computation cost for shoreline extraction from wide-swath 

SAR imagery without losing the accuracy.  
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Modava and Akbarizadeh (2017) utilized a fuzzy clustering with spatial constraints on SAR images 

and then extracted the shoreline by an active contour model. The method was robust against noise 

and showed good performance especially in noisy images.  

The J-Net Dynamic algorithm can be considered an edge operator, as it highlights the edges of the 

image and is part of the active connection matrix (ACM) system, which is a new unsupervised 

artificial adaptive system developed by Semeion Research Institute. The system can automatically 

extract features of the images, edges, tissue differentiation, etc., The J-Net Dynamic exploits the 

dynamic connections between a central pixel and its neighboring pixels. The relationships among 

these latter pixels with their neighbors is also taken into account, so the new image is created 

considering the totality of these contributions at every elaboration cycle.  

Although many image processing techniques have been developed for shoreline extraction based 

on SAR imagery, it is not fully understood to what extent the signal returned from the sea surface 

differs from that from the neighboring land surface. This fundamental but most essential problem 

is one of the key factors for detection of the land-sea boundary since most of shoreline detection 

technique relies on such difference of the returned signal from the land and the sea.  

Advantages of RADAR over Optical Remote Sensing  

Radar remote sensing in compression to optical remote sensing has some advantages. As an active 

remote sensing system, it is a day and night data acquisition system. Considering the behavior of 

electromagnetic waves within the spectrum of RADAR wavelength, it is noted that atmospheric 

characteristics such as cloud, light rain, haze, and smoke has little effect on the acquisition system 

of RADAR data thus making it an all-weather remote sensing system. It can also provide 

subsurface information in addition to surface information since RADAR signals partially penetrate 

into soil and vegetation canopy (Soria-Ruiz, Fernandez-Ordońez, and Woodhouse 2010).  

However, SAR-based shoreline extraction is a very challenging task due to:   

a) Speckle noise, i.e. multiplicative noise that hampers SAR image interpretability.  

b) lack of land/sea contrast that, in addition, depends on both sea state condition and 

land type 2.2.3 Other remote sensing techniques  

Video systems (Harley et al., 2011): The technique is used mainly with a network of fixed 

terrestrial cameras (e.g., ARGUS and Siren) from a few units up to tens, installed at prominent 
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points in the landscape or on specially-positioned supports. They acquire at intervals of up to 10 

Hz, encompassing 180° views and allowing total coverage of about 4–6 km of beach. The acquired 

images are oblique and require orthorectification operations, as well as georeferencing with 

algorithms derived from classical photogrammetry. This a quick and highly precise technique for 

shoreline mapping. However, as a drawback, the technique is much more expensive.  

Aerophotogrammetric/UAV survey (Gonçalves and Henriques, 2015): This does not provide a 

detailed relief, but represents the entire study area at the time of acquisition. Achievable precisions 

are at the centimeter-subcentimeter level, but the costs are high. “Ad hoc” flights must be planned, 

and above all, it is significantly influenced by weather conditions (sunny and minimal wind 

conditions are needed); this leads to limitations on flight seasons. The technique is also time saving 

and costly.  

2.3  RADIOMETRIC AND GEOMETRIC CORRECTION OF SAR DATA  

In order to compensate for some of the errors in the image, satellite images are usually subjected 

to radiometric and Geometric correction.  

2.3.1  Radiometric Calibration  

The operation for converting digital pixel values to radiometrically calibrated SAR backscatter is 

known as SAR image calibration (Filipponi 2019). The SAR images' pixel values are 

radiometrically calibrated to account for the effects of local illuminated area and incidence angle, 

ensuring that the pixel values accurately represent the radar backscatter of the reflecting surface 

(Filipponi 2019). Though uncalibrated SAR imagery is sufficient for qualitative use, calibrated 

SAR images are essential to quantitative use of SAR data like the current study.  

2.3.2  Geometric correction  

Geometric correction is the process of correcting the distortions in an image and transforming it 

so that images from ground or slant range geometry have the properties of a map (Green et al. 

2000; Small et al. 1997). This allows the coordinates of each point on the image to be assigned 

coordinates according to a map projection chosen by the operator (Green et al. 2000; Small et al. 

1997). Geometric corrections that can be applied include slant to ground range correction, 
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registration, and local incident angle correction, if topographic information is available 

(Mansourpour, Rajabi, and Rezaee 2008).  

2.4  SPECKLES  

SAR uses microwave radiation to illuminate the earth's surface. The coherent microwave 

illumination, however, suffers from fading effects result in generating a multiplicative speckle 

noise that corrupts SAR images (Small et al. 2007). Speckle noise is nothing else but variation in 

backscatter from inhomogeneous cells. It is Generated by constructively or destructively 

interference of microwave or millimeter radar waves that ends up producing light and dark 

pixels(Mansourpour, Rajabi, and Rezaee 2008).  

2.4.1  Methods of Reduction of speckle noise in SAR images  

Reducing the effect of speckle noise permits both better discrimination of scene targets and easier 

automatic image segmentation. Generally, speckle noise can be reduced by multi-look processing 

or speckle filtering. Multilooking process is usually done during data acquisition stage while 

speckle reduction by speckle filtering is performed on the image after it is acquired. No matter 

which method is used to reduce the effect of speckle noise, the ideal speckle reduction method 

preserves radiometric information, the edges between different areas and spatial signal variability, 

i.e., textural information (Meenakshi and Punitham 2011).  

Speckle filtering  

Speckle filtering consists of moving a kernel over each pixel in the image and applying a 

mathematical calculation using the pixel values under the kernel and replacing the central pixel 

with the calculated value. The kernel is moved along the image, one pixel at a time until the entire 

image has been covered. By applying the filter, a smoothing effect is achieved and the visual 

appearance of the speckle is reduced (Mansourpour, Rajabi, and Rezaee 2008; Meenakshi and 

Punitham 2011). Speckle filters are categorized in to two i.e. Non- Adaptive filters and Adaptive 

filters.  

Non- adaptive filters take the parameters of the whole image signal into consideration and leave 

out the local properties of the terrain backscatter or the nature of the sensor.  
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Adaptive filters take into account changes in the terrain backscatter's local properties as well as the 

sensor's nature. The speckle noise is assumed to be stationary in these filters, but changes in the 

mean backscatters due to changes in the form of target are taken into account. Adaptive filters 

minimize speckles while maintaining the edges of the image (sharp contrast variation). These 

filters alter the image using statistics derived from each pixel's local environment. The contrast 

stretch for each pixel in an adaptive filter varies depending on the Digital Number (DN) values in 

the surrounding moving kernel. Examples of such filters include mean, median, Lee-Sigma, Local- 

Region, Lee, Gamma MAP  

2.5  LAND/WATER BOUNDARY ENHANCEMENT  

In order to be able to accentuate and identify a land/water boundary, one must come up with some 

criteria to distinguish land from water. Concerning classification, they can be pixel-oriented, based 

on individual pixel classifications or object-oriented—which instead are able to group 

characteristics by aggregation in similar regions or polygons. Among the pixel-oriented 

classification, spectral indices have been successfully used to extract shorelines. In particular, 

water indices (WIs) and vegetation indices (VIs) have been developed, which are obtained by 

combining two or more spectral bands. Although VIs are mainly used for vegetation analysis, they 

have also been tested for shoreline mapping purposes. WIs have been specifically developed for 

water body detection (Zollini et al., 2020).  

For Synthetic Aperture Radar, The contrast between the land and the sea is significantly affected 

by many parameters such as polarization method, land morphology, sea surface conditions, and 

incident angle of the radar.  

2.5.1  Influence of RADAR parameters land/water Boundary Enhancement.  

    a)  Influence of polarimetry on backscattering coefficients  

Some studies indicate that backscattering coefficient under HH and VV polarization is much larger 

than that under HV and VH polarization. HH polarization usually generates the largest contrast of 

backscattering coefficient between the beach and the sea than the other polarization modes and 

therefore, HH-polarized SAR images are recommended for shoreline detection. However, in a 
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study carried out by Zollini et al (2020), the results show that the contrast between sea and land is 

higher using the VH polarization.  

b)  Incident angle on the observed backscattering coefficient  

The Incident angle is the angle between the radar beam and the normal to the ground surface. It is 

found that the backscattering coefficient tends to be high both in the range of lower or higher 

incident angles. It should be noted that the relative magnitude of σL and σW reverses each other 

in the ranges of such lower and higher incident angles where σL (for land) and σW (for water) are 

a function of the incident angle. Rijkswaterstaat (2006) reported that the σS becomes greater than 

σB when the incident angle is smaller than 25° for rough soil surface and 38° for smooth soil 

surface in their theoretical analysis. He further states that an incident angle smaller than 15 degree 

or greater than 45 degrees is preferred for better shoreline detection. However, it is suggested that 

an incident angle within the range from 30° to 50° is preferred for shoreline detection based on 

ALOS-2 SAR data (Wu et al., 2019).  

c) Observation direction  

The difference (σL-σW) of backscattering coefficient between the land and the water, tends to 

yield higher value in the scene with the observation direction of sea-to-land rather than that with 

the land-to-sea observation direction especially on the coasts with coarser beach materials. It is, 

therefore, recommended to select the SAR scenes with sea-to-land observation direction for 

shoreline detection.  

About Sentinel 1  

Sentinel-1 is a satellite project funded by the European Union and carried out by the European  

Space Agency. The SAR system operates within C‐band (5.407 GHz) frequencies in one of four 

acquisition modes: Stripmap (SM), Interferometric Wide swath (IW), Extra‐Wide swath (EW), 

and Wave (WV) with IW being the default mode over land, operating under the TOPSAR (Terrain 

Observation with Progressive Scans SAR) principle (Manavalan, 2018). It is a two-satellite 

constellation with dual-polarization capabilities (HH, VV, HH + HV and VV + VH), giving final 

users the ability to access a large variety of applications, including the monitoring of surface water.  
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2.6  DIGITAL SHORELINE ANALYSIS SYSTEM (DSAS)  

The Digital Shoreline Analysis System (DSAS) is a freely available software application that 

works within the Esri Geographic Information System (ArcGIS) software and was developed by 

United States Geological Survey (USGS). DSAS computes rate-of-change statistics for a time 

series of shoreline vector data. DSAS version 5.0 (v5.0) was released in December 2018 and has 

been tested for compatibility with ArcGIS versions 10.4 and 10.5.   

DSAS casts measurement transects from the baseline that intersect the shoreline vectors. The 

points of intersection provide location and time information used to calculate rates of change. The 

distances from the baseline to each intersection point along a transect are used to compute the 

selected statistics.  

  

Figure 2:    DSAS parameters  

DSAS computes various statistics, including Net Shoreline Movement (NSM), End Point Rate 

(EPR), and Linear Regression Rate (LRR).  

The net shoreline movement (NSM) is the distance between the oldest and the youngest shorelines 

for each transect. The end point rate (EPR) is calculated by dividing the distance of shoreline 

movement by the time elapsed between the oldest and the most recent shoreline. A linear 

regression rate-of-change statistic can be determined by fitting a least-squares regression line to 

all shoreline points for a transect. The linear regression rate is the slope of the line.  
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CHAPTER THREE: METHODOLOGY  

SNAP software was used for the pre-processing and generation of water/non-water images from 

sentinel 1. Subsequent operations were done in ArcGIS 10.5. Sentinel 2 data was entirely processed 

in ArcGIS 10.5.   

  

Figure 3: Methodology flowchart  

Phase 1 of the methodology was first executed and results of the evaluation guided on which 

polarization to consider while downloading the other images in second phase.  
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3.1  PHASE 1    

3.1.1  DATA ACQUISITION  

The datasets used in phase one involved space-born images including; two Sentinel-1 SAR images, 

with single polarizations (HH and VH) for 2021, provided by the European Space Agency (ESA) 

covering the study area considered for the shoreline assessment. A cloud free satellite optical image 

collected by Sentinel‐2 was also acquired to form a basis for the evaluation of the sentinel 1 

polarizations.   

Table 1:     Summary of datasets used in phase 1.  

Mission/satellite  date  Polarization  Source  

Sentinel 1A  10th/07/2021  HH  Copernicus Open Access Hub  

Sentinel 1A  12th/07/2021  VH  Copernicus Open Access Hub  

Sentinel 2  9th/07/2021  ……  United States Geological Survey (USGS)  

  

3.1.2  SENTINEL 1 DATA PREPROCESSING  

      a)    Subsetting  

The level 1 ground range detected (GRD) data provided by sentinel 1 covers a large area which can 

lead to wastage of time when processing, therefore the subset of the image was first obtained by 

clipping showing only the spatial extent of the study area of interest. This was done in the SNAP 

software (Sentinel Application Platform)        b)   Apply Orbit File  

The SNAP application enables for the automatic download and update of orbit state vectors for 

each SAR scene in its product metadata, providing an accurate satellite position and velocity 

information (Filipponi, 2019).  

      c)    Radiometric Calibration  

It is designed so as to convert the digital values of the raw images which represent the pixel values 

of the ground scene into backscattering coefficient (dB) (Bousbih et al., 2017). This was done using 

SNAP (sentinel application platform) software.   

    

d) De-Speckling  

Speckles are not noise but they appear as physical phenomena on radar images which degrades the  
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SAR imagery. It’s caused by random fluctuations of radar signals from objects. It can be reduced 

by filtering. Filtering of speckle was done using a Lee filter with 3 by 3 window size.  

e)    Geometric Correction  

The Range Doppler terrain correction was applied to the SAR data and were intended to 

compensate for the distortions so that the geometric representation of the image is as close as 

possible to the real world.  

3.1.3  SENTINEL 1 DATA PROCESSING  

For all the SAR data, pixel values were converted from their raw units to decibels.  

 i)  Generation of water/Non-water images   

This was done in SNAP software. A thresholding technique was employed in the generation of 

water/non-water images from pre-processed sentinel 1 data. Selection of the threshold value was 

an iterative process, which was done while analyzing histograms of the backscatter.   

The binarized images were exported to a GeoTIFF format for further processing in ArcGIS 

software.  

 ii)  Generation of shoreline maps  

This was done in ArcGIS software. Binarized images were converted to vector using the raster to 

polygon tool in ArcGIS toolbox. Using the trace tool in editor toolbar, Lake Victoria shoreline was 

delineated to generate shoreline maps.  

3.1.4  SENTINEL 2 DATA PREPROCESSING  

      a)    Pan-Sharpening  

Pan-sharpening was applied to downscale the 20-m SWIR band to 10 m by using the 10-m NIR 

band as the PAN-like band. The pan-sharpening technique was done so as to match the SWIR band 

to the 10-m green Band 3. This was done in ArcGIS software 10.5.       b)    Subset and Re-

Projection  

The subset of the study area was obtained and re-projected in order to project it to the same 

coordinate system as sentinel 1 (WSG84 UTM Zone 36N) so as to allow collocation with sentinel  

1.   

Radiometric and atmospheric corrections were also applied to enhance the sentinel 2 images.  
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3.1.5  SENTINEL 2 DATA PROCESSING  

     i)    MNDWI (Modified Normalized Difference Water Index)  

The MNDWI method was applied to extract water areas from the Sentinel-2 image using the green 

and SWIR bands. MNDWI is defined as;  

                                                 

Where;  ρSWIR is the reflectance of the SWIR band ρGreen 

is the reflectance of the Green band    

      ii)    Generation of water/Non-water images   

Binarization of sentinel 2 images was done in ArcGIS software to generate water/Non water images 

using the thresholding technique with 0.2 as threshold value for the MNDWI products.  

The binarized images were filtered using a majority filter, to eliminate isolated piels.       

iii)    Generation of shoreline maps  

This was done in ArcGIS software. Binarized images were converted to vector using the raster to 

polygon tool in ArcGIS toolbox. Using the trace tool in editor toolbar, Lake Victoria shoreline was 

delineated to generate sentinel 2 shoreline maps.  

3.1.6  POLARIZATION EVALUATION  

Digital Shoreline Analysis Sytem (DSAS) version 5.0 was used to generate the valuation statistics 

for the two polarizations. Shorelines extracted from both the HH and VH polarized sentinel 1 

images for the year 2021 were input as shorelines. The shoreline extracted from the sentinel 2 

optical image of the year 2021 was input as the baseline, from which deviations were measured. 

Transects were cast at an interval of 150m. Statistics such as minimum deviation, maximum 

deviation, mean deviation, and standard deviation were generated by DSAS.  

3.2  PHASE 2  

3.2.1  DATA ACQUISITION  

Data used in phase two was based on the evaluation results in phase 1. Three more sentinel 1 SAR 

images of years, 2015, 2017, 2019 were downloaded in the VH polarization, from the European 

Space Agency, for the temporal rates of change. Sentinel 2 images of years, 2015, 2017, 2019, 
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were downloaded from the USGS for purposes of assessing the accuracies of the shorelines 

extracted from sentinel 1 data.  

Table 2:     Summary of datasets used in phase 2  

Mission/satellite  date  Polarization  Source  

Sentinel 1A  12th/07/2021  VH  Copernicus Open Access Hub  

Sentinel 2  9th/07/2021  ……  United States Geological Survey (USGS)  

Sentinel 1A  10th/07/2019  VH  Copernicus Open Access Hub  

Sentinel 2  8th/07/2019  ……  Copernicus Open Access Hub  

Sentinel 1A  8th/07/2017  VH  Copernicus Open Access Hub  

Sentinel 2  11th/07/2017  ……  United States Geological Survey (USGS)  

Sentinel 1A  10th/07/2015  VH  Copernicus Open Access Hub  

Sentinel 2  5th/07/2015  ……  Copernicus Open Access Hub  

  

3.2.2  SENTINEL 1 DATA PREPROCESSING  

Sentinel 1 data preprocessing was performed in SNAP software. The preprocessing operations 

included Subsetting, applying Orbit Files, radiometric calibration, de-Speckling, and geometric 

correction.  

3.2.3  SENTINEL 1 DATA PROCESSING  

Pixel values were converted from their raw units to decibels and water/Non-water images were 

generated in SNAP software by using a thresholding technique. Selection of the threshold value 

was an iterative process, which was done while analyzing histograms of the backscatter. The 

binarized images were exported to a GeoTIFF format for generation of shoreline maps in ArcGIS 

software. The generation of shoreline maps was done by converting the binarized images to vector 

using the raster to polygon tool in ArcGIS toolbox. Using the trace tool in editor toolbar, Lake 

Victoria shoreline was delineated to create the shoreline maps.  
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3.2.4  ACCURACY ASSESSMENT  

The sentinel 2 data for the years 2015, 2017, and 2019 was preprocessed and shoreline maps 

generated to form a basis for assessing the accuracy the SAR derived shorelines for the respective 

years. This was performed in ArcGIS using the Digital Shoreline Analysis System (DSAS) version  

5.0.      

3.2.5  GENERATION OF SPATIAL CHANGE RATES.  

The shoreline spatial change rates were also generated using DSAS version 5.0 extension added to 

ArcGIS. The shorelines extracted from SAR data for the years 2015, 2017, 2019, and 2021 were 

merged into a single shapefile, which was input to DSAS.  

A buffer of 500m was created around the shorelines and the baseline was generated by tracing out 

one side of the buffer extents. The generated baseline was input to DSAS. A buffer distances of 

500m was chosen for purposes of visualization of the spatial rates of change at the sub-county 

scale.  

Transects were created at an interval at of 150m.  

The change rates (LRR) were computed by DSAS and displayed on the maps. The rates were 

generated per sub-county.  
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CHAPTER FOUR: RESULTS AND DISCUSSION  

4.1  OBJECTIVE ONE  

4.1.1  Results  

The shoreline from the SAR data in VH polarization produced a mean deviation of 1.1m from the 

reference shoreline and with a standard deviation of 1.8m while the shoreline from SAR data in 

HH polarization produced a mean deviation of 2.1m from the reference shoreline, with a standard 

deviation of 2.3m as shown by table 3 below.   

Figure 4:   A segment of the shores showing DSAS evaluation output  

  
  

  
Table 3:    Comparative analysis of shorelines from VH and HH polarization  

Statistics  
VH Polarization 

Shoreline  

HH Polarization 

Shoreline  

Minimum deviation  0.5  1.2  

Maximum deviation  2.9  2.8  

Mean deviation  1.1  2.1  

Standard deviation  1.8  2.3  
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4.1.2  Discussion  

From the results obtained, the shoreline from the VH polarized sentinel 1 image was more close 

to the shoreline from sentinel 2 optical data, with low deviation as compared to the shoreline from 

the HH polarized sentinel 1 image. Therefore, the SAR data in VH polarization is much reliable 

in shoreline delineation than SAR data in HH polarization.  
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4.2  OBJECTIVE TWO  

4.2.1  Results  

Results were generated based on the six counties in the districts that cover the study shoreline 

which include Bukakata, Buwungu, Kyanamukaaka, Kyesiiga, Kabira, and Kyebe.  

Bukakata Sub-county  

 

Bukakata sub county had 344 transects in total. The biggest portion of Bukakata shoreline 

underwent low erosion at 262 trasects with a percentage of 76.16%. Low erosion was followed by 

high erosion with 18 transects and with a percentage of 5.23%. 2.33% of its shoreline remained 

stable over the years.  

    

  

Figure  5 :       Statistics for Bukakata Sub - county   
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Buwungu Sub county  

 
Buwunga sub county had a total of 89 transects. At all these transects, low erosion, ranging from 

0.5 m/y to 2 m/yr, was recorded and there was no high erosion, moderate erosion, low accretion 

and Moderate accretion.  
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Kyanamukaaka Sub county  

 

Just like Buwunga Sub county, the entire Kyanamukaaka sub county shoreline underwent low 

erosion of 0.5m/yr to 2m/yr over the period of six years. Kyanamukaaka had a total of 80 

transects, which all indicated a change rate ranging from 0.5m/yr to 2m/yr.   
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Kyesiiga Sub county  

 

A total of 140 transects were recorded along the Kyesiiga shoreline, and out of the 140 transects, 

138 reflected low erosion rates, a percentage of 98.57%. Moderate erosion and Low accretion 

were also recorded two transects, which both indicated 0.71%  
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Kabira Sub county  

 

A total of 75 transects were recorded along the shoreline of Kabira Sub county. At all these trasects, 

low erosion rates were detected over the period of six years as shown by the statistics below.  
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Kyebe Sub county  

 

Kyebe Sub county shoreline had a total of 203 transects, making it second longest after the 

Bukakata sub county shoreline. Out of the 203 transects, 134 recorded low erosion and a 

percentage of 66.01%. This was followed by moderate erosion detected at 27 transects, with a 

percentage of 13.30%. Kyebe had the highest coverage of high erosion rates, recorded at 20 

transects, indicating a percentage of 9.85%   
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4.2.2  Discussion  

Shoreline variations of the lake victoria shoreline in Southern Buganda sub region were also 

examined for a period of six years (2015 to 20121). This was done for each county in southern 

Buganda covering lake victoria shoreline.  

The results show that from the year 2015 to 2021, lake victoria shoreline in southern buganda sub 

region generally underwent low erosion with change rates of 0.5 m/yr to 2 m/yr, with the portion 

of the shoreline in the sub counties of Buwunga, Kabira, and Kyanamukaaka entirely undergoing 

low erosion. This dominant erosion rate could be attributed to the increasing water levels of lake 

victoria which have been reported. Some minimal accretion was observed in Bukakata, Kyebe and 

Kyesiiga.  

Kyebe Sub county shoreline experienced the highest coverage (9.85%) of high erosion rate of 

beyond 5 m/yr followed by Bukakata sub county (5.23%)   

    



  

CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS  

5.1  CONCLUSIONS  

In conclusion, SAR data obtained in VH polarization gives best delineation of shorelines as 

compared to SAR data obtained in the HH polarization, and so, for shoreline study researches 

intended to make use of Synthetic Aperture Radar data, VH polarization should always be adopted.  

The Lake Victoria shoreline in southern Buganda sub region generally underwent change rates 

ranging from 0.5m/yr to 2m/yr in the past six years, indicating low erosion of shoreline, entirely 

observed in the Sub-counties of Buwunga, Kyanamukaaka, and Kabira.  

5.2  RECOMMENDATIONS  

With the ongoing climate change and variations in water levels, environment management 

authorities such as NEMA should consider continuous monitoring of the stability and dynamics of 

shorelines for planning purpose.   

Government should put more emphasis on enforcement of the existing National Environment 

Regulations on the protection zones for lake shores as stipulated by the National Environmental 

Act of 2000, especially in the sub-counties of Bukakata and Kyebe where high erosion rates of 

above 5m/yr were observed.  

Also, with the existence of different prediction models, researchers can incorporate the idea of 

prediction of future Lake Victoria shoreline positions to further build on the body of knowledge.  

  

.  
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