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MAPPING THE SPATIO-TEMPORAL DYNAMICS OF WATER HYACINTH 

(Eichhornia crassipes) IN LAKE TANA AND ITS SURROUNDING AREA, 

ETHIOPIA 

By: 

Esubalew Tesfaye 

Advisors: Dr.Temesgen Gashaw and Dr. Solomon Addisu 

ABSTRACT 

            Water hyacinth (Eichhornia crassipes) is recognized as the most notorious invasive 

species over the world. Although its threats and effects are fully documented, its 

distribution is not yet understood, especially in complex environments, such as river 

systems. Thus, this study was aimed at mapping and understanding the spatio-temporal 

distribution of invasive water hyacinth in Lake Tana, using Landsat 8 OLI and Sentinel-2 

MSI satellite. Training samples were collected for classification (i.e., with Maximum 

likelihood classification algorithm) of the satellite images and accuracy assessment. 

Image preprocessing like image enhancement was carried out before classification. 

Maximum likelihood classification algorithm Supervised image classification technique 

was applied to map spatio- temporal distribution of water hyacinth. The classification 

accuracy assessment result for 2020 was 96% overall accuracy and 0.95 kappa 

coefficient. The result indicated that water hyacinth cover 146.6 ha in 2014, 144.4 ha in 

2016, 162.9ha in 2018 and 248.3ha in 2020. Between 2014 and 2016, the coverage of the 

invasive weed has reduced (0.5%) but increased through 2016 and 2020 periods (2.43%). 

Since the expansion of the weed is extremely fast and a problem for the eco hydrology of 

the lake, therefore appropriate intervention mechanisms should be urgently introduced. 

Keywords:    invasive weed, Lake Tana, mapping, remote sensing, water hyacinth 
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CHAPTER 1.INTRODUCTION 

1.1. Background and Justification 

               Water hyacinth (Eichhornia crassipes) is one of the most widespread invasive species in 

the world, which is very severe in the tropics (Dube et al., 2017b; Thamaga and Dube, 

2018).It is a perennial, herbaceous, free-floating aquatic invasive species. Water hyacinth 

is originated in South America, Amazon Basin (Hill and Coetzee, 2008) and it is identified 

as one of the top ten ecologically dangerous and worst invasive aquatic weed (Téllez et al., 

2008; Patel, 2012). Water hyacinth forms thick free-floating mats that in many cases cover 

entire freshwater surfaces, such as ponds, streams, wetlands, and reservoirs (Thamaga and 

Dube, 2019). These thick mats further raise flood risk by blocking water flows and 

irrigation, obstructing navigation and impair recreational water activities, which limit the 

fantastic of the freshwater ecosystem. Its growth results in different environmental and 

socio-economic effects. For example, the presence of water hyacinth in water can lead to 

hypoxia, degradation of water quality, change in wealth of macro invertebrate and fish 

assemblage, nutrient cycle, loss of biodiversity, and breeding grounds for pests and 

vectors, and disturbs entire food web structure (Dube et al., 2017a&b; Thamaga and Dube, 

2018a &b, 2019; Dersseh, et al. 2019b). Besides, water hyacinth chokes dams or lakes, 

resulting in the markdown of hydropower generation, and promotes water loss via 

evapotranspiration (Hill and Coetzee, 2008; Téllez et al., 2008).In a broader sense, water 

hyacinth affects the functioning of aquatic ecosystems and affects the socioeconomic 

conditions and livelihood of the people (Dersseh, et al. 2019b). 

            Ethiopia, though known as having huge water resources (Goshu et al. 2010), mainly 

depends on inland water resources. Lake Tana, the largest lake in Ethiopia, accounts for 

52% of the inland water surface area and 33% of the total volume of inland water resource 

(88 billion m3) which is more than half of inland water resource of the country (Goshu et 

al. 2010). However, recently the lake is being threatened by many problems, such as poor 

waste management and/or pollution, silt load and the occurrence of invasive alien species 

like water hyacinth (Eichhornia crassipes). Currently, expansion of water hyacinth is 

among the most prominent threats of the lake which is getting a wide media coverage and 

concern. 
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            According to Asmare (2017), water hyacinth incidence in Lake Tana was recognized in 

2011. Starting from its recognition, it continues to flourish year after year. Even if several 

efforts have been made by different parties to control and eradicate the plant, it has 

become difficult to manage it. In order to control aquatic weeds and managed lakes 

effectively, comprehensive and accurate long-term water quality monitoring programs are 

needed and accomplished systematically (Hestin et al. 2008; McCullough et al. 2012; 

Lugo et al. 1998). For the last 5 years, several actions are undertaken by different bodies, 

governmental, non-governmental and local communities to tackle the expansion of the 

weed, yet it regenerates and expands year by year despite these efforts. 
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1.2. Statement of the Problem 

            In Ethiopia, water hyacinth was observed and reported for the first time in 1965 in Lake 

Koka and River Awash, and from there it started to spread to other water bodies (Stroud, 

1991; Zewdie et al., 2008).It is recognized that the invasive water hyacinth invaded Lake 

Tana in 2011(Anteneh et al., 2014&2015). Lake Tana is the largest freshwater Lake in 

Ethiopia and the third largest Lake in the Abay basin (Dile et al., 2013). The Lake is the 

source of the Abay River in the Ethiopian highlands. Because of its strategic location, it 

plays multiple purposes both nationally and in the continent. Due to its enormous water 

resource potential for hydropower and irrigation development, the Ethiopian government 

is launching various development projects to stimulate growth and reduce poverty 

(Anteneh et al., 2015). There are a number of problems in the Lake Tana that are easily 

perceivable. The lake suffers from easily perceivable land, soil and water degradation 

which are manifested in different forms: Sedimentation, clearing of wetland, canalization 

of the tributaries, increased trend of eutrophication, occurrence of invasive species like 

water hyacinth (Eichhornia crassipes) 

            The exact cause and source of the water hyacinth infestation in Lake Tana are not clearly 

known yet but are probably favored by factors such as sedimentation, extensive fertilizer 

application in the agricultural parts of the catchment, and pollutants (nutrients) from the 

surrounding cities (mainly Bahir Dar and Gondar) (Dersseh, et al., 2019a). To control 

water hyacinth, though a tremendous amount of human labor, time and money has been 

exerted each year by both surrounding community and government, its coverage continues 

to escalate (Anteneh et al., 2015). According to this report, water hyacinth affects five 

districts, such as Dera, Fogera, Libo Kemekem, Gonder Zuria, and Dembia Districts.The 

use of conventional methods has suffered from the lack of funding, appropriate 

infrastructural set-ups, and mechanisms required to successfully coordinating research 

efforts (Palmer et al., 2015).  To reduce this problem information spatial and temporal 

distribution is required. However there is limited study conducted in study area. Therefore 

this study was designed to fill this gap. GIS and Remote sensing products is imperative for 

the accurate detection and mapping of the development, spatial configuration, evolution, 

and propagation rates of invasive water hyacinth (Shekede et al., 2008). 
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2.2.1 Water hyacinth occurrence and distribution 

            According To Julien et al. (1999) indicated that in the USA the weed was first introduced 

in Louisiana in 1884 and afterwards in Florida in 1890. Because of its striking flowers, it 

was deliberately introduced into botanic gardens in many other countries, from which it 

inevitably spread as a weed (CABI, 2015). Important explanations for the continental 

spread of the weed include its capacity to quickly multiply when away from its natural 

enemies in South America (Rezene, 2005). 

2.2.2. Invasion of the water hyacinth globally  

            Invasion of the water hyacinth one of the difficulty unenthusiastic ecological impact of the 

Lake Tana in Ethiopia such as disarticulation of biodiversity through deprivation of water 

quality and smothering of habitat by wide-ranging, permanent water hyacinth  swathe. The 

water under the internal of widespread stationary mats of water hyacinth was nearly 

devoid of oxygen, predominantly late in the nighttime and early in the sunup.  

            Water hyacinth has invaded fresh water systems in over 50 countries on five continents. It 

is especially pervasive throughout Southeast Asia, the Southern United States, Central, 

East and Western Africa and Central America Lu et al. (2007). 

            Invasive water hyacinths are of a large apprehension in Ethiopia, affectation exacting 

problems lakes, rivers, power dams, water ways, roadsides and urban green spaces with 

great economic and ecological consequences. It is prevalent in tropical and subtropical 

water bodies where nutrient levels are often high due to agricultural runoff, deforestation 

and insufficient waste water treatment. In recent years, water hyacinth has spread faster, 

and the most serious infestation is in Ethiopia particularly in Lake Tana. One of the top ten 

ecologically dangerous and worst invasive weed, water hyacinth (Eichhornia crassipes) is 

aggressively infesting Lake Tana Ayalew et al. (2014). 

            One of the major problems in water bodies of the tropics and sub-tropics is the floating 

aquatic weed water hyacinth (Eichhornia crassipes), which originated from the Amazon 

Basin and has disseminated very quickly in many tropical and subtropical countries of 

Latin America and the Caribbean, Africa, Southeast Asia and the Pacific (Julien et al., 

1999; Julien, 2001). This weed has been identified as one of the100 most aggressive 
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invasive species and recognized as one of the top ten worst weeds in the world (Patel, 

2012). It is characterized by rapid growth rates, extensive dispersal capabilities, large and 

rapid reproductive output and broad environmental tolerance (Zhang et al., 2010). Water 

hyacinth forms dense impenetrable mats across the water surface, limiting access by man, 

animals and machinery. Navigation and fishing are obstructed, and irrigation as well as 

drainage systems become blocked (Julien et al., 1999). The economic impacts of the weed 

in seven African countries have been estimated at US$ 20-50 million every year (UNEP, 

2013). 

2.2.3. Invasion of the water hyacinth in Ethiopia  

            In Ethiopia, water hyacinth was announced in 1956 in Koka Lake and Awash River 

(Samuel and Netsanet, 2014; UNEP, 2013). It also prevailed in most of rift valley lakes, 

canals, reservoirs and irrigation water supply within different manifestation magnitude. 

Lake Tana is the one in which water hyacinth infestation highly occurred (Firehun et al, 

2014; as cited by MelakuGetachew,2016).  

            Invasion of the water hyacinth one of the difficulty unenthusiastic ecological impact of the 

in Lake Tana in Ethiopia such as disarticulation of biodiversity through deprivation of 

water quality and smothering of habitat by wide-ranging, permanent water hyacinth 

swathe. The water under the internal of widespread stationary mats of water hyacinth was 

nearly devoid of oxygen, predominantly late in the nighttime and early in the sunup(Zhang 

Y, Zhang D, Barrett S 2010), as cited by Wassie,A (2014). Invasive water hyacinths are of 

a large apprehension in Ethiopia, affectation exacting problems lakes, rivers, power dams, 

water ways, tourism, roadsides and urban green spaces with great economic and ecological 

consequences. It is prevalent in tropical and subtropical water bodies where nutrient levels 

are often high due to agricultural runoff, deforestation and insufficient waste water 

treatment. In recent years, water hyacinth has spread faster, and the most serious 

infestation is in Ethiopia particularly in Lake Tana. One of the top ten ecologically 

dangerous and worst invasive weed, water hyacinth (Eichhornia crassipes) is aggressively 

infesting Lake Tana (Ayalew W, Ali S, Eyayu M, Goraw G, Gebriel W, 2014 as cited by 

Mitike A.(2015). 
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agriculture, industry, and municipal water supply. Access to fishing grounds and fish catch 

ability are also affected (Kateregga& Sterner, 2009).  

            Furthermore, evapotranspiration from water hyacinth can exceed open-water evaporation 

rates by a factor of ten in some areas (Gopal, 1987). This can be a serious concern in water 

limited areas and small water bodies. Water hyacinth can greatly affect a fishery if it 

induces changes in fish community composition, or if catch ability of harvested species is 

changed. In Lake Victoria, fish catch rates decreased because water hyacinth mats blocked 

access to fishing grounds, delayed access to markets, and increased fishing costs (effort 

and materials) (Kateregga& Sterner, 2009). Mats also blocked breeding, nursery, and 

feeding grounds for economically important species, such as tilapia and Nile perch in Lake 

Victoria (Twongo& Howard, 1998). It is interesting to note that decreased catachibility of 

certain overfished species can lead to increased fishery stocks (Kateregga& Sterner, 2009) 

that in the long-run could benefit a fishery and human society. 

            The socio-economic impacts of water hyacinth will also vary in relation to the uses of the 

water body. An infestation will likely have a greater socio-economic impact when the 

water body supports several human uses. For a system that is primarily used as a water 

source, impacts could be measured in terms of changes to water quality. While it is 

inherently difficult to assign a value to the loss of water quality, a surrogate estimate can 

be used. In this example, any change in the cost of water treatment could be considered a 

substitute economic value. This technique is referred to as the replacement cost method 

(Holl&Howarth, 2000). In addition to beneficial economic uses, there are also the impacts 

on wildlife and ecosystem services; such impacts are not usually reflected in our 

traditional economic market system. 

2.4. Methods for Mapping Water Hyacinth (Eichhornia crassipes). 

            Being the part of Africa South of The Sahara Africa and different parts of the creating 

world existing in the Present Time face the biggest Shake of Constituting a town boom 

and industrial revolution in history(Duncan, et al. 2016).Amongst other factors, the fast- 

Constituting a town two growth, collectively with the rural-to-urban migration, generates 

non-stop expansion of a fluctuate Untidy Place  (e.g. approximately 70% of African 

Constituting a city  dwellers stay in Untidy Place) which cannot a Long two with the 
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Water hyacinth is most widespread and damaging aquatic plant species identified as toxic 

plant in some African countries (UNEP 2013). 

             2.6. Land Use/ Land Cover Changes in East of Lake Tana, Ethiopia 

                Land use and land cover (LU/LC) change is a locally pervasive and globally significant 

ecological trend and has become an event of paramount importance to the study of global 

environmental change (Geist and Lambin 2001). It was the major element of global 

environmental changes of the past three centuries. Global cropland showed fivefold 

increase from 1770 up to 1990 and pastureland also increased by above six fold from 1700 

to 1990. This increase of cropland and pastureland was at the expense of forest, natural 

grassland and savannas. For example, forest cover was decreased from 5000-6200 million 

hectares in 1700 to 4300- 5300 million hectares in 1990 (Lambin et al. 2003). More 

rapidly than the aforementioned periods, more woody vegetation cover was converted to 

cropland between1950 and 1980. But direction of land use and land cover change is not 

similar for all parts of the world. In the last two decades, the area of temperate forest was 

increasing by almost 3 million hectares, while the tropical forest was decreasing by 12 

million hectares per year (Millennium Ecosystem Assessment 2005). 

               LU/LC change is increasingly recognized as an important driver of environmental change 

on all spatial and temporal scales (Turner and Meyer 1994). LU/LC contributes 

significantly to earth atmosphere interactions, forest fragmentation, and biodiversity loss. 

Thus, it has become one of the major issues for environmental change monitoring and 

natural resource management. That is why LU/LC change and its impacts on terrestrial 

ecosystems including forestry, agriculture, and biodiversity have been identified as high 

priority issues in global, national, and regional levels (Fu et al. 2000). 
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CHAPETER 3.MATERIALS AND METHODS 

3.1. Descriptions of Study Area 

            Lake Tana is the largest freshwater in Ethiopia, and it is the source of the Abay River 
(Dile et al., 2013). Lake Tana is rich in biodiversity with many endemic plant species and 

cattle breeds; it contains large areas of wetlands; and it is home to many endemic birds and 

cultural and archaeological sites (Anteneh et al., 2015). This sub basin is of critical 

national significance as it has great potentials for irrigation, hydroelectric power, high-

value crops, and livestock production, ecotourism and others (Setegn, et al. 2010;Anteneh 

et al., 2014 & 2015).The Lake covers about 3156 km2with a total drainage area of 15,000 

km2 in Abay basin (McCartney, M., Alemayehu, T., Shiferaw, A. and Awulachew, S., 

2010). Geographically, it is located between 10°58`-12°47`N and 36°45`-38°14`E. The 

mean elevation of Lake Tana is 1786 m a.s.l (Dersseh, et al. 2019a). The Lake has a width 

of about 66 km from east to west and a length of 92 km from north to south. Lake Tana 

receives 93% of the inflow from four major rivers, such as GilgelAbay, Gumara, Rib, and 

Megech (Setegn, et al. 2010).There is Urbanization in the Lake Tana sub basin mainly 

Bahir Dar and Gondar towns are expanding year to year (Fenta et al., 2017). Loads of non-

point source pollutants due to the continuous use of fertilizer and pesticides in agriculture 

are also increasing in the highlands of the basin (Ligdi et al., 2010).  
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Figure 3.1:  location map of the Study Area 

            
Figure 1.2: Daily Rainfall of the Study Region from 2019 Period. 

(http://gismap.ciat.cgiar.org/MarkSimGCM, 2019). 
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GPS points along the Lakeside, boat was used. About 70 ground truth points from each 

land cover type were collected. . 

           The procedure in the preprocessing stage was including the detection and restoration of bad 

lines, geometric rectification or image registration, radiometric calibration, atmospheric 

correction, and topographic correction. Accurate geometric rectification or image 

registration of remotely sensed data is a prerequisite for a combination of different source 

data in a classification process (Mahendra et al., 2015). The study had done using Landsat- 

8 and sentinel-2 imageries to identify changes in LULC distribution in 2014, 2016, 

2018.2020 years. To avoid a seasonal variation and to minimize the cloud cover, the 

selection of dates of in the dry season the information acquired was created and with the 

same annual season of the acquired years. To view and discriminate the surface features 

clearly, all the input satellite images had composed using the RGB color composition. 

Furthermore, the images provided complete coverage of the study area and mosaic, 

stacking of bands, sub-setting of the images had done using ERDAS software. 

            Before the image classification process, pre-processing steps for satellite images was 

implemented. RGB and NIR bands of two datasets are common and thus these three bands 

were considered for layer stacking. For Landsat-8 data, band 4, band 3 bands 4 were layer 

stacked and then clipped so as to include the study area. After clipping, Landsat-8 pan-

sharpened image was created using High Pass Filtering (HPF) pan sharp algorithm in 

ERDAS software package. Pan-sharpening process was used to make familiar the GSD 

(Ground Sampling Distances) of two datasets. For Sentinel-2 data, the same pre-

processing steps were implemented and three bands were considered for layer stacking. 

For Sentinel-2 data, band 3, band 2, band 1 were layer stacked and then clipped so as to 

include the study area. Five general LULC classes including Water Body, Water Hyacinth, 

Grazing, Forest and Cultivated land were utilized in this case study. For each LULC class, 

70 sampling Testing Point (350 total sampling point) samples were collected and used for 

the classification of both images in ERDAS. Same training samples were used for both 

data sets. 
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              Table 3.2: Description of LULC classes 

Land cover 

type  

                      Brief description  

Water body  Non-flowing, naturally enclosed bodies of water, including regulated 

natural lakes. The delineation of this class is based on the areal 

extent of water at the time the remote sensor data are acquired  

Grass land  Areas of land where small grasses are the predominant natural 

vegetation usually used for grazing.  

Water hyacinth  Areas potentially caught by water hyacinth actual or remnants of it 

observed. It is a perennial, herbaceous, attractive blue or purple 

flowers, oblong to oval glossy leaves with bulbous petioles, known 

as queen flower, form impenetrable mats  

Forest land  Areas covered by trees forming closed or nearly closed canopies; 

Forest; Plantation forest; Dense (50-80% crown cover).  

Cultivated land  Areas allotted to rain fed and irrigated cultivation, including fallow 

plots, cultivated land mixed with some bushes, trees and the 

scattered rural settlements included within the cultivated fields.  
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 3.3.1. Supervised image classification 

            In this process, we select pixels that represent patterns we recognize, or that we could 

identify with help from other sources (Google earth) information. Knowledge of the data, 

the classes desired, and the algorithms to be used were required before we begin selecting 

training samples. by setting priorities to these classes, we had supervised  classification of 

pixels as they had assigned to a class value. 

3.3.2. Accuracy assessment 

            In this study, accuracy assessments were performed for classified images from 2014, 2016, 

and 2018, 2020 The corresponding reference class for 2020 LULC type was collected 

from field visits using GPS and visual interpretations of the raw images with the help of 

personal knowledge of the study area and high resolution images, such as: Google Earth, 

and Sentinel 2 through random sampling technique.  

             A classified image or change detection map needs to be compared against reference data, 

assumed to be true, to assess its performance and quantify its accuracy (Foody, 2020). The 

process had used to estimate the accuracy of image classification by comparing the 

classified map with a reference map. Therefore, full accuracy assessment needs to include 

the report on Overall accuracy, User Accuracy, and Producer Accuracy had investigated 

using the Kappa coefficient.  

            Table 3.3: Kappa values and degree of agreement as suggested by Monserud (1990) 
Degree of agreement Lower bound Upper bound 

No < 0.05 0.05 

Very poor 0.05 0.20 
Poor 0.20 0.40 
Fair 0.40 0.55 

Good 0.55 0.70 

Very good 0.70 0.85 

Excellent 0.85 0.99 
Perfect 0.99 1.00 
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            The Overall Accuracy is calculated by dividing the total number of correct pixels 

(diagonal values) by the total number of pixels in the confusion matrix and the Kappa 

statistic had used to measure the agreement between two sets of categorizations of a 

dataset (Table 3.3). and used to estimate the accuracy of predictive models by measuring 

the agreement between the predictive model and a set of field surveyed sample points 

(Moriasi et al., 2007). 

            The classification accuracy of remote sensing images presents the agreement between 

selected reference information and classified data. Segments of determined classes are 

chosen from the original image. Error matrix is obtained by collecting data for every class 

without seeing the segments and classes. The accuracy criterion can be calculated and 

evaluated with the help of this error matrix. The accuracy criterion for this study is 

presented in Table 4.1 for all classes. 

3.4. State of Land Use and Land Cover Assessment 

            A Landsat 8 and Sentinel 2 image was used for this study for the landsat 8 (OLI) only for 

2014, while the sentinel 2 (MSI) was used for the 2016, 2018 and 2020 periods. For each 

of them, digital image processing operations such as haze removal, geo referencing the 

images with known places of the study area topographic map, contrast enhancement 

(histogram equalization) and image classification (supervised) were completed using 

ERDAS Imagine 2015 image processing software.  

            Following this, supervised LULC classification was carried out using ERDAS Imagine 

software for each Landsat and sentinel satellite image. The maximum likelihood method 

was utilized in the supervised classification. The major Five LULCs were considered in 

this study were listed in Table 3.2. The classified LULC was checked by overlaying the 

collected ground control points with the help of the land use land cover type information. 

After supervised classification, some of the land uses were classified wrongly and masked 

in ArcGIS software by creating polygon features. Then the raster format of the classified 

LULC was converted in to a vector format. After renaming the masked shape - files to the 

right LULC, they were then merged with the classified LULC. 
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             Figure 4.1: LULC maps for 2014 
             Figure 4.1, the total 350 point (70 point in each Class) randomly that representative of the        

classified land class and the ground Truth point are representative of land class through 

examination of other imagery like Google earth, using Google earth as references sources 

to check the point for that point shape - file needed to be converted in KML file 
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            Figure 4.2: LULC maps for 2016 
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              Figure 4.3: LULC maps for 2018 


























































