
ISSN: 2148-9173 Vol: 6 Issue:3  Dec 2019 

International Journal of Environment and Geoinformatics (IJEGEO) is an international, 
multidisciplinary, peer reviewed, open access journal. 

Chief in Editor 

Prof. Dr. Cem Gazioğlu

Co-Editor  

Prof. Dr. Dursun Zafer Şeker, Prof. Dr. Şinasi Kaya, 

Prof. Dr. Ayşegül Tanık and Assist. Prof. Dr. Volkan Demir

Editorial Committee (December 2019) 

Assos. Prof. Dr. Abdullah Aksu (TR), Prof. Dr. Bedri Alpar (TR),  Prof. Dr. Lale Balas (TR), Prof. Dr. Levent Bat 
(TR), Prof. Dr. Paul Bates (UK), Prof. Dr. Bülent Bayram (TR), Prof. Dr. Luis M. Botana (ES), Prof. Dr. Nuray 
Çağlar (TR), Prof. Dr. Sukanta Dash (IN), Dr. Soofia T. Elias (UK), Prof. Dr. A. Evren Erginal (TR), Assoc. Prof. Dr. 
Cüneyt Erenoğlu (TR), Dr. Dieter Fritsch (DE), Assos. Prof. Dr. Çiğdem Göksel (TR), Prof.Dr. Lena Halounova 
(CZ), Prof. Dr. Manik Kalubarme (IN), Dr. Hakan Kaya (TR), Assist. Prof. Dr. Serkan Kükrer (TR), Assoc. Prof. Dr. 
Maged Marghany (MY), Prof. Dr. Michael Meadows (ZA), Prof. Dr. Nebiye Musaoğlu (TR), Prof. Dr.  Erhan Mutlu 
(TR), Prof. Dr. Masafumi Nakagawa (JP), Prof. Dr. Hasan Özdemir (TR), Prof. Dr. Chryssy Potsiou (GR), Prof. Dr. 
Erol Sarı (TR), Prof. Dr. Maria Paradiso (IT),  Prof. Dr. Petros Patias (GR), Prof. Dr. Elif Sertel (TR), Prof. Dr. Nüket 
Sivri (TR), Assoc. Prof. Dr. Füsun Balık Şanlı (TR), Prof. Dr. Uğur Şanlı (TR), Duygu Ülker (TR), Assoc. Prof. Dr. 
Oral Yağcı (TR), Prof. Dr. Seyfettin Taş (TR), Assoc. Prof. Dr. Ömer Suat Taşkın (US), Dr. İnese Varna (LV), Dr. 
Petra Visser (NL), Prof. Dr. Selma Ünlü (TR), Assoc. Prof. Dr. İ. Noyan Yılmaz (AU), Prof. Dr. Murat Yakar (TR), 
Assit. Prof. Dr. Sibel Zeki (TR)

Abstracting and Indexing: DOAJ, Index Copernicus, OAJI, Scientific Indexing Services, Journal Factor, Google Scholar, 
Ulrich's Periodicals Directory, WorldCat, DRJI, ResearchBib, SOBIAD

Water surface Changes of Lakes in the  Central Rift Valley of Ethiopia 

Nesibu Yahya KEDIRKAN



264 

Water surface Changes of Lakes in the Central Rift Valley of Ethiopia 

Nesibu Yahya Kedirkan 

Ethiopian Environment and Forestry Research Institute, P. O. Box 30708 code 1000, Addis Ababa, Ethiopia 

* E-mail: sof.swt@gmail.com 
Received 06 Apr 2019 
Accepted 21 Nov 2019 

Abstract 

Lakes are one of the most important biologically diverse ecosystems. However, extensive human and natural factors contributed to 
the loss of this ecosystem. Until recently, knowledge on the recent status of rift valley lakes was lacking. The aim of this study was, 
therefore, to estimate the current extent of selected lakes in the central Rift Valley of Ethiopia using Landsat image. Satellite images 
of Landsat OLI_TIRS for the year 2018 were used for this study. Selected bands (green, near infrared, shortwave infrared and middle 
infrared) were selected in calculating automated water extraction index to distinguish water surface from non-water. The result 
revealed that the extent of water surface was reduced between 2015 and 2018 with an amount of 47.6, 2.4 and 0.9 % for lake Abjata, 
Shala and Langano, respectively. Such rapid conversions of aquatic ecosystem need urgent management and policy intervention. 
Furthermore, applied researches are needed to reduce the magnitude of change.   

Keywords: LANDSAT, Shala, Langano, Abjata. 

Introduction 

Aquatic and wetland are among the most biologically 
diverse ecosystems, which provide multiple ecosystem 
services in the world. Besides the significance, it is also 
one of the most susceptible ecosystems (Yücel, et al., 
2002; Kaya, et al., 2004; Hu et al., 2017). The extents of 
these ecosystems are declining through time in both 
quality and quantity. In the 20th century, the size of 
global wetlands was declined between 64 and 71%, and 
it is a cause for the estimated loss of US$20 trillion of 
services from ecosystem each year (Gardner et al., 
2015). 

In the Ethiopian rift valley, where most lakes are 
available, lakes play a key role in providing many socio-
economic values such as fisheries, grazing and 
recreation. The majority of lakes are vulnerable to 
anthropogenic pressure and some are already lost (e.g. 
Lake Haromaya) due to over-exploitation and 
mismanagement of their catchment (Meshesha et al., 
2014; Lemma and Desta, 2016). Therefore, a continues 
inventory and monitoring of their extent using remote 
sensing is highly needed (Ozesmi and Bauer, 2002). 
Incidentally, various reports were provided on the extent 
of lakes in the earlier works (Ariti et al., 2015; Tibebu 
Kassawmar et al., 2011; Sisay, 2016).  

Fig. 1. Location map of selected Lakes in the central rift valley. 

 International Journal of Environment and Geoinformatics 6(3): 264-267 (2019) 

Reaserch Article

How to cite: Kedirkan, NY. (2019). Water Surface Change of Lakes in the Central Rift Valley of Ethiopia, International Journal of 
Environment and Geoinformatics (IJEGEO), 6(3): 264-267. DOI: 10.30897/ijegeo.544770



265 

These works, however, give information earlier than 
2015. Until recently, knowledge on the recent status of 
rift valley lakes was lacking, despite the fact that they 
rapidly changing over time. Therefore, this study aims to 
estimate the current extent of selected lakes in the central 
Rift Valley of Ethiopia using Landsat image. 

Material and methods  
Study area  
This study was cond 
ucted on the three rift valley lakes in Ethiopia namely 
Shala, Abjata and Langano. The study area is part of the 
Great Rift Valley zone, which extends from 
southwestern to northeast direction. The location of the 
study area is lies between 7˚ 20’ to 7˚ 50” N latitude and 
between 38˚ 20” to 38˚ 50” E longitude. 

Data acquisition and analysis  
The single scene of Landsat image (path= 168, raw=055) 
was downloaded from the archive of the United States 
Geological Survey (USGS). The acquisition date of the 
downloaded image was January 29, 2018 (dry season). 
After the image is procured, image-preprocessing 
techniques (both radiometric and geometric) were 
implemented for each selected bands of the image. The 
spectral bands of the satellite image covering the green 
(Band 3), near infrared (Band 5), shortwave infrared 
(Band 6) and Middle infrared (Band 7) were selected for 
analysis. In addition, the original digital number (DN) 
value of selected bands was converted to radiance and 
then into atmospheric reflectance using the following 
equations.  

Lλ = ((LMAXλ - LMINλ)/(QCALMAX-QCALMIN)) 
* (QCAL-QCALMIN) + LMINλ

Where 
• Lλ= Spectral radiance at the sensor's aperture in

watts/ (meter squared * ster * μm)
• QCAL= the quantized calibrated pixel value in

DN
• LMINλ = the spectral radiance that is scaled to

QCALMIN in watts/(meter squared * ster *
μm)

• LMAXλ = the spectral radiance that is scaled to
QCALMAX in watts/(meter squared * ster *
μm)

• QCALMIN= the minimum quantized
calibrated pixel value (corresponding to
LMINλ) in DN = 1 for LPGS products = 1 for
NLAPS products processed after 4/4/2004 = 0
for NLAPS products processed before 4/5/2004

• QCALMAX= the maximum quantized
calibrated pixel value (corresponding to
LMAXλ) in DN = 255

RF= π* Lλ *D2/ESUN λ *cos θ S 

Where 
• RF=unit less planetary reflectance

• Lλ= Spectral Radiance at the sensor's aperture
in watts/(meter squared * ster * μm)

• D= Earth-Sun distance in astronomical unit
• ESUNλ = mean solar exoatmospheric

irradiances
• θs = solar zenith angle

Following the pre-processing activity, the bands were 
used to calculate Automated Water Extraction Index 
(AWEI). The index is one of the best methods to extract 
water surface from the image (Feyisa et al., 2014). The 
positive value of this index indicates water surface, 
while a negative value is for the non-water surface.   

AWEI = 4 *(Green-MIR) − (0.25×NIR + 2.75 
×SWIR)  

Where 
• AWEI= Automated Water Extraction Index
• Green= spectral band covering green spectrum
• MIR= spectral band covering middle infrared
• NIR= spectral band covering near infrared
• SWIR= spectral band covering shortwave

infrared

Result and discussions 

The extent of the water surface in 2018 shows that 69.15, 
297.89 and 227.90Km2 for Abjata, Shala and Langano 
respectively. Within three years (2015-2018), the water 
surface extents of all selected lakes were reduced at 
various magnitudes ranging from 2.1 Km2 to 62.8 Km2. 
The water surface extent of Lake Abjata has lost 62.8 
Km2 (47.6%), which is a considerable area compared 
with the other two lakes. Between 2015-2018, the extent 
of Lake Shala reduces in a size of 7.3 Km2 followed by 
Lake Langano in a size of 2.1 km2 (Fig. 1). 

In many previous works, the extent of some rift valley 
lakes shows a reducing trend over time (Table 1). Lake 
Abjata lost 46% of its area between 2000 and 2006 
(Temesgen et al., 2013). This result is comparable with 
the reduction magnitude (42.6%) obtained by (Sisay, 
2016) between 2000 and 2005. Between 2000 and 2014, 
the area of the two lakes (Abjata and Langano) jointly 
declined by 9% (Ariti et al., 2015). Certainly, Lake 
Langano and Lake Shala experienced only small amount 
of changes over the last three decades (Table 1). The 
extent of Abaya and Chamo (the other rift valley lakes) 
were reduced, significantly, between 1986 and 2000 
(Tibebu Kassawmar et al., 2011).  

In general, several factors may contribute to the 
reduction of water surface. Pumping high amount of 
water for the production of Soda Ash was reported as 
one of the major responsible factors for the rapid decline 
of Lake Abjata (Legesse and Ayenew, 2006). Land use 
change on the catchment was one of the major factors for 
the loss of Lake Haromaya in Eastern Ethiopia 
(Meshesha et al., 2014). Reversely, land use change of 
the surrounding watershed that drives high surface run-
off increase the level of water in Lake Awassa and 
Beseka (Dinka, 2012; Nigatu Wondrade et al., 2014).  

Kedirkan / IJEGEO (6)3: 264-267 (2019) 
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Conclusion and Recommendation 

The results of this study have shown that the extent of 
the water surface of Lake Abjata was considerably 
reduced (47.6%) between 2015 and 2018. In this study 
period, Lake Shala and Lake Langano were reduced with 
a magnitude of 2.4 and 0.9%, respectively. Such rapid 

changes, particularly on Lake Abjata, need an urgent 
management intervention as a short-term solution and it 
requires developing policy and strategy for aquatic and 
wetland ecosystem as a long-term solution. In addition, 
applied research should be carried out to reduce the 
magnitude of change.  

Fig. 2. Map of selected lakes in central rift valley zone of Ethiopia.  

Table 1. Extent of selected lakes from central rift valley area of Ethiopia.  

Study years 

Abjata Shala Langano 

Extent 
(km2) 

Extent 
change 
(km2) 

Change 
(%) 

Extent 
(km2) 

Extent 
change 
(km2) 

Change 
(%) 

Extent 
(km2) 

Extent 
change 
(km2) 

Change 
(%) 

1973* 200.13 - - 315.36 - - 233.68 - - 
1986* 165.22 -34.92 -17.45 309.84 -5.53 -1.75 231.39 -2.3 -0.98 
2000* 164.83 -0.39 -0.24 307.97 -1.87 -0.6 231.46 0.07 0.03 
2005* 94.69 -70.13 -42.55 306.2 -1.77 -0.57 230.23 -1.22 0.53 
2011* 128.01 33.32 35.18 306.47 0.27 0.09 231.51 1.28 0.56 
2015* 131.94 3.93 3.07 305.16 -1.32 0.43 230.01 -1.51 0.65 
2018** 69.15 -62.79 -47.59 297.89 -7.27 -2.38 227.90 -2.11 -0.92 
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