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Abstract 

The coastline segment between Shkumbini and Semani rivers, in central Albania, is 
a very dynamic accumulative coastal environment. The position of the coastline in 
this segment is investigated with multi-temporal Landsat data of the years 1978-
2001 integrated in a geographic information system. The analysis of the multi-
temporal remote sensing data shows that the coastline of this segment is subject to 
important changes during this short time interval. The study demonstrates the ap­
plicability and usefulness of historical Landsat data for change detection studies of 
the coastal environment. 
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Περίληψη 

To τμήμα της ακτογραμμής μεταξύ των ποταμών Shkumbini και Semani, στην κεντρι­
κή Αλβανία, αποτελεί ένα δυναμικό παράκτιο ιζηματογενές περιβάλλον. Η θέση της 
ακτογραμμής για την περίοδο 1978-2001 ερευνάται με βάση χρονική σειρά δορυφορι­
κών δεδομένων Landsat που ενσωματώνονται σε ένα γεωγραφικό σύστημα πληροφο­
ριών. Η ανάλυση των στοιχείων τηλεπισκόπησης δείχνει ότι η ακτογραμμή υπόκειται 
σε σημαντικές μεταβολές κατά τη διάρκεια αυτού του σύντομου χρονικού διαστήματος. 
Η μελέτη καταδεικνύει τη δυνατότητα εφαρμογής και τη χρήση των ιστορικών δεδομέ­
νων Landsat στη μελέτη ανίχνευσης μεταβολών των παράκτιων περιβαλλόντων. 
Λέξεις κλειδιά: δορυφορικές εικόνες Landsat, δέλτα του ποταμού Semani, παράκτια 
διάβρωση. 

1. Introduction 

Change detection is the process of identifying differences in the state of an object or phenomenon 
by observing it at different times (Singh 1989). Timely and accurate change detection of Earth's 
surface features provides the foundation for better understanding relationships and interactions 
between human and natural phenomena to better manage and use resources (Lu et al. 2003). In 
general, change detection involves the application of multi-temporal datasets to quantitatively ana­
lyse the temporal effects of the phenomenon (Lu et al. 2003). Remote sensing data are an impor­
tant source of information for change detection studies. 

Continental and oceanic processes converge along the coast to create landscapes typical of rapid 
change (Keller 1996). The low Adriatic Coast of Albania (about 230 km from the Buna River 
mouth to Vlora bay) is distinguished for its strong dynamics expressed by the large accumulation 
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and seaward advancement of the coastline in several sectors and by the strong and rapid erosion 
and advancement of the sea in the mainland in several other sectors (Kabo 1990). These opposite 
processes lead to large and rapid changes of the coastline configuration. 

This study investigates through multi-temporal Landsat imagery of the years 1978, 1981, 1989, 
2001 the changes that have occurred during this time interval in the coastline sector from Shkum-
bini River mouth to Semani River mouth, in central Albania (Fig. 1). Despite the short time inter­
val, the presence of a very dynamic coastline in this sector has led to significant changes. For the 
analysis of the multi-temporal remote sensing data we used a GIS technique. 

2. Study area 
The coastline segment between Shkumbini and Semani river mouths in the Myzeqe plain in central 
Albania, is part of the low-lying Adriatic coastline of Albania (Fig.l). This coastline is character­
ized by a very active sedimentary regime with considerable coastline changes that take place over 
time scales of a few decades (Kabo 1990). 

Quaternary deposits and Pliocene molasses crop out in the surface (Fig. 1). The Pliocene molasses 
build up a range of hills along the so-called Ardenica-Divjaka-Ballaj anticline. They consist of 
conglomerates, clays, silts and sandstones (Vranai et al. 1997). Alluvial, marine and marsh forma­
tions make up the quaternary deposits. They consist of sands, clays, turfs, gravels. The Karavasta 
Lagoon is the most striking geomorphological feature of the area. It has an area of 4100 ha, the 
maximum depth is 1.3 m and the average depth 0.7 m (Kabo 1990). 

Figure 1 - Schematic geological map of the Karavasta area in central Albania. The position 
of the coastline is based on Landsat data of 2001 
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The quaternary geology and coastal morphology of this region is shaped from the activity of 
Shkumbini and Semani rivers. These rivers have high water discharge and sedimentary load (Table 
1). The rivers have often changed their river mouth position in search for equilibrium in the coastal 
plain (Pano 1992, Kabo 1990). The Semani river has changed the position of its mouth at least six 
times in the last 100 years along a corridor 25 km long (Boçi 1994, Ciavola et al. 1999). The shift 
toward the south of the Semani River mouth at the beginning of the 70-ies led to an erosive situa­
tion at the abandoned delta of the river, as the input of sedimentary material ceased. A part of the 
sediment eroded from the abandoned delta was transported northward forming a belt of sand that 
formed the Godulla lagoon. However, this sand belt is also subject to erosion which may lead to 
the destruction of the Godulla lagoon (Technital 1995). Shkumbini River moved its main outlet 
some 4 km in the north of the previous one in 1996. 

Table 1 - Catchment area, mean annual water discharges and sediment load of Shkumbini 
and Semani rivers (after Pano 1992) 

River 

Shkumbini 

Semani 

Catchment (km2) 

2444 

5649 

Discharge (m3/s) 

61.5 

95.7 

Sediment discharge 
(tons/year) 

7.2xl06 

16.5xl06 

3. Landsat imagery 
The Landsat series of earth observation satellites (Landsat MSS, Landsat TM, Landsat ETM+) 
provide a unique historical dataset for change detection studies. The Landsat MSS is no longer 
operational, though a substantial archive of imagery remains available (Mather 2004). The MSS 
was a four-band instrument, with two visible channels in the green and red wavebands, respec­
tively and two near-infrared channels (0.5-0.6 μτη, 0.6-0.7 μπι, 0.7-0.8 μνα, 0.8-0.11 μνα). Landsat 
MSS has a swath width of 185 km and pixel size of 79 m (along track) χ 57 m (across track), 
(Mather, 2004). The TM and ETM+ have seven spectral bands that cover the visible, near infrared, 
short-wave infrared and thermal infrared regions of the electromagnetic spectrum. Pixel size is 
28.5 χ 28.5 m with the exception of the thermal infrared band that has lower spatial resolutions. 
The Landsat ETM+ has an additional 15 m spatial resolution panchromatic band. Currently (No­
vember, 2006) only Landsat TM is operational. 

In this study to detect change in the coastline segment between Shkumbini and Semani river 
mouths were used four Landsat scenes that were made available from the Global Land Cover Fa­
cility (GLCF) of the Maryland University, USA. These Landsat scenes are part of the NASA's 
global orthorectified Landsat data set {see Tucker et al. 2004). The first scene was recorded by the 
Landsat MSS on September 16, 1978; the second scene was recorded by the Landsat MSS on Au­
gust 3, 1981. The third scene was recorded by Landsat TM (Landsat 5) multispectral scanner on 
July 22, 1989, whereas the fourth scene was recorded by the Landsat ETM+ multispectral scanner 
(Landsat 7) on October 3, 2001. Grey scale images of the Landsat scenes are shown in (Fig. 2). 

4. Data analysis 

A variety of change detection techniques have been developed (see Lu et al. 2003 for a thorough 
review). For the sake of convenience, the change detection methods are grouped into seven catego­
ries: (1) algebra, (2) transformation, (3) classification, (4) advanced models, (5) Geographical In­
formation System (GIS) approaches, (6) visual analysis, and (7) other approaches (Lu et al. 2003). 
Due to the different spatial and spectral resolution of the Landsat MSS scenes with the Landsat 
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TM and ETM+ scenes a GIS and visual analysis approach was applied to detect changes along the 
coastline segment between Shkumbini and Semani Rivers for the 23 year period 1978-2001. 

Landsat TM 

Figure 2 - Grey scale images of the Landsat MSS 1978 (band 3), Landsat MSS 1981 (bands 4), 
and of the Landsat TM and ETM+ of 1989 and 2001 (band 4) over the Shkumbini River mouth 

- Semani River mouth coastal segment, Albania. Images cover an area of 37x28.5 km 

The reported positional accuracy of the NASA's orthorectified global Landsat dataset has a root-
mean-square error of less than 50 metres for the Landsat TM/ETM+ and a root-mean-square error 
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of less than 100 metres for the Landsat MSS (Tucker et al. 2004). Due to the fact that the area of 
this study is flat higher positional accuracy is expected. The excellent geodetic accuracy of the 
NASA's orthorectified Landsat data saves substantial time by avoiding extensive coregistration 
among the Landsat data of the three epochs 1970s, circa 1990, and circa 2000 (Tucker et al. 2004). 
The Landsat MSS scenes were resampled to the spatial resolution of the Landsat TM/ETM+ im­
agery. Images were coregistered with each other. The registration error was 15 m in the registra­
tion of TM/ETM+ and 40 m in the registration among Landsat MSS/TM. 

The accuracy of the change detection measured digitally using TM/ETM+ data is ±40 m, and ±113 
m when using MSS/TM or MSS/MSS data assuming perfect coregistration. This is determined 
from the following formula (Williams et al. 1997, quoted in Hall et al. 2003): Uncertainty = 
sqrt(28.52 + 28.52) for the 28.5-m resolution TM or ETM+ data. Including also the registration 
error gives accuracy of ±55m for the TM/ETM+ change detection and of ±153 m when Landsat 
MSS images are used in the change detection. This approach of reporting uncertainty is similar to 
(Hall et al. 2003). However, error is induced also from the digitization and uncertainty in feature 
boundary location in the GIS and visual analysis of the landscape change (Crowell et al. 1991, 
Zviely and Klein 2004, Levin 2006). 

Using IL WIS (van Westen and Farifteh 1997) and ArcGIS 9.0 GIS platforms all the images were 
integrated in a Geographic Information System (GIS). The coastline position was digitized on 
screen from each of the images and from colour composites which combined images of different 
years as RGB. Results are shown in Figure. 3. 

5. Results 
This simple GIS and visual analysis approach of such a large segment of the Albanian coastline 
shows that many changes have occurred during this twenty-three year time interval. The most 
striking change of the coastline is the strong erosion of the abandoned delta of Semani River (Fig. 
3). Mainland has rather advanced toward the sea north of the Semani delta, probably due to sedi­
mentary material moved from the eroded delta. 

The change of the river mouth position of Shkumbini river in 1995 is associated with the immedi­
ate formation of a new delta, whereas in the former active river mouth of Shkumbini river, the 
sedimentary material has moved toward the south (Figure. 3). Semani river has also created its 
new delta. 

One of the objectives of change detection studies is to measure the degree of change and if possi­
ble the rate of change (Lu et al. 2003). Below we focus on the degree of change and try to quantify 
the rate of change in the case of the erosion of the former Semani river delta. A detailed view of 
the areas eroded and accreted at the abandoned delta of Semani River and the nearby areas is 
shown in (Fig. 4). Results of Landsat image analysis for this area (shown in Fig. 4) indicate that 
approximately 500 ha of land has been eroded and 112 ha of land has been created mainly due to 
the sedimentation of the material removed from the abandoned delta of Semani river. Between 
1989 and 2001 the erosive situation has practically destroyed the sand spit of the Godulla lagoon. 
This was predicted earlier from a report of (Technital 1995). 

The rate of erosion of Semani delta has not been uniform during this time interval. Along the axis 
of the sub-aerial part of the eroded delta (with a length of about 1300 m), (Fig. 4) between 1978-
1981 the sea advanced for about 450 m (with a rate of 150 m/year), between 1981-1989 the sea 
advanced for about 430 m (a rate of more than 50 m/year) and between 1989-2001 the sea ad­
vanced for about 420 m (a rate of 35 m/year). 

- 1920-



19°20ΌΈ 19°30'0"E 

coastline 1978 

œastiine 1981 

coastline 1989 

coastline 2001 

19°20ΌΈ 19°30ΌΈ 

Figure 3 - The position of the coastline in the coastal segment between Semani and Shkum-
bini rivers, central Albania, in the 1978-2001 time interval. Coastline digitized on screen 

from Landsat data of the years 1978, 1981,1989, 2001. The background is band 4 (0.75-0.90 
μπι) of the Landsat ETM+ scene of 2001 

It is to be noted that these rates of change for the time gap between the images are far above the 
error range of ±55 m when using Landsat TM/ETM+ data and ±153 m when using Landsat 
MSS/TM data in the change detection. However the error range requires a minimum time gap be­
tween the images. For example if TM/ETM+ images of the 1990-2000 time interval are used to 
detect the rate of the land erosion at the abandoned Semani delta, in order to extract statistically 
significant results (where data reliability exceeds the margin of error) the minimum time gap be­
tween the two images should be at least 3 years. 
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Figure 4 - Erosion and sedimentation at the abandoned delta of Semani river and the nearby 
area between the years 1978-2001 based on the analysis of Landsat imagery. The back­

ground is band 4 (0.75-0.90//m) of the Landsat scene of 2001 

6. Conclusions 

Integrating remotely sensed data acquired by the Landsat earth observing satellite in a geographic 
information system (GIS) we investigated the position of the coastline in the coastal segment be­
tween Shkumbini and Semani river mouths, in central Albania, for a twenty-three year period 
(1978-2001). This segment of the Albanian coast is the most dynamic of the accumulative coast of 
Albania due to the activity of the Shkumbini and Semani rivers, distinguished for their high water 
discharge and sedimentary load. 

Important changes have occurred along this coastline segment during this time interval. The most 
important change is related to the erosion of the abandoned delta of the Semani river. While since 
the mid of the year '70 the Semani river has changed its river mouth position south of the previous 
one, the abandoned delta is being eroded as it is in disequilibrium while no more sedimentary ma­
terial is reaching to it. The surface of the eroded land from the abandoned delta of Semani river 
mounts to over 500 ha. Coastal sedimentation has taken place in the south and in the north of the 
eroded delta and a land surface of about 120 ha has been created. As predicted from earlier studies 
(Technital 1995) the sand spit which formed the Godulla lagoon in the first steps of the erosion of 
Semani delta is now being eroded also. This will lead to the destruction of the Godulla Lagoon. 
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Other important changes are to be noted in the river mouth of Shkumbini River. The river has es­
tablished a new main river mouth (since 1996) north of the existing one. At the new river mouth a 
delta formed rapidly. The former river mouth is being eroded but the sedimentary material seems 
to have sedimented south of the former main delta of Shkumbini. In the same way Semani river 
has established its new delta. 

The study demonstrates the applicability and the importance of historical Landsat data for coast­
line change detection, especially along the Albanian very dynamic accumulative coastline. Integra­
tion of aerial photography with satellite data and the use of imagery from other satellites (e.g. 
ASTER) would make possible applications with better temporal and spatial resolutions in the fu­
ture. 
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