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1. Introduction
Floods are among the most devastating natural hazards in the world, leading 

to signifi cant economic and social damages than any other natural phenomenon [7]. 
Even a minor fl ood can cause great damage to urban and socio-economic infrastruc-
ture [3]. Geographic information systems (GIS), with their ability to combine in-
formation from a variety of sources such as maps, computer models and remotely 
sensed imagery, can be useful tools in understanding the patt erns and potential ef-
fects of hazards. GIS is a versatile tool, allowing it to play a supportive role during 
many stages of mitigation planning [22].

Remote sensing and GIS technologies provide fundamental tools for observing 
and investigating the dynamics of various phenomena. Spatial data, in particular 
Digital Elevation Models and land use data sets are frequently used for map fl ood 
risk areas [18]. Satellite remote sensing is a valuable tool for fl ood monitoring and it 
can become a helpful instrument in fl ood management and alleviation [15, 16]. Key 
advantages of remote sensing include its relatively low or no acquisition costs allow-
ing the mapping of large, often otherwise inaccessible regions [20].

Floods are one of most frequently occurring natural phenomena in Azerbaijan 
and cause great damage and losses to people, infrastructure, and the whole economy 
of the country. In particular, devastating fl oods occur on the Kura and the Aras rivers, 
the two longest rivers in the country, with a severe impact on lowlands around the 
Caspian Sea, along the lower reach of the Kura River. The most recent devastating 
fl ood disaster on the Kura and Aras took place in 2010. This fl ood diff ered noticeably 
from past fl ood events due to its scale. Importantly, areas inundated during the fl ood 
and damage mapped in subsequent assessments were shown diff erently in various 
sources [6, 11]. Therefore, the aim of this study was to test freely available satellite data 
in 2010 Kura fl ood extent mapping, comparing the results to existing fl ood data sets.
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2. Study Area Description

The plains around and east of the junction of Kura and Aras rivers were select-
ed as a study area (Fig. 1). The reason to select this area for study is the historically 
regular fl ood occurrence.

The Kura river has 1515 km and the basin area is 188 thousand km2 (Fig. 1). The 
river rises in the north-eastern slope of Gizilgadik mountain of Kars Upland in Tur-
key (2740 m a.s.l.) [2].

Fig. 1. Study area
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According to the annual fl ow regime, the Kura River has a typical spring abun-
dance water and a relatively weak autumn discharge [5]. Basically, the Kura River is 
nourished with snowmelt, groundwater, rain, and glacier water [19].

The length of the Aras River is 1072 km and the basin area is 102 thousand km2. 
The source of the river lies on the slopes of Bingol ridge, Turkey (approximately 
3000 m a.s.l) (Fig. 1) [4, 5]. The Aras River fl ows from volcanic plateaus and its annual 
fl ow consists of groundwater, snowmelt and rain waters [10]. The Aras joins the Kura 
200 km west from the Caspian Sea, at an altitude of –14 m a.s.l. in Sabirabad district.

2.1. Historical Floods in the Kura Basin

Large basin, landscape structure, hydro-meteorological and soil conditions of 
the Kura River, as well as the presence of a large number of tributaries of the river 
often creates unexpected fl ood threat. For its hazardous and sudden fl oods, the local 
population called the river “Crazy Kura”, sometimes “Bloody Kura” [2].

Historically, fl oods in the downstream of the Kura River were observed regular-
ly, but writt en records only cover the period after 1858. Historical sources provide 
wide information about fl oods of the Kura and Aras Rivers causing natural disaster 
in 1921, 1929, 1931, 1932, 1936, 1937, 1938, 1940, 1942, 1944, 1967, 1969, 1976, 1979, 
1982, 1989, 1997, 2002, 2003, 2006, 2007, 2010 too [2]. Devastating fl oods that caused 
damage occurred in this part of the Kura River basin also in the nineteenth century. 
The stream that depleted the soil barrier on the right bank of the Aras River in 1896 
near the Saatli sett lement created the so-called New Aras tributary. Not only the 
Mughan plain, but also the south-eastern parts of the Salyan plain including the 
160000 hectares were under fl oodwaters. The Kura River fl ood that occurred in May, 
1915 was one of the most hazardous fl oods over 150 years (Fig. 2).

Fig. 2. Protected cropped land from fl oodwaters in 1915
Source: [21]
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A large territory in the Shirvan plain were inundated by fl oodwaters which 
destroyed coastal barriers in several towns and riverside villages. The fl ood waters 
covered more than 200,000 hectares in area, fl owing out through the left bank of the 
Kura River and running into the river near Shirvan sett lement again [2].

2.2. Factors Forming the 2010 Kura River Flooding

The Kura River fl ood that occurred in May, 2010 in Azerbaijan territory diff ered 
from previous fl oods. The main reasons for the fl ooding were consistent heavy rains 
at the same time in Turkey and Georgia, as well as in the territory of Azerbaijan. Ex-
treme water level rising destroyed embankments in many regions at the same time, 
and fl owed to the areas with a low level from the river mouth [2] (Fig. 3).

Fig. 3. Inundated areas during 2010 fl ood
Source: [9]

According to the hydrometeorogical data, comparing with previous years, the 
amount of precipitation in 2010 was higher up to 1.1 than the perennial norm (Fig. 4). 
For that reason, sharp increase of the water regime in rivers was observed (Fig. 5) [17].

For the regulation of the water consumption in the Kura River, the possibilities 
of the Mingachevir water reservoir was utulized and water collection almost reached 
to the maximum level (Fig. 6). At the same time, the dam of the reservoir faced with 
the threat of destruction and therefore there was the need to release excess water.
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Fig. 4. Annual average precipitation during 2008–2012 in Azerbaijan

c

Fig. 5. The tendency of change of the average annual water level in the Kura River in for the 
period of 2008–2012 over diff erent stations

Fig. 6. Average annual level in Mingachevir reservoir for the period of 2008–2012
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The rising of the water level in the riverbed caused not only destruction of 
dams, but also resulted with the rising of groundwater in the area with litt le alti-
tude diff erence to the riverbed, typically from one to several meters. Due to this 
low diff erence the sett lements in the region are constantly under threat. Fluctuation 
between 0.5–1 meters is suffi  cient for rising of groundwater level and inundation of 
residential sett lements located close to the river bed.

Usually, Salyan and Neftchala districts were mostly aff ected regions by fl ood-
waters, but during the 2010 fl ood, there were less inundations there than in other re-
gions (Imishli, Saatli, Sabirabad). Just with the rising of groundwater, the areas close 
to the riverbed with litt le altitude diff erence were subject to the impact of ground-
water.

Besides from the natural fl ooding in 2010, some areas were inundated intention-
ally. Therefore, on the 31st of May 2010, a new tributary from the Bahramtapa hydro 
junction on the Aras River in Imishli district was opened by The Ministry of Emer-
gency Situations of the Republic of Azerbaijan to overcome the consequences of the 
fl ood, clean fl ooded areas from fl oodwaters, and to reduce the water level (Fig. 7). 
A new tributary directed the stream of the river to the Mughan plain on the right 
bank of the Aras River, fl ooding a large part of the plain.

Fig. 7. Bahramtapa hydro junction
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3. Materials and Methods

During the 2010 fl ood, a map had been developed based on the data collected 
from the fi eld surveys during the fl ood and archival materials of the State Committ ee 
of Land and Cartography (SCLC) the Republic of Azerbaijan [1] (Fig. 8). But, the 
map that was produced by SCLC refl ected a period of a couple of days after the 
fl ood occurrence – from 26th of May to 29th of June.

Fig. 8. Illustration of the inundated areas according to the Kura River fl ood 
and opening a new branch of the Aras River in 2010 on the map

Source: [1]
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According to the map, approximately 70,000 ha were inundated in several dis-
tricts:

 – Sabirabad district – 43,726 ha,
 – Imishli district – 14,770 ha,
 – Hajigabul district – 2470 ha,
 – Bilasuvar district – 120 ha,
 – Saatli district – 8926 ha,

The map that was prepared by SCLC was compiled according to the data of 
July 7, 2010. The map was compiled with the use of topographic maps in 1:100,000 
scale as well. Generally, it was diffi  cult to delineate precisely the extent of fl ooded 
areas during the fl ood. At that time it was almost impossible to transfer the fi eld 
survey of the fl ooded areas into the map accurately due to the fl ood that covered the 
large area in a short time period.

In case of fl ood monitoring satellite data proved to be an eff ective method to 
get quick and precise overview of the fl ooded area [12], but unfortunately these data 
were not considered in the 2010 fl ood.

Currently, there are various satellites used by developed countries for diff erent 
purposes and typically free of charge for scientifi c research. For this study, Landsat im-
agery available at the website of the U.S. Geological Survey (USGS) was used [8]. Land-
sat satellite data are freely available, with suffi  cient spatial resolution and off er a good 
opportunity to map fl ooded areas. In the search, images captured as close to the fl ood-
ing date as possible, with low cloud cover were looked for. Images with bett er quality 
were acquired from Landsat 5 satellite and these images were selected for the study.

As a fl ood event is variable in space and time, it was diffi  cult to determine the 
scope and mapping of the fl ood only with one satellite imagery. Therefore, several 
satellite images were used to investigate the 2010 fl ood. For that reason, 6 satel-
lite images were obtained from the Landsat satellite that captured three diff erent 
dates (Tab. 1). One acquisition was made before the fl ooding (September 2009) as it 
was important to capture the extent of water bodies the study area in normal con-
ditions. One image was acquired during the fl ood (May 2010) and one immediately 
after (June 2010). For the analysis, satellite images provided as georeferenced AFR 
(multispectral) fi les were used.

Table 1. Metadata of the satellite images

Data set 
att ribute

Att ribute value

1 2 3 4 5 6

WRS Path 167 167 167 167 167 167

WRS Row 032 033 032 033 032 033

Date Acquired 2009/09/26 2009/09/26 2010/05/24 2010/05/24 2010/06/09 2010/06/09
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The obtained satellite imagery was processed with ArcGIS software. Riverbeds 
of both rivers (the Kura and Aras) and inundated areas were manually delineated 
with the use of the appropriate tools of the program. Firstly, riverbeds of both rivers 
and water bodies (lakes) around the river were manually demarcated. Then fl ooded 
areas were manually delineated on both May and June 2010 satellite images. During 
the fl ood, fl oodwater overfl owed protection dams and run into riverine water bod-
ies, thus resulting in the expansion of the water bodies. Due to that reason, it was 
necessary to demarcate the riverine water bodies (lakes).

To identify the total fl ood area, delineated boundaries of 2010 May and June 
satellite images were combined using the “Merge tool” of the ArcGIS software. After 
merging of the total area, the delineated boundaries were extracted from the 2009 
September image. The procedure (manual vectorisation) allowed us to reveal diff er-
ences before and after the 2010 fl ood and to determine the fl ooded area.

In the next stage, merged boundaries from 2010 May and June images were 
divided with the “Clip tool” of ArcGIS software using the administrative (district) 
division in vector format. The fl ooded area in the 2010 fl ood (condition in May and 
June in merged form) could be then estimated for districts, using the September 2009 
(pre-fl ood) image for comparison. Based on the percentage of fl ooded area, districts 
were grouped into mostly and partly aff ected ones.

4. Results

After delineation of the inundated areas and riverbeds for both rivers based on 
imageries that were acquired from the Landsat 5 satellite, the extent of the fl ooded 
areas (totally 127 436 ha for May and June) was revealed (Fig. 9).

Fig. 9. Results of LANDSAT satellite data
Source: [8]
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After comparing two delineated contours (the SCLC map and the May, June 
2010 satellite images), the signifi cant diff erences were revealed. For instance, in the 
selected area at Figure 10a in the map some inundated areas were not shown in 
the SCLC map at all. Although those areas were under fl ood waters already on the 
24th of May according to the satellite data, for the 26th of May the SCLC map shows 
these areas as dry land. At Figure 10b, inundated areas on the satellite image were 
shown as fl ooded on the 27th of May in the SCLC map. In other words, the extent of 
the fl ood in the 26th of May on the SCLC map was smaller than the fl ood visible on 
the satellite image for 24th of May.

Fig. 10. Comparative maps of the 2010 fl ood

Some inundated areas were selected for the comparative analysis of the two 
maps (Fig. 10).
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The other two selected areas were compared for the fl ood extent on the 9th of 
June. For some inundated areas fl ood waters withdrew. It was achieved through the 
new tributary that was opened from the Bahramtapa hydro junction. According to 
the 9th of June data, fl oodwaters withdrew in some inundated areas in the SCLC map. 
However, according to the contours that were obtained through satellite image, it is 
visible that fl oodwaters withdrew in a large part of those areas (Fig. 10c). In the next 
area (Fig. 10d), the direction of the fl ow for the 9th of June from the new tributary that 
was opened from the Bahramtapa hydro junction was compared. Again, there were 
some slight diff erences between the data of the SCLC map and the satellite image 
for the same date (the 9th of June): inundated areas were smaller in the map of SCLC.

According to the image of the 9th of June, a large part of the territory of the 
Sabirabad district was released from the fl ood waters by directing the fl ow through 
the newly opened tributary from the Bahramtapa hydro junction. But the fl ood in-
creased in other areas. Therefore, the new tributary from the Bahramtapa hydro 
junction was not eff ective enough to reduce the scale of the fl ooding. Several districts 
were aff ected by fl ood with various intensity. Sabirabad, Imishli and Saatli were 
heavily inundated districts, while Beylagan, Aghjabadi, Zardab, Shirvan cities, Saly-
an, Neftchala, Kurdamir, Hajigabul, Lankaran, Jalilabad and Bilasuvar districts were 
partly inundated districts (Fig. 11).

Fig. 11. Damaged districts in 2010 fl ood
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5. Discussion

The processing of Landsat satellite imageries through ArcGIS software signifi -
cantly helped to investigate the fl ood extent in the study area. Generally, the time 
of acquisition of the satellite data does not coincide with the time of the fl ood peak 
which is related to the maximum inundation area [14]. The long lasting fl ood in the 
study area (approximately 1 month) allowed, however, to select enough good quali-
ty images to capture the fl ood extent variations between late May and early June, yet 
a full investigation of the fl ood in the study area does not seem to be possible based 
on a single sensor with moderate temporal frequency.

It should be noted that a study by Wang [23] indicated that it is possible to use 
successfully remotely sensed data acquired days after a peak fl ood to capture most 
of its extent. In their study, an image acquired nine days after the fl ood event cap-
tured over 90% of the fl ood extent identifi ed in a survey carried out two days follow-
ing the event. Such results indicate the usefulness of remotely sensed data acquired 
days after a fl ood peak in mapping fl ood consequences, reducing at the same time 
the requirements to have concurrent remotely sensed data [13].

6. Conclusions

The main subject of this paper was the investigation of the Kura River fl ood 
in 2010 using satellite imageries and GIS tools. Such a study was conducted for the 
fi rst time. My investigation showed that the map that was produced by the respon-
sible government agencies diff ered from the interpretation of satellite Landsat data 
in several locations. It was found that the opening of the new tributary from the river 
was not fully eff ective in order to reduce the extent of fl ooded areas.

In the study, the appropriateness of remote sensing in determining the fl ood ex-
tent was confi rmed. Notably, for a relatively long fl ood event freely available Land-
sat data with a moderate temporal frequency proved to capture well fl ood dynam-
ics. Combined with GIS tools, Landsat images helped to map fl ooded areas at two 
dates, and to estimate the magnitude of fl ooding, allowing to indicate completely 
and partly inundated areas during the fl ood. The method can be used not only for 
the determining of districts that were exposed to the fl ood, but also to identify inun-
dated sett lements and municipalities at the larger scale and resolution. In this way, 
remote sensing and GIS may support prevention measures and help to minimize 
fl ood damage at next fl ood events.
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