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Öz 
Su kaynaklarının pek çoğu iki ya da daha fazla ülke tarafından paylaşılmaktadır. Gelişmemiş 
ve gelişmekte olan bazı ülkeler için su yönetiminden kaynaklanan anlaşmazlıklar çok büyük 
sorunlar meydana getirebilir. Bundan dolayı, sınır aşan su kaynaklarının sürdürülebilirliğinin 
sağlanabilmesi için sürekli izlenmesi gerekmektedir.  
 
Son yıllarda uzaktan algılama verileri ile su alanlarının izlenmesi başarılı bir şekilde 
yapılmaktadır. Bu çalışmada, Kuzey Makedonya ile Yunanistan arasında paylaşılan Dojran 
Gölünün otuz yıllık değişimleri uzaktan algılama teknikleri kullanılarak incelenmiştir. Landsat 
görüntülerinden elde edilen endeksler gölün izlenmesi için kullanılmıştır. Su seviyesi ölçüm 
istasyonundan elde edilen veriler ile karşılaştırıldığında, sonuçlar 0,79'dan yüksek 
determinasyon katsayısı göstermiştir. Çalışmanın sonucunda göl için en kritik yıl 2002 iken, 
2017 yılında 1986 yılındaki su seviyesine ulaştığı görülmüştür.  
 
Sürdürülebilirlik ve eşitlik içeren uzun vadeli su planlama ve yönetimine yönelik yeni 
yaklaşımlar, su hakkı konusundaki ihtilafların azaltılması ve özellikle paydaş olan ülkeleri de 
etkileyebilecek ekolojik ve çevresel felaketlerin önlenmesi için gereklidir. 
 
Bu tür uluslararası sınır aşan su kütlelerinin ortak kullanımı, paydaş ülkeler için su kıtlığına ve 
ekolojik sorunlara direnç sağlayabilir. Bu nedenle, uzaktan algılama teknolojilerini kullanarak 
su kütlelerinin belirlenmesi ve gerekli ölçümlerin yapılması büyük önem taşımaktadır. Bu 
çalışma böyle bir değişimin yüksek doğrulukla belirlenebileceğinin önemli bir örneğidir. 
Anahtar Kelimeler: Uzaktan Algılama, Su Alanı, Jeopolitik, Uluslararası İlişkiler. 

 
Monitoring Shared International Waters with Remote Sensing Data  

 
Abstract 
Many freshwater bodies are shared by two or more countries. Managing shared water can 
cause conflicts over freshwater rights and may become a brake on development for some 
struggling nations. Frequent water bodies monitoring is a crucial part of their sustainable 
management. 
 
As remote sensing data can be useful in monitoring water bodies, in this study, three-decade 
changes of a shared lake between North Macedonia and Greece, Dojran Lake, have been 
investigated using remote sensing techniques. For that purpose, several indices retrieved 
from the Landsat have been used for monitoring the Lake. The results from the analyses 
have been compared with the data from a water level gauging station, and the results 
showed a strong coefficient of determination higher than 0.79. Results show that the most 
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critical year for the Lake has been 2002 when it started recovering and by the year of 2017 
has gained its water area as in 1986. New approaches to long‐term water planning and 
management that incorporate principles of sustainability and equity are required for lowering 
the conflicts over water rights, and especially to avoid ecological and environmental 
catastrophes that may affect both of the sharing countries. 
 
The joint use of such international cross-border water bodies can create resilience to water 
scarcity or ecological problems for each country. Therefore, it is of great importance to 
determine these water bodies using remote sensing technologies and to take necessary 
measurements. This study is an example that such an event can be determined with high 
accuracy. 
Keywords: Remote Sensing, Water Area, Geopolitics, International Relations. 
 
1. INTRODUCTION  
 
The concept of security, which in international relations is more prominent to military 
relations, has expanded in terms of content and scope. In this context, new non-military 
elements that pose a threat to peace and security are also included in the scope of security. 
One of these elements is environmental problems, from where the concept of environmental 
security comes. Thus, environmental problems have come to the forefront in the security 
perceptions and policies of the states. Water resources constitute one of the critical issues 
within the scope of environmental security. Water, which is an indispensable resource for life, 
has become a serious global problem due to many factors such as global warming and 
drought. With the geographical fact that many sources of freshwater are shared by two or 
more nations, has become an agenda item that must be dealt with in the discipline of 
international relations. Conflicts over water rights may become a brake on development for 
some struggling nations; thus, water bodies monitoring as a crucial part of their sustainable 
management needs to be done frequently. 
 
Geospatial and remote sensing analysis are widely used for water bodies monitoring, and the 
results can be helpful for decision making and mitigate drought impacts (Elkollaly, Khadr, & 
Zeidan, 2017; Khadr, 2017; Sigdel & Ikeda, 2010). Remote sensing data may be the only 
source of providing spatially distributed data at multiple scales and on a consistent and timely 
basis. Remote sensing instruments and techniques provide information for soil and water 
studies related to ecosystem sustainability, drought mitigation, water balance, and water 
quality and land use and land cover changes (Ustin, 2004). Monitoring water levels and 
discharges with remote sensing data has been done with radar altimetry (Bogning et al., 
2018), or altimetry data obtained from ENVISAT and ERS-2 satellites (Munyaneza, Wali, 
Uhlenbrook, Maskey, & Mlotha, 2009),  multiple satellite altimetry data and Moderate 
Resolution Imaging Spectroradiometer (MODIS) for estimating continental river basin 
discharges (Sichangi et al., 2016). Also, optical remote sensing imagery like Landsat have 
been used for water bodies monitoring (Gleason & Smith, 2014; Gleason, Smith, & Lee, 
2014). A combination of optical and radar images has also been used for the extraction of 
water bodies (Nakmuenwai, Yamazaki, & Liu, 2017). All of the mentioned studies use 
measuring from gauging stations to compare the obtained results.  
 
Landsat legacy has been widely used as a source of data. Starting from 1984, Landsat 5 has 
been the longest-operating satellite that stopped working in 2011 and has provided many 
satellite images today used for time-series researchers (USGS). Remote sensing data are 
also taking part in drought monitoring using different indexes. According to Nemani and 
Running (Nemani & Running, 1989), combining lands surface temperature and vegetation 
indices are of great interest for drought monitoring. Orhan et al. (Orhan, Ekercin, & Dadaser-
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Celik, 2014) used Land Surface Temperature (LST), Normalized Difference Vegetation Index 
(NDVI), Vegetation Condition Index (VCI) and Temperature-Vegetation Index (TVX) for 
monitoring drought in the Salt Lake, Turkey. Keshavaraz et al. used Soil Wetness Index 
(SWI) to evaluate soil moisture deviation as an indicator of agricultural drought (Keshavarz, 
Vazifedoust, & Alizadeh, 2014). Other researchers used Normalized Difference Water Index 
(NDWI) and other indices for water area changes and drought monitoring (Gao, Gao, & 
Chang, 2011; Omute, Corner, & Awange, 2012). NDWI can also be used for calculating lost 
water areas. The drought problem caused by climate change has made it necessary to 
ensure the effective management of water resources.   
 
In this paper, three-decade changes of a shared lake between North Macedonia and Greece, 
Dojran Lake, have been investigated using remote sensing data and techniques. Also, the 
correlation between NDWI, NDVI, LST, and measurements retrieved from gauging station as 
a more straightforward method for drought and water level monitoring of Dojran Lake has 
been investigated. The indices were calculated from Landsat TM, ETM+, and TIRS. The 
monitoring has been made in the period 1986 to 2017 in the summer period using 29 satellite 
images taken in July and August. Also, the results have been compared with data from the 
water level gauging station Nov Dojran for the period of 1986-2010. 
 
2. MATERIAL AND METHODS 
 
2.1 Study area and Data 
Dojran Lake is one of the smallest lakes of the Balkans located in the southeastern part of 
North Macedonia shared by Macedonia and Greece, and it represents a significant 
hydrological resource for the surroundings. The water surface of the Lake is approximately 
42 km2 at an elevation of 147.4 m above sea level (asl), and more than 63% belongs to North 
Macedonia. The watershed length is 33.5 km on the North Macedonian side and 46.3 on the 
Greek side (Figure 1) (Bonacci, Popovska, & Geshovska, 2015). The Lake is fed by creeks, 
small rivers, and springs, with most of the runoff coming from the Belasica Mountain (Zhang, 
Reed, Wagner, Francke, & Levkov, 2014). This tectonic Lake is an important part of the 
region both for agriculture and tourism, and it is attracting many tourists during the summer. 
In this study, a 350 m buffer from the most prominent form from 1986 to 2017 has been 
taken as a study area. 
 

 
Figure 1. Dojran`s Lake watershed (Bonacci et al., 2015) 
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For the analyses, satellite images from Landsat TM, ETM+, and TIRS have been used. 
Landsat 4-5 TM data has been used for the period from 1986 to 2011, Landsat 7 ETM+ data 
has been used for the period from 1999 to 2015, and Landsat 8 TIRS/OLI data were used 
from 2013 to 2017. It should be mentioned that SLC correction has not been carried out on 
the Landsat-7 images since the study area has not been affected by the error. The satellite 
images were downloaded from USGS web page. Total of 29 satellite images with Path 184 
and Row 81 were processed. The dates of the satellite images were chosen in the summer 
period of late July and August (Table 1). 

 
Table 1. Details for the used satellite images 

Satellite Day Month Year 
Landsat 5 1 8 1986 
Landsat 5 19 7 1988 
Landsat 5 12 8 1990 
Landsat 7 28 7 1999 
Landsat 7 15 8 2000 
Landsat 7 2 8 2001 
Landsat 7 5 8 2002 
Landsat 5 16 8 2003 
Landsat 7 9 7 2004 
Landsat 7 28 7 2005 
Landsat 5 23 7 2006 
Landsat 7 15 7 2006 
Landsat 5 26 7 2007 
Landsat 7 3 8 2007 
Landsat 7 21 8 2008 
Landsat 5 31 7 2009 
Landsat 7 23 7 2009 
Landsat 5 3 8 2010 
Landsat 7 11 8 2010 
Landsat 5 21 7 2011 
Landsat 7 14 8 2011 
Landsat 7 19 8 2013 
Landsat 8 11 8 2013 
Landsat 7 21 7 2014 
Landsat 8 19 7 2014 
Landsat 7 24 7 2015 
Landsat 8 2 8 2015 
Landsat 8 3 8 2016 
Landsat 8 6 8 2017 

 
Additionally, data from the meteorological station Nov Dojran and the water level gauging 
station used in Bonacci et al. (Bonacci et al., 2015) were used for comparison of the obtained 
results. Data from the Dojran municipality were also used in this paper taken from the 
municipalities’ webpage (Dojran-info). 
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2.2 Methods 
In the boundaries of the study area (350-meter buffer from the border of the lake) NDWI, 
NDVI, and LST indices were used. The NDWI is used for delineate open water features and 
enhance their presence in remote sensed data. The NDWI uses reflected near-infrared 
radiation and visible green light helping us to distinguish the water bodies from the soil and 
terrestrial vegetation features (McFeeters, 1996).  
 

NDWI=
Green-NIR
Green+NIR

                                                                     (1) 

 
The NDVI was also used for distinguishing the water bodies, and it was compared to the 
NDWI. The NDVI analyzes are usually made for vegetation mapping, but with its 
classification, vegetation can be easily separated from urban areas, barren lands, water 
bodies etc. Values for NDVI ranges from 1.0 to -1.0; higher values indicate a higher 
concentration of green vegetation. Lower values indicate non-vegetated features, such as 
water, barren land, ice, snow, or clouds (Sabins, 1997). The NDVI values were classified into 
four land-cover types.  Values lower than 0 were classified as barren land or water area, 
values from 0 to 0.2 correspond to bared soil, values from 0.2 to 0.50 represent a mixture of 
soil and vegetation and values above 0.5 correspond to a fully vegetated area (Sobrino & 
Raissouni, 2000). The NDVI data from the three different sensors were directly compared 
since there is no significant difference in their values (Li, Jiang, & Feng, 2014).   
 

NDVI=
NIR-Red
NIR+Red

                                                                    (2) 

 
For the estimating of the LST, Plank`s method has been chosen  (Artis & Carnahan, 1982). A 
tool in QGIS has been used for calculating the LST from Landsat TM and ETM+. For more 
detailed information, see Ndossi and Avdan (Isaya Ndossi & Avdan, 2016). The LST from 
Landsat TIRS was retrieved using the tool in Erdas IMAGINE (Avdan & Jovanovska, 2016).  
The results from the LST has been used to investigate the temperature behavior with the 
water area changing. Observations were made separately for the three different sensors; 
Landsat TM from 1986 to 2011, for Landsat ETM+ from 2002 to 2014 and Landsat 8 from 
2013 to 2017.  
 
The analyses were made for each satellite image. In total, 29 satellite images were 
processed but in the results, not all of them were taken since some of the years were 
overlapping. In general, images from Landsat ETM+ were used. Still, the overlapping images 
were compared and a significant difference hasn’t been noticed. The results from the satellite 
images have been compared with the results taken from the water level gauging station 
(Bonacci et al., 2015). 
 
3. RESULTS AND DISCUSSION  
 
The NDWI analysis for 1986 - 2017 showed that starting from 1986 - 2002 the lakes area has 
been lowering drastically when it hits the lowest point of a 31.9 km2 from 39.2 km2 in 1986. 
After 2002 the area is starting to grow, hitting record 39.6 km2 since 1986. The NDVI results 
showed similar results to the NDWI results. Starting from 1986 the water area has been 
decreasing with the lowest point in 2002 with 32.0 km2 and then reaching its highest point in 
2017 with 40.1 km2 (Figure 2). 
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Figure 2. Time data series from NDVI and NDWI results in km2. 
 
From the observation of Figure 2, it is obvious the similarity between them that can be 
noticed from the considerable high value of the correlation coefficient R2 of 0.97. A relation 
table was made for all obtain results from all satellite images (Figure 3). Both of the analyses 
showed 2002 as the lowest point in the data series.  
 

 
Figure 3. Relationship between NDWI and NDVI results 

 
To decide which index bring more accurate results for water analysis, we compared our 
results with the results of previous researchers. Bonacci et al. (Bonacci et al., 2015) analyzed 
transboundary Dojran Lake mean annual water level changes using the meteorological and 
hydrological data obtained from Nov Dojran gauging station. The provided data are from the 
period 1952 - 2010. The computation was made using the overlapping dates, the period from 
1896 to 2010 (Figure 4). A correlation was made between the average annual water level 
values and the NDWI and NDVI values (Figure 5). As expected, the NDWI has given better 
results than the NDVI. The reason for the expectation was the fact that in the NDVI analysis 
in the group of values lower than zero are also barren land, snow, and clouds. 
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Figure 4. Time data series of average annual water levels for Dojran Lake at Nov Dojran 

hydrological station for the period 1986-2010. 
 

 
Figure 5. The correlation coefficient between the average water level and the NDWI and 

correlation coefficient between the average water level and the NDVI 
 
If the water at some points is fully vegetated, the area can appear as a vegetation area 
instead of a water area.  The correlation coefficient between the average water level and the 
NDWI values has a significant value of R2 > 0.79, while the correlation with the NDVI values 
is considerably lower with R2 of 0.70.  The relations are shown in Figure 5. From the results, 
it was concluded that both NDWI and NDVI could be used for water changes monitoring, but 
NDWI gave better results. Both indexes have reached the minimum and maximum points of 
the water level according to the in situ data. The significant rising of the water level after 
2002, according to Dojran municipality data (Dojran-info), occurred after the activating of the 
hydro system Gjavato made with the project started by the government of the Republic of 
North Macedonia in 1999 for saving the Dojran Lake. According to the project, the hydro 
system with the functionality of 90% can bring 28 x 106 m3 water per year in Dojran Lake. 
With this amount of water, the system needs to pump water for at least 10 to 12 years, with 
an annual water loss of 10 to 15x106 m3 (Matlievska). The first water from the system started 
to run into the Lake in September 2002. 
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In Figure 6, an NDWI map of the study area has been shown from 1986, 2002, and 2017 
respectively. The difference, the decrease in 2002, and then the increase of the water are 
easily noticeable. Comparing the starting point, 1986, and the lowest point of the water area, 
2002, the difference is easily noticeable in Figure 6. 
 

 

 
 

Figure 6. NDWI map of the study area from 1986, 2002 and 2017 respectively 
 
 
 

 
 
Figure 7. Comparative map of the water body retrieved from NDWI values from: a) 1986 – 
2002 and b) 2002 – 2017 
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From Figure 7, the significant drought of the Lake can be seen. According to the NDWI 
analysis, the water has lost more than 7 km2 water area. The most significant loss can be 
seen in the southern region, with the withdrawal of the water line approximately 860 meters. 
Also, extremely high withdrawal has been noticed in the eastern part with 750 meters. In the 
southern part of the study area, islands can be spotted. This is reasonable, taking into 
consideration the average and maximum depth of the lake (6.5 m and 10.4 m, respectively). 
Also, according to the data from the gauging station, the water level was lowering from 1.5 
meters in 1986 to -3.6 meters. The same comparison was made between 2002 and 2017. 
From Figure 7, the improvement of the water body can be seen. The southern, northern and 
western parts of the Lake have been fully recovered since 1986, and there are some 
improvements in the eastern part. In the southern part, the improvements have come up to 
860 meters’ water body line, south up to 500 meters, and to the western part, the water body 
line has improved up to 500 meters from 2002 or 350 meters from 1986. According to the 
results discussed, it can be concluded that Dojran Lake has been recovered or gain its water 
area back since 1986. 
 
The LSTs from two Landsat satellite images from 2002 and 2015 were compared. While the 
water area results showed that the water area was smaller in 2002, the mean LST of the 
study area showed a slight growth of 0.5 °C in 2015. After 2002, the water level has one of 
the most significant increases of 3.3 km3; however, the mean LST of the study area has 
decreased by 0.76 °C (Figure 8b). According to the results, it is hard to set a link between the 
water area decreasing and the LST. 
 
Compared with other studies, using NDWI from Landsat images for water bodies monitoring 
is a competitive method besides other remote sensing data and methods. Munyaneza et. at 
(Munyaneza et al., 2009) achieved R2 of 0.86 with ENVISAT data and R2 of 0.77 with ERS-2 
data and improved the extraction with a combination of the two datasets. Sichangi et. al 
(Sichangi et al., 2016) achieved different R2 values varying from 0.41 to 0.96. The used 
method in this study is simple and less time consuming compared to the other studies.    
   
  

 
Figure 8. LST maps a) Landsat 7- 2002; b) Landsat 8 – 2015 
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4. CONCLUSION 
 
Water bodies are an essential part of nature and the environment. Their monitoring is a 
crucial part of their welfare and protection. Over the past ten years, many advanced remote 
sensing instruments have been initiated that collect information that can be used for 
monitoring different aspects of drought. In this study, using remote sensed images 
monitoring of Dojran Lake has been made. The results were compared with the results of the 
water level gauging station. 
 
In conclusion, we can bring up that remote sensed images are a rich source for monitoring 
the water body changes. This kind of monitoring can be useful in cases like the Dojran Lakes 
case where there is not enough available data on the water level changes. According to the 
previous researches, the biggest problem for Dojran sustainable water resources 
management is the lack of data exchange between the sharing countries. The ecological 
catastrophe of the Dojran Lake has been known for several years. In ecological security 
frames, it has been known that one of the sharing countries did not respect the contract 
made by the two parties. It has been established that this disagreement has caused an 
ecological threat to the lake leading to lowering the water level, the tourism in the area, and 
has caused health issues as well. Thus, the new approaches to long‐term water planning 
and management that incorporate principles of sustainability and equity are necessary for 
lowering the conflicts over water rights, and especially to avoid ecological and environmental 
catastrophes that may affect the sharing countries.  
 
This study is a simple case of how remote sensing data and techniques can help in planning 
and decision making related not only to the water body changes but also to the 
environmental problems. For future studies, as an addition to the Landsat data, data from 
Sentinel-2 satellite with higher spatial resolution can be included in water bodies and drought 
monitoring researchers. 
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