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1. INTRODUCTION  

1.1. THE FLOODGUARD PROJECT 

The project focuses on the challenges of flood risk management via integrated actions for joint coordination 
and responsiveness to flood risks in the Cross-Border (CB) area of Greece and Bulgaria. This area is vulnerable 
to climate change and its negative impacts, which needs adequate coordination for cross-border 
management. The territories covered by the project need to increase significantly their adaptive capacity to 
climate change, i.e. the international river basins of the cross-border rivers - Strymon-Struma, Nestos-Mesta, 
Ardas-Arda and Evros-Maritsa. The effective management of flood risks is of high importance and affects high 
number of population and surface area. The project actions are directly oriented to joint coordination of five 
flood risks management plans (FRMP) for international rivers - two plans for Bulgarian territory (FRMPs of 
East Aegean and West Aegean) and three plans for Greek territory (FRMP of Eastern Macedonia, Thrace 
Water District and Evros river). 

The project, which started on Apr 01, 2019, has as a main objective to strengthen the capacity of authorities 
to ensure effective, integrated joint coordination and responsiveness to flood risks in the CB area. The project 
addresses different aspects of flood risk management in order to provide integrated results and the following 
sub-objectives have been defined: 

(1) introducing a joint institutional approach for assessment, planning, prevention and fighting against floods 
of authorities; 

(2) increasing the technical and administrative capacity of civil protection services for joint actions in the field 
of preparedness and response in cases of floods; 

(3) introduction of effective information exchange structures and systems for flood risk assessment, 
mitigation and management; 

The project introduces the latest achievements in information systems and will add value by combining the 
capacity, planning and future development of national policies from the two countries in the field of flood 
risk management. 

The objectives for improved administrative capacity will be achieved through provision of training facilities 
and joint trainings of first responders, supply of equipment and training software, as well as elaboration of 
bilateral standards and operational procedures for actions in cases of floods. The introduction of a joint 
institutional approach for flood risk management will be achieved through the establishment of a Joint 
Working Group for prevention and reaction in cases of floods. Introduction of effective information exchange 
structures and systems for flood risk assessment, mitigation and management will be achieved through 
development of data collection, analyses and assessment tools, as well as development of information tools 
and structures for flood risk mitigation via GIS functionalities, early warning systems, transfer lines, flood 
forecasting systems, development of a common regional database management system.  

 

1.2. SCOPE OF PRESENT REPORT 

The FLOODGUARD project is embedded in the efforts to develop the proper tools for alarming and mitigating 
the risk of floods in the CB area. This report focuses on the transboundary basin of Evros-Maritsa (Figure 1-1). 
The small topographic slope of the Evros basin towards the Aegean Sea has resulted in the past to significant 
floods and the banks of the river were elevated to provide protection against floods. However, these efforts 
need to be enhanced with new tools, especially in the light of the imminent climate change. Although 
flooding is influenced by many factors, such as the topography of the river basins, it is largely determined by 
climate parameters, such as the intensity and the duration of precipitation and water saturation of the soil. 
Changes in the mean or the extreme values of the climatic parameters can thus lead to concomitant 
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variations or shifts in the probability of flooding. As a result, the European Environmental Agency and other 
organizations recognize floods as natural disasters on which climate change can have a large impact. In order 
to better assess the flood risks in the future, it is imperative to have a good knowledge of the state of current, 
but also past climate of the region, as well as the changes that main climatic parameters have already 
undergone. Therefore, before attempting future climate analyses and implementing proper tools for 
alarming and mitigating the risk of floods in the region of the Evros basin, it is useful to analyze the past and 
current climate state of the region. This report for the FLOODGUARD project undertakes the task of analyzing 
the climatology of the region of the Evros basin focusing on the main climatic parameters that influence the 
hydrological cycle and the available water resources, and also addressing its possible changes in a warming 
climate. 

 

Figure 1-1. Study region (yellow marks the boundaries of Evros/Maritsa hydrological basin). 

The analysis of the current climate of the region and its possible future changes was split into four stages. 
During the first stage (Chapter 2 of the report), meteorological/climatological data were collected from three 
sources. The first is ground meteorological stations in the region, that are considered to be the benchmark 
regarding the reliability of the measurements. However, their spatial and temporal coverage of the basin is 
limited. Therefore, the analysis was mainly based on two other sources: satellite measurements of 
precipitation obtained from two collections (GPCP and IMERG) and reanalysis data from the Medium-Range 
Weather Forecasts (ECMWF) containing a rich collection of meteorological/climatological parameters that 
are of interest and relevant to the hydrological cycle, as well as covering a larger period in time. The satellite 
and the reanalysis data were first evaluated using the measurements of the surface stations. The 
meteorological variables were then processed, and the long term mean as well as the anomalies of relevant 
parameters, such as temperature and precipitation, were analyzed. Their long-term trends were also 
calculated, focusing on possible changes that have occurred due to the warming climate.  

Such changes that have already occurred, were further investigated during the second stage (Chapter 3 of 
the report), where climatic indices from the European Climate Assessment and Dataset (ECAD) were 
analyzed. Such indices are identified globally or locally and shed light into certain aspects of the global or 
local climate and their long-term trends. The most relevant indices to the hydrological cycle and flooding for 
the region of the Evros basin were identified and were studied along with their trends. During the third stage 
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(Chapter 4 of the report), future climate predictions for the region were reviewed as the latest IPCC report 
identified the Mediterranean basin as one of the hot spots of climate change. The predictions were based on 
climate model simulations from the Climate Model Inter-comparison Project (CMIP5) covering the whole 
globe. These simulations were obtained for different Representative Concentration Pathway (RCPs) scenarios 
regarding the emission of greenhouse gasses. Specifically, the 2.6, 4.5, 6.0 scenarios corresponding to 
ŜȄǇŜŎǘŜŘ ǊŀŘƛŀǘƛƻƴ ōǳŘƎŜǘ ŀƴƻƳŀƭƛŜǎ ƻŦ нΦсΣ пΦрΣ сΦл ˁʰʽ уΦр ²κƳ2 for the year 2100 were considered as the 
most plausible and representative of the expected anthropogenic climate forcing. In addition, simulations of 
regional climate models (RCMs) from the Coordinated Regional Climate Downscaling Experiment (CORDEX) 
were analyzed focusing on the future projections of the relevant climate parameters that significantly 
influence flooding. Such models take into account the characteristics of the basin and therefore simulate 
better the climate of the region. During the fourth and final stage (Chapter 5 of the report), an extensive 
review of the literature regarding management of flooding incidents and mitigation of flooding risks was 
performed, especially under the scope of transboundary basins and rivers, and the best practices were 
recorded. 

Table 1-1. Working group. 

NAME QUALIFICATIONS 

Apostolos Tzimas, Coordinator Civil Engineer, MSc in Science and Technology Policy 

Alexandros Ziogas Civil Engineer, PhD, MSc Water Resources and Environment 

Evangelos Romas Civil Engineer, MSc in Water Resources and Environment 

Ioanna Anagnostou 
Chemical Engineer, MSc in Environmental Sustainability, MSc in Science and 
Technology of Water Resources 

Nikolaos Papageorgiou Civil Engineer 

Aristides Bartzokas Professor, Physics, PhD, MSc, Meteorology and Climatology 

Nikolaos Hatzianastassiou Professor, Physics, PhD, MSc, Meteorology and Climatology 

Nikolaos Bakas Assistant Professor, Physics, PhD, MSc, Applied Mathematics 

Marios Korras-Carraca M.Sc. Atmospheric Sciences and Environment 

 

Table 1-2. Review and Receipt Committee of the Contracting Authority. 

Permanent Members 

Dr Eleni Athanasiou 
Head of Department of Flood Risk - Water Scarcity Management & 
Management of Water Demand, General Secretariat for Natural Environment & 
Water, Ministry of Environment & Energy 

Konstantinos Papaspyropoulos 
Department of Costing and Pricing of Water Services, General Secretariat for 
Natural Environment & Water, Ministry of Environment & Energy 

Stylianos Koutrakis 
Department of Flood Risk - Water Scarcity Management & Management of 
Water Demand, General Secretariat for Natural Environment & Water, Ministry 
of Environment & Energy 

Reserve Members 

Maria Gkini 
Head of Directorate of the Protection and Management of the Aquatic 
Environment, General Secretariat for Natural Environment & Water, Ministry of 
Environment & Energy 

Anna Fokaefs 
Department of Flood Risk - Water Scarcity Management & Management of 
Water Demand, General Secretariat for Natural Environment & Water, Ministry 
of Environment & Energy 

Dr Dionysios Marinos 
Department of Flood Risk - Water Scarcity Management & Management of 
Water Demand, General Secretariat for Natural Environment & Water, Ministry 
of Environment & Energy 
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2. QUALITATIVE AND QUANTITATIVE ASSESSMENT OF REGIONAL CLIMATE PARAMETERS 

2.1. CLIMATOLOGICAL DATA AND EVALUATION 

2.1.1. Climatological data used 

As described in the Introduction, we utilized two datasets of observations covering the whole region of the 

basin. The first is the dataset from the Global Precipitation Climatology Project (GPCP). In this dataset, data 

from rain gauge stations, satellite products and sounding observations have been merged to produce 

monthly rainfall on a 0.5o global grid from 1983 to the present. The second is the Integrated Multi-satellite 

Retrievals for GPM (IMERG) dataset, in which an advanced algorithm combines information from the GPM 

satellite constellation to estimate precipitation over the globe. The algorithm fuses the precipitation 

estimates from the TRMM satellite with the more recent estimates collected during the operation of the 

GPM satellite to produce a single time series of monthly precipitation from 2000 until the present with a 

horizontal analysis of 0.1o.  

As these satellite measurements cover only the recent period and provide information only for precipitation, 

reanalysis data were also utilized. These data are based on the assimilation of meteorological measurements 

from surface meteorological stations on the ground and on ships, from soundings released daily from specific 

sites around the globe and from satellites using a numerical weather forecast model. The end product is 

hourly estimates of a large number of atmospheric, land and oceanic climate variables over a long period in 

time. These variables are given at a three-dimensional grid with a global horizontal coverage and at numerous 

vertical levels from the surface to the upper layers of the atmosphere. From the available reanalysis datasets, 

the ERA5-ECMWF data were chosen over the Reanalysis-1 data of the National Centers for Environmental 

Prediction/National Center for Atmospheric Research (NCEP/NCAR) and the Modern-Era Retrospective 

analysis for Research and Application (MERRA-2) data of NASA, as they have a superior horizontal analysis 

(the area is covered with a denser horizontal grid) and the time series are longer. The horizontal analysis in 

ERA5 is 30 km, while data is available on 137 vertical levels and covers the time period since 1959. The 

horizontal spatial resolution of all three datasets, as well as their temporal resolution and time coverage are 

summarized in Table 2-1. 

Table 2-1. ʆŜƳǇƻǊŀƭ coverage and spatio-temporal resolution of satellite (GPCP and IMERG) and reanalysis 

(ECMWF-ERA5) data sources.  

            ʆŜƳǇƻǊŀƭ ŎƻǾŜǊŀƎŜ {Ǉŀǘƛŀƭ ǊŜǎƻƭǳǘƛƻƴ ¢ŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴ 
  

9/a²C 
ό9w!рύ 

мфрф ς ǇǊŜǎŜƴǘ лΦнрϲ Ҏ лΦнрϲ ƳƻƴǘƘƭȅ 
Řŀƛƭȅ όƻƴƭȅ ǘŜƳǇŜǊŀǘǳǊŜύ 

Dt/t WŀƴǳŀǊȅ мфуо ς 5ŜŎŜƳōŜǊ нлнл лΦрϲ Ҏ лΦрϲ ƳƻƴǘƘƭȅ 

La9wD WǳƴŜ нллл ς {ŜǇǘŜƳōŜǊ нлнм лΦмϲ Ҏ лΦмϲ ƳƻƴǘƘƭȅ 
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The satellite data and the reanalysis data were first evaluated against measurements from surface 

meteorological stations in the region. All data sources for the region have been investigated and data which 

became available were utilized in the current investigation. Time series from the Alexandroupolis HNMS 

station, publicly available and covering the time period between 1975 and 2004, have been used. We also 

used data from four weather stations operated by the National Observatory of Athens (NOA) that were 

installed rather recently and therefore cover roughly the last decade. Note that there are also two other NOA 

stations in Dikaia and Alexandroupolis port. But these stations have started their operations very recently 

(during the last year) and were not considered. The spatial coverage and investigations were further 

ŜȄǘŜƴŘŜŘ ōȅ ǳǘƛƭƛȊƛƴƎ ǘƘŜ ŘŜƴǎŜ aƛƴƛǎǘǊȅΩǎ ǎǘŀǘƛƻƴ ƴŜǘǿƻǊƪΣ ŀǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ǎŜŎǘƛƻƴ 2.1.3. The sites of the 

meteorological and hydrological stations used are shown in Figure 2-1 and their exact period of coverage is 

shown in Table 2-2 (and Table 2-7). 

 
(i) 

 
(ii)  

Figure 2-1. Study region, (i) NOA and HNMS meteorological stations and (ii) MEE and MRDF 
hydrometeorological stations, whose data were utilized in the analysis. 

Periodic flooding can occur during periods of rain or snow. In the event of significant amounts of 

precipitation, some of the water is absorbed by vegetation or retained in the soil, some evaporates at the 

surface, while the rest travels as surface runoff. Flooding occurs when either the amount of precipitation or 

its rate is excessively large, or when the area of the river basin is already saturated with water from previous 

events. Therefore, the meteorological/climatological parameters that significantly influence flooding are 

precipitation in the area of the basin that provides the water load, temperature that affects the amount 

rainfall as well as surface evaporation, relative humidity, the amount of surface evaporation, as well as water 

soil content. The satellite data sets provide only precipitation estimates, while the surface stations provide 

measurements of precipitation, temperature and relative humidity. The rest of the parameters (evaporation 

and soil water content) were available only for the reanalysis data. The availability of data from the sources 

used are summarized in Table 2-3, while their temporal coverage is listed in Table 2-1 and Table 2-2. For all 

of these parameters, the monthly means were obtained from all the three sources (satellite, reanalysis and 

ground stations), or when these data were not directly available on a monthly level the monthly mean was 

calculated based on the hourly values (in the case of temperature for the ERA5 data). 
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Initially, the satellite and reanalysis data were evaluated against the measurements from the ground stations 

(section 2.1.2). Then, the climatological monthly mean values of the meteorological/climatological variables 

were analyzed along with the corresponding anomalies and the long-time trends (section 2.2). 

Table 2-2. ʆŜƳǇƻǊŀƭ ŎƻǾŜǊŀƎŜ ƻŦ bh! ŀƴŘ Iba{ ǎǘŀǘƛƻƴǎ ǿƘƻǎŜ Řŀǘŀ ǿŜǊŜ ǳǎŜŘ ŦƻǊ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǎŀǘŜƭƭƛǘŜ 
ŀƴŘ ǊŜŀƴŀƭȅǎƛǎ ŘŀǘŀΦ 

¢ȅǇŜ ƻŦ {ǘŀǘƛƻƴǎ ʆŜƳǇƻǊŀƭ ŎƻǾŜǊŀƎŜ 

bh! {ǘŀǘƛƻƴǎ  

!ƭŜȄŀƴŘǊƻǳǇƻƭƛǎ hŎǘƻōŜǊ нллу ς Wǳƭȅ нлнн 

5ƛŘȅƳƻǘŜƛŎƘƻ aŀǊŎƘ нлмп ς Wǳƭȅ нлнн 

aŜǘŀȄŀŘŜǎ CŜōǊǳŀǊȅ нлмл ς Wǳƭȅ нлнн 

hǊŜǎǘƛŀŘŀ Wǳƭȅ нллс ς Wǳƭȅ нлнн 

Iba{ {ǘŀǘƛƻƴ  

!ƭŜȄŀƴŘǊƻǳǇƻƭƛǎ WŀƴǳŀǊȅ мфтр ς нллп 

 
Table 2-3. 5ŀǘŀ ǎƻǳǊŎŜǎ ŀƴŘ ŀǾŀƛƭŀōƛƭƛǘȅ όƎǊŜŜƴƛǎƘ ŎŜƭƭǎύ ƻŦ ǘƘŜ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭκŎƭƛƳŀǘƻƭƻƎƛŎŀƭ ǾŀǊƛŀōƭŜǎ ǳǎŜŘ 
ƛƴ ǘƘŜ ŀƴŀƭȅǎƛǎΦ 

             tǊŜŎƛǇƛǘŀǘƛƻƴ ¢ŜƳǇŜǊŀǘǳǊŜ wŜƭŀǘƛǾŜ 
IǳƳƛŘƛǘȅ 

9ǾŀǇƻǊŀǘƛƻƴ {ƻƛƭ ǿŀǘŜǊ 
ŎƻƴǘŜƴǘ 

9/a²C 
ό9w!рύ 

     

Dt/t      

La9wD      

bh!      

Iba{      

a99      

aw5C      

 

Table 2-4. ʆŜƳǇƻǊŀƭ ŎƻǾŜǊŀƎŜ ƻŦ ǎŀǘŜƭƭƛǘŜ ŀƴŘ ǊŜŀƴŀƭȅǎƛǎ Řŀǘŀ ǘƘŀǘ ǿŜǊŜ ǳǎŜŘ ƛƴ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ŀƴŀƭȅǎƛǎΦ 

¢ȅǇŜ ƻŦ 5ŀǘŀ ʆŜƳǇƻǊŀƭ ŎƻǾŜǊŀƎŜ 

9/a²Cπ9w!р hŎǘƻōŜǊ нллу ς 5ŜŎŜƳōŜǊ нлнл 

Dt/t aŀǊŎƘ нлмп ς 5ŜŎŜƳōŜǊ нлнл 

La9wD CŜōǊǳŀǊȅ нлмл ς 5ŜŎŜƳōŜǊ нлнл 
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2.1.2. Data evaluation against ground NOA and HNMS meteorological stations 

In this section, we present the evaluation of the satellite and reanalysis data against the measurements of 

the surface HNMS and NOA meteorological stations. For the satellite data, only the evaluation of 

precipitation, which is available in these datasets is performed, while for the reanalysis data we also evaluate 

temperature and relative humidity. The data are validated for the common period of the satellite/reanalysis 

and station-based datasets, which unfortunately is not the same among all of the sets (see Table 2-1 and 

Table 2-2 for the periods covered in each of the datasets). So, care should be given when comparing the 

different data sets with each other in this regard. Precipitation is evaluated against the NOA stations roughly 

over the last decade, while the GPCP and ERA5 precipitation data are also evaluated against the HNMS station 

roughly for the last twenty years of the 20th century. Validation of IMERG against the HNMS station was also 

considered. However, since the common period of the two datasets is only 4 years, the results regarding this 

comparison are not reported. Since the stations are not situated at the grid points of the satellite and 

reanalysis datasets, the comparison for all variables is performed for the closest grid point to each station 

2.1.2.1. Precipitation 

The overall comparison of precipitation from the GPCP, IMERG and ERA5 data sets with the measurements 

of NOA stations are shown in Figure 2-2 and Figure 2-3 illustrating scatterplots of monthly mean precipitation 

and precipitation anomalies respectively. All three datasets perform well against the ground measurements. 

The Pearson correlation coefficients calculated for the precipitation anomalies have large values above 0.8 

with the GPCP data having the largest value (0.87) and the ERA5 having the smallest (0.8). In addition, all sets 

tend to overestimate precipitation with a relative bias ranging from 11 mm to 18 mm that corresponds to 

relative values of 21% to 35%. The ERA5 data are the least biased against the NOA measurements with the 

minimum bias value of 11 mm, while IMERG has the largest bias (18 mm). Such an overestimation of 

precipitation by satellite data, has been recorded in previous studies at least for the region of the Evros basin 

(Hatzianastasiou et al. 2007; 2016). Similar conclusions are drawn from the comparison of the three data sets 

with the HNMS station that is shown in Figure 2-4 and Figure 2-5 illustrating scatter plots of precipitation and 

precipitation anomalies respectively. Note that the comparison is for the different time period covered by 

this station. So, for example, even though the Alexandroupolis HNMS station is very close to the NOA station 

the results differ. Again, we observe large correlations of precipitation anomalies with Pearson coefficients 

of the order of 0.8 and an overestimation of precipitation with relative biases of the order of 30%. The values 

for the correlation coefficients, the bias as well as the Root Mean Square Error (RMSE) for each of the stations 

are reported in Table 2-5.   

Comparison of the intra-annual variation of precipitation between the three data sets and the ground 

stations is shown in Figure 2-6 (for the ERA5), Figure 2-7 (for the GPCP) and Figure 2-8 (for the IMERG). All 

sets follow the observed seasonal cycle with minimum values in August and maximum values in the wet/cold 

season (January) and also reproduce the double peaks observed in some stations with maximum values of 

precipitation in both October and January. The overestimation of precipitation for all data sets compared to 

the ground station values is evident in the seasonal cycle with larger differences of up to roughly 20-30 mm 

in the wet season October-April.  
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Finally, the inter-annual variation of precipitation anomalies for the HNMS and NOA stations is shown in 

Figure 2-9 to Figure 2-11 and is compared to the corresponding variation for the ERA5 (Figure 2-9), GPCP 

(Figure 2-10) and IMERG (Figure 2-11) data sets. A Man-Kendal test was performed to deduce the long-term 

trend in the precipitation for the time periods covered by the measurements in the ground stations as well 

as the statistical significance of the trends. The values of the trends for the stations, the satellite and the 

reanalysis data for their common time period, as well as their statistical significance are reported in Table 

2-5. We generally observe a weak decreasing trend of precipitation for most of the stations that is not 

statistically significant, with the satellite and the reanalysis data reproducing these trends both in sign and in 

magnitude.  

We therefore conclude that the satellite and reanalysis data are fairly reliable with an overestimation of the 

order of 20% for precipitation. All sets also reproduce the annual cycle and the long-term trends with relative 

success with biases of the order of 20 mm peaking during the wet season. We also find the differences 

between the satellite measurements and the reanalysis data to be small. 

 

(i) (ii)  

(iii)  

Figure 2-2. Scatterplot comparison between precipitation from: (i) ECMWF and all NOA meteorological 

stations within the study region, (ii) GPCP and NOA, (iii) IMERG and NOA. The Pearson correlation 

coefficient (R) is calculated based on monthly anomalies. 
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(i) (ii)  

(iii)  

 

Figure 2-3. Scatterplot comparison between precipitation anomalies from (i) ECMWF and all NOA 

meteorological stations within the study region, (ii) GPCP and NOA, (iii) IMERG and NOA. The bias 

and bias % values are calculated based on monthly precipitation timeseries and not anomalies. 
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(i) (ii)  

(iii)  

Figure 2-4. Scatterplot comparison between precipitation from (i) ECMWF and Alexandroupolis HNMS 

meteorological station, (ii) GPCP and HNMS and (iii) IMERG and HNMS. The Pearson correlation 

coefficient (R) is calculated based on monthly anomalies. 

 

 

  



page  11 

 
  

 

The Project is co-funded by the European Regional Development Fund 
(ERDF) and by national funds of the countries participating in the Interreg 
V-! άDǊŜŜŎŜ-Bulgaria 2014-нлнлέ /ƻƻǇŜǊŀǘƛƻƴ tǊƻƎǊŀƳƳŜ 

     

 

 

(i) (ii)  

(iii)  

Figure 2-5. Scatterplot comparison between precipitation from (i) ECMWF and Alexandroupolis HNMS 

meteorological station, (ii) GPCP and HNMS and (iii) IMERG and HNMS. The bias and bias % 

values are calculated based on monthly precipitation timeseries and not anomalies. 
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(i) Alexandroupolis HNMS 

 
(ii) Alexandroupolis NOA 

(iii) 

Didymoteicho NOA 
(iv) 

Metaxades NOA 

(v) 

Orestiada NOA 

Figure 2-6. Comparison between the intra-annual variation of precipitation based on ERA5 and (i) 

Alexandroupolis HNMS meteorological station, (ii)-(v) the NOA meteorological stations of 

Alexandroupolis (ii), Didymoteicho (iii), Metaxades (iv) and Orestiada (v). 

 
(i) Alexandroupolis HNMS 

 
(ii) Alexandroupolis NOA 

 
(iii) Didymoteicho NOA 

 
(iv) Metaxades NOA 

 
(v) Orestiada NOA 

 

Figure 2-7. Comparison between the intra-annual variation of precipitation based on GPCP and (i) 

Alexandroupolis HNMS meteorological station, (ii)-(v) the NOA meteorological stations of 

Alexandroupolis (ii), Didymoteicho (iii), Metaxades (iv) and Orestiada (v). 
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(i) Alexandroupolis HNMS 

 
(ii) Alexandroupolis NOA 

 
(iii) Didymoteicho NOA 

 
(iv) Metaxades NOA 

 
(v) Orestiada NOA 

 

Figure 2-8. Comparison between the intra-annual variation of precipitation based on IMERG and the NOA 

meteorological stations of Alexandroupolis (i), Didymoteicho (ii), Metaxades (iii) and Orestiada 

(iv). 
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(i) Alexandroupolis HNMS 

(ii) Alexandroupolis NOA 

(iii) Didymoteicho  
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(iv) Metaxades 

(v) Orestiada 

Figure 2-9. Comparison between the inter-annual variation of precipitation based on ERA5 and (i) 

Alexandroupolis HNMS meteorological station, (ii)-(v) the NOA meteorological stations of Alexandroupolis 

(ii), Didymoteicho (iii), Metaxades (iv) and Orestiada (v). 
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(i) Alexandroupolis HNMS 

(ii) Alexandroupolis NOA 

(iii) Didymoteicho  
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(iv) Metaxades 

(v) Orestiada 

Figure 2-10. Comparison between the interannual variation of precipitation based on GPCP and (i) 

Alexandroupolis HNMS meteorological station, (ii)-(v) the NOA meteorological stations of 

Alexandroupolis (ii), Didymoteicho (iii), Metaxades (iv) and Orestiada (v). 
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(i) Alexandroupolis NOA 

(ii) Didymoteicho NOA 

(iii) Metaxades 
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(iv) Orestiada 

Figure 2-11. Comparison between the inter-annual variation of precipitation based on IMERG and (i)-(iv) 

the NOA meteorological stations of Alexandroupolis (i), Didymoteicho (ii), Metaxades (iii) and Orestiada 

(iv). 

 

2.1.2.2. Temperature 

The overall comparison of surface-air temperature (or simply surface temperature, Ts) values from the 

ECMWF-ERA5 data set and the NOA stations is shown in Figure 2-12 and Figure 2-13, which display matched 

pairs of monthly mean values (Figure 2-12) and monthly mean anomalies (Figure 2-13). In each figure, three 

monthly mean temperatures/temperature anomalies are compared: those derived from the daily mean, the 

daily minimum (Ts,min) and the daily maximum (Ts,max)  values, aiming to provide a complete evaluation. This 

is because an agreement between reanalysis and station values of any of the above three variables does not 

guarantee successful comparison of the other two, while each one of these three temperature variables is 

independent from the others, being driven by different factors and unique. It is found that the reanalysis Ts 

values compare perfectly to those measured by the ground stations, and this is valid for all three associated 

variables, Ts, Ts,min and Ts,max. Moreover, this valid not only for temperature, but also for temperature 

anomalies, providing further confidence on the reanalysis surface temperature data. The successful 

comparison is proven by the computed very high correlation coefficients (0.937-0.970), which document an 

excellent co-variation between the reanalysis and station measured values, the very small bias (0.3-0.уϲ/ ƻǊ 

2-8%) and root mean squared (0.7-мΦоϲ/ύ ǾŀƭǳŜǎΣ ǿƘƛŎƘ ǇǊƻǾŜ ƴŜƎƭƛƎƛōƭŜ ŘƛŦŦŜǊŜƴŎŜǎΣ ŀǇŀǊǘ ŦǊƻƳ ŀ ǾŜǊȅ ǎƳŀƭƭ 

overestimation of daily maximum Ts values by the reanalysis, and the very high slope (0.98-1.02) values, 

which indicate an excellent agreement in either low and high surface temperature values of reanalysis and 

stations. All these results put strong confidence on the ERA5 reanalysis surface temperature values, not only 

daily means, but also daily maximum and minimum ones. This is very important for the reanalysis-based 

further analyses of surface temperatures, including those dealing with the spatial and temporal variability 

over the greater Evros river basin. 
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Table 2-5. {ǳƳƳŀǊȅ ƻŦ ŎƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ 9/a²CκDt/tκLa9wD ŀƴŘ bh!κIba{ ǇǊŜŎƛǇƛǘŀǘƛƻƴΦ wŜŘ όōƭǳŜύ 
ŎƻƭƻǊǎ ƛƴŘƛŎŀǘŜ ƛƴŎǊŜŀǎƛƴƎ όŘŜŎǊŜŀǎƛƴƎύ ǘǊŜƴŘǎΦ bǳƳōŜǊǎ ƛƴ ōƻƭŘ ƛƴŘƛŎŀǘŜ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ǘǊŜƴŘǎ όфр҈ 
ŎƻƴŦƛŘŜƴŎŜ ƛƴǘŜǊǾŀƭύ 

                                     ǘƻǘŀƭ ǇǊŜŎƛǇƛǘŀǘƛƻƴ όbh!κIba{ Ǿǎ 9/a²Cύ 

      
ǘǊŜƴŘǎ 

όƳƳκƳƻƴǘƘκŘŜŎŀŘŜύ 

{ǘŀǘƛƻƴ bŀƳŜ Ŏƻǳƴǘ ōƛŀǎ ōƛŀǎ ҈ wa{9 w {ǘŀǘƛƻƴ 9/a²C 

!ƭŜȄŀƴŘǊƻǳǇƻƭƛǎ Iba{ осл моΦмп онΦл нфΦср лΦтт мΦсн рΦсс 

!ƭŜȄŀƴŘǊƻǳǇƻƭƛǎ bh! мсс нрΦоп роΦт плΦлр лΦту πсΦом πтΦтм 

5ƛŘȅƳƻǘŜƛŎƘƻ bh! млл пΦфп фΦо ноΦсс лΦум πорΦур πплΦул 

aŜǘŀȄŀŘŜǎ bh! мпт нΦнт оΦу ноΦун лΦус лΦпу πфΦну 

hǊŜǎǘƛŀŘŀ bh! мфм уΦфо мфΦс нпΦлс лΦум πнΦро πлΦсм 

 

 

 ǘƻǘŀƭ ǇǊŜŎƛǇƛǘŀǘƛƻƴ όbh!κIba{ Ǿǎ Dt/tύ 

             
ǘǊŜƴŘǎ 

όƳƳκƳƻƴǘƘκŘŜŎŀŘŜύ 

{ǘŀǘƛƻƴ bŀƳŜ Ŏƻǳƴǘ ōƛŀǎ ōƛŀǎ ҈ wa{9 w {ǘŀǘƛƻƴ Dt/t 

!ƭŜȄŀƴŘǊƻǳǇƻƭƛǎ Iba{ нсп мнΦмп олΦф ннΦлу лΦуф мΦсн рΦпу 

!ƭŜȄŀƴŘǊƻǳǇƻƭƛǎ bh! мпт муΦоф офΦо нфΦмн лΦут πсΦом πлΦфл 

5ƛŘȅƳƻǘŜƛŎƘƻ bh! ун мпΦфс нфΦу нрΦмм лΦут πорΦур πрпΦут 

aŜǘŀȄŀŘŜǎ bh! мол пΦум уΦм нлΦоо лΦфл лΦпу πтΦун 

hǊŜǎǘƛŀŘŀ bh! мтн мтΦрм оуΦу нфΦло лΦус πнΦро πмΦмн 

 

 

 ǘƻǘŀƭ ǇǊŜŎƛǇƛǘŀǘƛƻƴ όbh!κIba{ Ǿǎ La9wDύ 

      
ǘǊŜƴŘǎ 

όƳƳκƳƻƴǘƘκŘŜŎŀŘŜύ 

{ǘŀǘƛƻƴ bŀƳŜ Ŏƻǳƴǘ ōƛŀǎ ōƛŀǎ ҈ wa{9 w {ǘŀǘƛƻƴ La9wD 

!ƭŜȄŀƴŘǊƻǳǇƻƭƛǎ bh! мрс ноΦнм пфΦс осΦол лΦун πсΦом πлΦмм 

5ƛŘȅƳƻǘŜƛŎƘƻ bh! фм муΦфн осΦт нфΦпм лΦфл πорΦур πсмΦфо 

aŜǘŀȄŀŘŜǎ bh! моф тΦрм мнΦс ннΦло лΦфл лΦпу πрΦнт 

hǊŜǎǘƛŀŘŀ bh! мум нлΦсл прΦт ооΦтн лΦур πнΦро мΦнл 
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(i)  

(ii)  (iii)                         

Figure 2-12. Scatterplot comparison between surface-air (2-m) temperature from ECMWF-ERA5 and all 

NOA meteorological stations within the study region. (i) monthly daily mean, (ii) monthly daily 

minimum and (iii) monthly daily maximum surface temperature. The Pearson correlation 

coefficient (R) is calculated based on monthly anomalies. 
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(i) 

(ii)  (iii)  

Figure 2-13. Scatterplot comparison between surface-air (2-m) temperature anomalies from ECMWF-

ERA5 and all NOA meteorological stations within the study region. (i) monthly daily mean, (ii) 

monthly daily minimum and (iii) monthly daily maximum surface temperature. The bias and bias 

% values are calculated based on monthly precipitation timeseries and not anomalies. 

The same, overall, comparison of the ERA5 reanalysis surface temperature (Ts, Ts,min and Ts,max) data to that 

presented in Figure 2-12 and Figure 2-13, i.e. against NOA stations, is also performed against the single HNMS 

station of Alexandroupolis and the results are given in Figure 2-14 (surface temperatures) and Figure 2-15 

(surface temperature anomalies). In general, the ERA5 surface temperatures compare slightly worse to 

HNMS than NOA measurements, though the comparison still remains satisfactory. The differences are more 

notable for the daily minimum temperature. More specifically, the correlation coefficients range from 0.91 

(for Ts,min)  to 0.97, while the mean biases vary between -мϲ/ όŦƻǊ ¢s,maxύ ǘƻ оΦнϲ/ όƘƛƎƘŜǎǘ ōƛŀǎ ŦƻǊ ¢s,min). In 

other words, again, the reanalysis daily minimum temperatures are found to biased high against surface 

measurements, and this is stronger for HNMS thŀƴ bh! ǎǘŀǘƛƻƴǎ όōƛŀǎŜǎ Ŝǉǳŀƭ ǘƻ оΦн ŀƴŘ лΦуϲ/Σ ƻǊ ор ŀƴŘ 

у҈Σ ǊŜǎǇŜŎǘƛǾŜƭȅύΦ ¸ŜǘΣ ǘƘŜ wa{9 ǾŀƭǳŜǎ ǊŜƳŀƛƴ ǉǳƛǘŜ ǎƳŀƭƭ όǊŀƴƎƛƴƎ ŦǊƻƳ м ǘƻ оΦо ϲ/Σ ŀƎŀƛƴǎǘ лΦт-мΦоϲ/ ŦƻǊ ǘƘŜ 

comparison against NOA). On the other hand, the slope values are also slightly worse than for the comparison 

against NOA, ranging from 0.93 to 1.05 for surface temperatures, and from 0.83 to 0.93 for surface 
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temperature anomalies. Consequently, the comparison of ERA5 reanalysis surface temperature data against 

HNMS measurements is found to be slightly poorer than the one against the NOA stations, but it is still 

satisfactory. In addition, it reveals, as also found in the comparison against NOA, systematically slightly larger 

differences for the daily minimum surface temperature. Nevertheless, it should be noted that the estimated 

slightly inferior comparison against HNMS is not a strong concern, because, apart from the quite small 

differences in the computed statistical metrics between reanalysis-HNMS and reanalysis-NOA comparison, 

the comparison to HNMS is also hindered by station data availability.   

 

(i) 

 

(ii)  

 

(iii)  

Figure 2-14. Scatterplot comparison between surface-air (2-m) temperature from ECMWF and 

Alexandroupolis HNMS meteorological station. (i) monthly daily mean, (ii) monthly daily minimum 

and (iii) monthly daily maximum surface temperature. The Pearson correlation coefficient (R) is 

calculated based on monthly anomalies. 
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(i) 

(ii)  (iii)  

Figure 2-15. Scatterplot comparison between surface-air (2-m) temperature anomalies from ECMWF and 

Alexandroupolis HNMS meteorological station. (i) monthly daily mean, (ii) monthly daily minimum 

and (iii) monthly daily maximum surface temperature. The bias and bias % values are calculated 

based on monthly precipitation timeseries and not anomalies. 

The intra-annual variation of surface temperatures (daily mean, minimum and maximum) of either ECMWF-

ERA reanalysis and HNMS and NOA stations is displayed in Figure 2-16. The comparison for the four (4) NOA 

stations clearly shows that the reanalysis surface temperature variables follow the measured month-to-

month variation, with smaller values in winter and largest in summer. Obviously, the agreement is clearly 

better, and this happens throughout the year, as it concerns the mean daily values, whilst larger deviations 

are found for daily minimum and maximum temperatures. In overall, the reanalysis overestimates surface 

temperature, but very little for daily mean Ts (by lŜǎǎ ǘƘŀƴ нϲ/ύΣ Ƴƻǎǘƭȅ ƛƴ ǎǳƳƳŜǊ ŀƴŘ 5ƛŘȅƳƻǘŜƛŎƘƻΦ ¸ŜǘΣ 

this weak overestimation arises mainly from an overestimation of daily minimum values, again more in 

summer months, against a slight underestimation of daily maximum surface temperatures. The stronger Ts,min 

overestimation and smaller Ts,max underestimation partly counterbalance, resulting in the slight Ts 

overestimation. These findings are also confirmed by the comparison for the single HNMS station 

(Alexandroupolis), but the differences between the reanalysis and station measured Ts,min and Ts,max values 
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are larger than for NOA stations (as also found in the scatterplot comparison). These ERA5-HNMS station 

differences are systematically large for Ts,min throughout the year, and larger in summer for Ts,max and in winter 

for Ts. 

 

(i) (ii)  

(iii)  (iv) (v) 

Figure 2-16. Comparison between the intra-annual variation of the daily mean, minimum and maximum 

temperature based on ERA5 and (i) Alexandroupolis HNMS meteorological station, and the NOA 

meteorological stations of Alexandroupolis (ii), Didymoteicho (iii), Metaxades (iv) and Orestiada 

(v). 

Finally, the inter-annual variation of surface temperature (daily mean, minimum and maximum) anomalies 

for the HNMS and NOA stations is shown in Figure 2-17 to Figure 2-19, and is compared to the corresponding 

variation for the corresponding ERA5 variables. A Man-Kendal test was performed to deduce the long-term 

trend in surface temperatures for the time periods covered by the measurements in the ground stations, as 

well as the statistical significance of the trends. The values of the trends for the stations and the reanalysis 

data for their common time period, as well as their statistical significance are reported in Table 2-6. All three 

sets of graphs for surface temperature, for all the examined NOA and HNMS stations, reveal an excellent co-

variation during the whole time period, which is confirmed by the computed station-level correlation 

coefficients that are larger than 0.96 for daily mean, 0.91 for daily minimum and 0.94 for daily maximum 

temperatures (Table 2-6). Moreover, although both positive and negative biases are found in different sub-

periods, in overall, the obtained results in Table 2.5 confirm the main findings that were already reported, 

namely the overestimation of Ts,min (positive mean biases for 4/5 stations), the underestimation of Ts,max 

(negative mean biases for 5/5 stations) and the smaller overestimation of Ts (4/5 stations). We generally 

observe an increasing trend of surface temperature, more for Ts,max όǳǇ ǘƻ мΦотϲκŘŜŎŀŘŜ ŀƴŘ ŦƻǊ рκр ǎǘŀǘƛƻƴǎύ 
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than for Ts,min όǳǇ ǘƻ лΦптϲκŘŜŎŀŘŜ ŀƴŘ ŦƻǊ оκр ǎǘŀǘƛƻƴǎύ ŀƴŘ ¢s όǳǇ ǘƻ лΦссϲκŘŜŎŀŘŜ ŀƴŘ ŦƻǊ рκр ǎǘŀǘƛƻƴǎύΣ 

which is mostly not statistically significant (it is significant for only 3/5, 2/5 and 1/5 stations for Ts,max, Ts,min 

and Ts, respectively). The reanalysis data reproduce these surface temperature trends both in sign and 

magnitude (different sign for only 1 station, Orestiada NOA, for Ts,min). 
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(i) Alexandroupolis HNMS 

(ii) Alexandroupolis NOA 

(iii) Didymoteicho  



page  28 

 
  

 

The Project is co-funded by the European Regional Development Fund 
(ERDF) and by national funds of the countries participating in the Interreg 
V-! άDǊŜŜŎŜ-Bulgaria 2014-нлнлέ /ƻƻǇŜǊŀǘƛƻƴ tǊƻƎǊŀƳƳŜ 

     

 

(iv) Metaxades 

(v) Orestiada 

 

Figure 2-17. Comparison between the interannual variation of the daily mean temperature based on 

ERA5 and (i) Alexandroupolis HNMS meteorological station, and the NOA meteorological stations 

of Alexandroupolis (ii), Didymoteicho (iii), Metaxades (iv) and Orestiada (v). 
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(i) Alexandroupolis HNMS 

(ii) Alexandroupolis NOA 

(iii) Didymoteicho 
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(iv) Metaxades 

(v) Orestiada 

Figure 2-18. Comparison between the interannual variation of the daily minimum temperature based on 

ERA5 and (i) Alexandroupolis HNMS meteorological station, and the NOA meteorological stations 

of Alexandroupolis (ii), Didymoteicho (iii), Metaxades (iv) and Orestiada (v). 

  


































































































































































































































