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1. INTRODUCTION
1.1. THE FLOODGUARD PROJECT

The project focusson the challenges of flood risk management via integrated actions for joint coordination
and responsiveness to flood risks in thes-Border (CBareaof Greece and Bulgaridhis area is vulnerable

to climate change and its negative impacts, which needs adequate coordiné&tiorcrossborder
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 ctossler rivers- StrymonStruma, Nestod/esta,
ArdasArda and EvreMaritsa. The effective management of flood risks is of high importance and affects high
number of population and surface areBheprojectactionsaredirectly oriented to joint coordination of five

flood risks management plans (FRMP) for international rivén® plans for Bulgarian territory (FRMPs of
East Aegean and West Aegean) and three plans for Greek territory (FRMReoh Béscedonia, Thrace
Water District and Evros river).

The project which started on Apr 01, 2018as as anain objective to strengthen the capacity of authorities
to ensure effective, integrated joint coordination and responsiveness to flood riske @Bérea. The project
addresses different aspects of flood risk management in order to provide integrated rasdttse following
sub-objectives have been defined:

(1) introducing a joint institutional approach for assessment, planning, preventiorigrtthfy 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 exchangsructures and systems for flood risk assessment,
mitigation and management;

The project introducethe latest achievements in information systems and will add value by combining the
capacity, planning and future development of national policies from the ¢ountries 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 wallitagration 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 throtighestablishment of a Joint
Working Group for preventionral 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@sgiment 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 EOODGUARD project is embedded in the efforts to develop the proper tools for alarming and mitigating
the risk of floods in th€B area. This report focuses on trensboundarnbasin of Evrodaritsa Figurel-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 toolsspecially 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 precipitatiahveater saturation of the soil.
Changes in the mean or the extreme values of the climatic parameters can thus lead to concomitant

The Project is céunded by the European Regional Development Fund
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variations or shifts in the probability of flooding. As a result, the European Environmental Agency and other
organizations reognize 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 thg changes that main climatic paramesdnave 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 armelyrest and
current climate state of the region. This report for tHEXODGUARD 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 thavailable water resources, and also addressing its possible changes in a warming
climate.
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Figurel-1. Study regior(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 stageGhapter2 of the report), meteorological/climatologitdata 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 NRedligen
Weather Forecasts (ECMWEF) containing a rich collection ofarmtaical/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. Theirtdomg trends were also
calculated, focusing on possible changes that haweiiwed due to the warming climate.

Such changes that have already occurred, were further investigated during the secondGitagés(3 of

the report), where climatic indices from the European Climate Assessment and Dataset (ECAD) were
analyzed. Such imcks are identified globally or locally and shed light into certain aspects of the global or
local climate and their lonterm trends. The most relevant indices to the hydrological cycle and flooding for
the region of the Evros basin were identified andestudied along with their trends. During the third stage
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(Chapter4 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 Modater-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 cdngsjoond
SELISOGSR NIYRAIFGAZ2Y 0dzRIS( |2yoethelydarn2$0d weteTconsideredas theb p =
most plausible and representative of the expected anthropogenic climate forcing. In addition, simulations of
regional climate models (RCMsprin 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 basitharefore simulate

better the climate of the region. During the fourth and final sta@dhdpter5 of the report), an extensive
review of the literature regarding management of flooding incidents and mitigation of flooding risks was
performed especiallyjunder the scope of transboundary basins and rivenrs] the best practices were
recorded.

Tablel-1. Working group

NAME QUALIFICATIONS

Apostolos Tzima€oordinator Civil Engineer, MSc in Science aeghnology Policy
Alexandros Ziogas Civil Engineer, PhD, MSc Water Resources and Environment
Evangelos Romas Civil Engineer, MSc in Water Resources and Environment

Chemical Engineer, MSc in Environmental Sustainability, M&sdnce and

loanna Anagnostou Technology of Water Resources

Nikolaos Papageorgiou Civil Engineer

AristidesBartzokas ProfessoyPhysicsPhD, MSdyleteorology and Climatolag
NikolaosHatzianastassiou ProfessoyPhysicsPhD, MSdyleteorology and Climatolgg
Nikolaos Bakas AssistantProfessorPhysicsPhD, MSc, Applied Mathematics
Marios KorrasCarraca M.Sc. Atmospheric Sciences and Environment

Tablel-2. Review and Receipt Committee of tBentracting Authority

Permanent Members

Head of Department of Flood RisWater Scarcity Management &

Dr Eleni Athanasiou Management of Water Demand, General Secretariat for Natural Environme
Water, Ministry of Environment & Energy

Department of Costing and Pricing of Water Services, General Secretariat f
Natural Environment & Water, Ministry of Environment & Energy
Department of Flood RiskWater Scarcity Management lanagement of
Stylianos Koutrakis Water Demand, General Secretariat for Natural Environment & Water, Minit
of Environment & Energy

Konstantinos Papaspyropoulos

ReserveMembers

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

Department of Flood RiskWater Scarcity Management & Management of
Anna Fokaefs Water Demand, General Secretariat for Natural Environment & Water, Minit
of Environment & Energy

Department of Flood RiskWater Scarcity Management & Management of
DrDionysios Marinos Water Demand, General Secretariat for Natural Environment & Water, Minit
of Environment & Energy
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2. QUALITATIVE AND QUANTITATIVE ASSESSMENT OF REGIONAL CLIMATRPARA!
2.1. CLIMATOLOGICAL DATA AND EVALUATION

2.1.1. Climatological dataised

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 Climatdfogject (GPCP). In this dataset, data
from rain gauge stations, satellite products and sounding observations have been merged to produce
monthly rainfall on a 0.5global grid from 1983 to the present. The second is the Integrated Mdaiéllite
Retrievas 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 esttes 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°1

As these satellite measurements cover only the recent period and provideriatmn 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 aound 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 thidimensiaal 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 ERAEECMWF data were chosen over the Reanalyslata of the National Centersrf&nvironmental
Prediction/National Center for Atmospheric Research (NCEP/NCAR) and the NiwdeRetrospective
analysis for Research and Application (MERRdata of NASA, as they have a superior horizontal analysis
(the area is covered with a denserrimmntal grid) and the time series are longer. The horizontal analysis in
ERAS5 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 temipesalution and time coverage are
summarized irmable2-1.

Table2-1. { S Y LJ2d\édraige and spatitemporal resolution of satellite (GPCP and IMERG) and reanalysis
(ECMWHERADS) data sources.
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The satellite data and the reanalysis data were first evaluated against measurements from surface
meteorologicéstations in the regionAll data sources for the region have been investigated and data which
became available were utilized in the current investigatidme series from the Alexandroupolis HNMS
station, publicly available and coviag the time period between 1975 and 200Have been usedVe also

used data from four weather stations operated by the National Observatory of Athens (NOA) that were
installed rather recently and therefore cover roughly thstldecade. 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 considerethe spatial coverage and investigationsre further
SEGSYRSR o6& dziAft ATl Ay3d G(KS RSyasS aAayAatihesitessof tied | (A 2
meteorological and hydrologicatations used are shwn in Figure2-1 and their exact period of coverage is
shown inTable2-2 (andTable2-7).
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Figure 2-1. Study region (i) NOA and HNMS meteorological statiomsd (i) MEE and MRDF
hydrometeorological stationsyhose 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 runbfboding 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 significantiyence 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. Th 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 madysis data. The availability of data from the sources
used are summarized ihable2-3, while their temporal coverage is listedTiable2-1 and Table2-2. 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 monthlytleyehonthly mean was
calculated based on the hourly values (in the case of temperature for the ERAS data).

The Project is céunded by the European Regional Development Fund
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Initially, the satellite and reanalysis data were evaluated against the measurements from the ground stations
(section2.1.2. Then, the climatological monthly mean values of the meteorological/climatological variables
were analyzed along with the corresponding anomalies and thg-tione trends (sectior2.2).
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2.1.2. Dataevaluation 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 datasistperformed, 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 stationbased datasets, which unfortunately is not the same among all of the(se¢Table2-1 and
Table2-2 for the periods covered in each of the datagetSo, 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 ERADS precipitation data are also evaluated agahigtStetation
roughly for the last twenty years of the 2@entury. 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 reporgd 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 ERAS5 data sets with the measurements
of NOA stations are shown ltigure2-2 andFigure2-3illustrating scatterplots of monthly mean precipitation

and precipitation anomalies respectively. All three datasets perform well against the ground measurements.
The Pearson ceelation 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 relativbias ranging from 11 mm to 18 mm that corresponds to
relative values of 21% to 35%. The ERAS 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 skwn inFigure2-4 andFigure2-5 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 thiaifMDA

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 coeftients, the bias as well as the Root Mean Square Error (RMSE) for each of the stations
are reported inTable2-5.

Comparison of the intrannual variation of precipation between the three data sets and the ground
stations is shown ifrigure2-6 (for the ERAS5)rigure2-7 (for the GPCP) anfgigure2-8 (for the IMERG). Al

sets follow the observed seasonal cycle with mimimvalues 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 sefsoed to

the ground station values is evident in the seasonal cycle with larger differences of up to rou@@yn2a

in the wet season OctobeXkpril.
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Finally, the interannual variation of precipitation anomalies for the HNMS and NOA stations is shown
Figure2-9 to Figure2-11 and is compared to the corresponding variation for the ERAdgu(e2-9), GPCP
(Figure2-10) and IMERGHgure2-11) data sets. A MaKendal test was performed to deduce the ¢pt@rm

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 comom time period, as well as their statistical significance are reportetairie

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 theséstteoth 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 thédondrends with relatve
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.
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Figure2-2. Scatterplot comparison between precipitation from: (i) ECMWF and all NOA meteorological
stations within the study region, (i) GPCP and NOA, (iii) IMERG and NOA. The Pearson correlation
coefficient (R) is calculated based monthly anomalies
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Figure2-3. Scatterplot comparison between precipitation anomalies from (i) ECMWF and all NOA
meteorological stations within the study region, (i) GPCPN@4, (iii) IMERG and NOA. The bias
and bias % values are calculated based on monthly precipitation timeseries and not anomalies
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Figure2-4. Scatterplot comparison betwegprecipitation from (i) ECMWF and Alexandroupolis HNMS

meteorological station, (i) GPCP and HNMS and (iii) IMERG and HNMS. The Pearson correlation
coefficient (R) is calculated based on monthly anomalies
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Figure2-9. Comparison between the inteannual variation of precipitation based on ERA5 and (i)
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(i), Didymoteicho (iii), Metaxas (iv) and Orestiada (v).
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Figure2-11. Comparison between the inteannual variation of precipitation based on IMERG an@u))
the NOA meteorological stations Afexandroupolis (i), Didymoteicho (ii), Metaxades (iii) and Orestiada

(iv).

2.1.2.2. Temperature

The overall comparison of surfaedr temperature (or simply surface temperatures) Values from the
ECMWEFERADS data set and the NOA stations is shovirigare2-12 and Figure2-13, which display matched

pairs of monthly mean valuefgigure2-12) and monthly mean anomalieBigure2-13). In each figure, three
monthly mean temperatures/tempetare anomalies are compared: those derived from the daily mean, the
daily minimum (Imip and the daily maximum {ka) values, aiming to provide a complete evaluation. This

is because an agreement between reanalysis and station values of anyaifdte three variables does not
guarantee successful comparison of the other two, while each one of these temperature variables is
independent from the others, being driven by different factors and unique. It is found that the reanalysis T
values compare perfectly to those measured by the ground stations, and this is valid for all three associated
variables, J Tsmin and Emax Moreover, this valid not only for temperature, but also for temperature
anomalies, providing further confidence on the nedysis surface temperature data. The successful
comparison is proven by the computed very high correlation coefficients (@@%0), which document an
excellent cevariation between the reanalysis and station measured values, the very small bigsy(@3 2 NJ
2-8%) and root mean squared (@Wdoc/ 0 @l f dzSaX 6KAOK LINR@GS yS3IftAIAo
overestimation of daily maximumsValues by the reanalysis, and the very high slope (0.08) values,

which indicate an excellent agreenten either low and high surface temperature values of reanalysis and
stations. All these results put strong confidence on the ERAS reanalysis surface temperature values, not only
daily means, but also daily maximum and minimum ones. This is very impdotaifite reanalysidased

further analyses of surface temperatures, including those dealing with the spatial and temporal variability
over the greater Evros river basin.
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Figure2-12.  Scatterplot comparison between surfae& (2m) temperature from ECMWERAS and all
NOA meteorological stations within the study region. (i) monthly daily mean, (ii) monthly daily
minimum and (iii) monthly daily maximumudace temperature. The Pearson correlation
coefficient (R) is calculated based on monthly anomalies
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Figure2-13.  Scatterplot comparison between surfaa& (2m) 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 onntidy precipitation timeseries and not anomalies

The same, overall, comparison of the ERA5 reanalysis surface temperatukantBnd Ema) data to that
presented irFigure2-12andFigure2-13, i.e. against NOA stations, is also performed against the single HNMS
station of Aleandroupolis and the results are givenkigure2-14 (surface temperatures) anbligure2-15

(surface temperature anomalies). In general, the ERA5S surfampdratures 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 Tsmin) to 0.97, while the mean biases vary betweenc / @2 NI2¢ o PHCc/ GEARIBKSAEID
other words, again, the reanalysis daily minimum temperatures are found to biased high against surface
measurements, and this is stronger for HNM8§i b h! &GF GA2ya o00Al asSa Sijdz ¢
yi2Z NBaLSOdAgSteve | SGz GKS wa{9 O fdSamAsByl A¥2 Nz
comparison against NOA). On the other hand, the slope values are also slightlyvaor$ertthe 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 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. Neverthelésshould 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 reanali$/S and reanalysiSOA comparison,

the compaison to HNMSs also hindered bgtation data availability
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Figure2-14.  Scatterplot comparison between surfae& (2m) temperature from ECMWF and
Alexandroupolis HNM&eteorological 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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Figure2-15.  Scatterplot comparison between surfae@ (22m) temperature anomalies from ECMWF and
Alexandroupolis HNMS meteorological station. (i) monthly daily mean, (ii) monthly daily minimum
and (iii) monthly ddy maximum surface temperature. The bias and bias % values are calculated
based on monthly precipitation timeseries and not anomalies

The intraannual variation of surface temperatures (daily mean, minimum and maximum) of either ECMWF
ERA reanalysis and HNMS and NOA stations is displaygliie2-16. The comparison for the four (4) NOA
stations clearly shows that the reanalysis surface temperature variables follow the measured-tmonth
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 (&4 & GKIFy Hc/ 00X Yzadte Ay adzy
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 sTegnger
overestimation and smaller shax underestimation partly counterbalance, resulting in the slight T
overestimation. These findings are also confirmed by the comparison for the single HNMS station
(Alexandroupolis), but the differences between themalysis and station measuredm, and Emaxvalues
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are larger than for NOA stations (as also found in the scatterplot comparison). Thes¢lERISbstation

differences are systematically large f@mhthroughout the year, and larger in summer fegdxand in winter
for Ts.

s

B g

Temperature [deg C]
Temperature [deg C]

(i) (ii)

Temperature [deg C]
Temperature [deg €]

Temperature [deg €]

(iif) (iv) (v)

Figure2-16.  Comparison between the intrannual variation of the daily mean, minimum and maximum
temperature based on ERA5 andAlgxandroupolis HNMS meteorological station, and the NOA
meteorological stations of Alexandroupolis (ii), Didymoteicho (iii), Metaxades (iv) and Orestiada

(V).

Finally, the interannual variation of surface temperature (daily mean, minimum and maximum) anomalies
for the HNMS and NOA stations is showRigure2-17to Figure2-19, and is compared to the corresponding
variation for the corresponding ERAS variables. A #andal test was performed to deduce the letegm

trend in surface tenperatures 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 g#tal significance are reported Trable2-6. All three

sets of graphs for surface temperature, for all the examined NOA and HNMS stations, reveal an exeellent co
variation during the whole time period, which is confirmed by the computed stdterl correlation
coefficients that are larger than 0.96 for daily mean, 0.91 for daily minimum and 0.94 for daily maximum
temperatures {able2-6). 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 ofshin (positive mean biases for 4/5 stations), the underestimation Hfad
(negative mean biases for 5/5 stations) and the smaller overestimation @3 stations). We generally
observe an increasing trend of surface tezngture, more for Tmax0 dzLJ G2 MPoTck RSOF RS |y
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than for Emn0 dzLJ G2 nodnTtck RSO RS (0¥RI T2NInsbcp c &a REDAk REa b yF
which is mostly not statistically significant (it is significant for only 3/5,dd 1/5 stations for slnax Ts,min

and T, respectively). The reanalysis data reproduce these surface temperature trends both in sign and
magnitude (different sign for only 1 station, Orestiada NOA, fei)T
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Figure2-17.  Comparison between the interannual variation of the daily mean temperature based on
ERAS and (Alexandroupolis HNMS meteorological station, and the NOA meteorological stations
of Alexandroupolis (ii), Didymoteicho (iii), Metaxades (iv) and Orestiada (v)
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(iii) Didymoteicho
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Figure2-18.  Comparison between the interannual variation of the daily minimum temperature based on
ERAS and (i) Alexandroupolis HNMS meteorological station, and theng@Arological stations
of Alexandroupolis (ii), Didymoteicho (iii), Metaxades (iv) and Orestiada (v)
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