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This report contains an analysis of 

the hydrological data received by the 

Copernicus Emergency Management 

Service (CEMS) Hydrological Data 

Collection Centre (HDCC)  for the year 

2018. The HDCC is contracted by the 

European Commission and operated by 

the Agencia de Medio Ambiente y Agua de 

Andalucía in collaboration with Soologic 

Technological Solutions S.L.

By the end of 2018, 41 data providers 

contribute hydrological data to the CEMS 

hydrological data collection (see Figure 1). 

Three of them joined the partner network 

of the European Floods Awareness 

System (EFAS) during 2018: the  

Hydrometeorological Institute of Kosovo 

Environmental Protection Agency, the 

Hellenic National Meteorological Service 

from Greece and the Hydromet Center 

from Russia.

The HDCC currently collects 

hydrological data from a total of 1550 

stations from across Europe. This report 

describes the hydrological data received 

from 1301 stations. 289 stations deliver 

exclusively discharge data, 273 stations 

only water level data and 739 stations 

provide discharge and water level data 

(see Figure 2). The stations  are selected 

based on the following criteria: a) active 

data delivery from January 1st 2018 

to December 31st 2018, b) stable data 

provision to the EFAS system before  

January 1st 2018.

The report is divided in four main 

chapters, each of them containing 

the analysis of a certain  aspect of the 

hydrological data collection for the year 

2018:

1. An analysis on the general hydrological 

conditions across Europe, focusing on 

important deviations of annual discharge 

averages and extreme flow conditions.

2. An assessment of  data collection 

gaps and outliers, including a classification 
according to causes, duration, length and 

distribution.

3. An evaluation on the threshold level 

exceedances, looking at the duration, 

magnitude, number and distribution of 

exceedances according to the threshold 

levels. 

4. The analysis of the 2018 drought 

event across Northern and Central Europe 

based on a study in the river Rhine.

The EFAS team, and particularly the 

HDCC, would like to thank the EFAS 

Partners and Data Providers that 

contributed to the CEMS hydrological data 

collection. We would like to acknowledge 

their dedication to the EFAS project, their 

commitment and the sharing of their 

hydrological data. We thank them for their 

cooperation with the HDCC, both in the 

provision of data and for their proactive 

 Introduction

Figure 1. Maps of current data providers (Annex 1).

role in responding to the questions and 

solving issues. Without their collaboration 

the delivery of this report would not be 

possible.

Figure 2. Spatial distribution of 1301 selected stations and variables measured.
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1 Hydrological conditions of EFAS  

 gauging stations
Introduction

This chapter describes the hydrological 

conditions for the year 2018 across the 

entire EFAS domain, by comparing near 

real time data of 2018 with near real time 

and historical data from 2017 and the 

period 1991-2016 respectively. 

Although the CEMS Hydrological Data 

Collection Centre (HDCC) collects both 

water level and discharge values, the 

analyses in this chapter have been carried 

out on the discharge data only. This is 

because discharge is an indicator of the 

water volume that flows through the 
section of the gauge, and hence does not 

depend on its geometry. This allows for 

a better comparison of the hydrological 

behaviour between stations.

Three statistical values were used in the 

analyses: minimum, average and maximum 

of the annual discharge values. The 

minimum and maximum discharge values 

are indicators of extreme river regimes. 

Any variation of these, when comparing 

them against historic data records, can 

be associated to either drought or flood 
events. At the same time, the average 

discharge values are indicators of the 

annual water contribution at the gauging 

points.

Discharge values not only depend on the 

hydrological conditions of a river, but on 

the upstream meteorological conditions, 

catchment area and infrastructures that 

might be regulating the river flow.

Assessing stations and data for analysis

In order to guarantee a good quality 

analysis only stations with good reporting 

rates have been selected for the analyses. 

For 2018 and 2017, only stations 

that were fully operational and active 

throughout the respective year, and 

received more than 75% of their expected 

annual discharge data were selected.

For the 1991-2016 period, there was 

an additional condition of only including 

stations that accounted for at least two 

years of data. As a result, a total of 958, 

906 and 809 stations were chosen for 

2018, 2017 and 1991-2016 respectively.

Figure 3 (left) shows the spatial 

distribution of the hydrological gauging 

stations chosen for this analysis, including 

the length of their historical time series. 

The HDCC accounts for historical data 

time series over 20 years long for more 

than 50% of the stations selected. The 

longer the aggregation period, the 

more representative are the statistical 

parameters for historical data. The 

accuracy of the assessment is higher for 

Norway, Sweden, the Ebro river basin in 

Spain, and stations across the Rhine and 

Danube river basins.

Figure 3- Spatial  distribution of stations according to the length of their historical time series (left) and catchment size (right).

Of the 958 stations of 2018, 869 are 

represented according to their catchment 

size in Figure 3 (right), with 70% of the 

stations present in catchments smaller 

than 5000 km2. Stations present in 

catchments smaller than 250 km2 are 

located mostly in the Scandinavian 

peninsula, Spain, England and across 

the Elbe river basin. Most of the large 

catchments are located across the Danube 

and Rhine river basins. 

Making references to catchment 

sizes allows normalizing discharge 

values by area for all stations and allows 

comparative analyses.

Normalized discharge values, or 

“discharge per catchment area unit”, 

will be used as an index to analyse the 

hydrological behaviour of stations. The 

units for this index are millimetres of 

water per year (mm/year), litres per 

square meter and year (l/(m2· year)).
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Hydrological conditions in 2018

Figure 4 shows the normalized mean 
discharge values in 2018. 8% of the 

stations studied present values below 

100 mm/year. These are mostly present in 

Spain, Elbe and the Northern Danube and 

Dnieper river basins. These values usually 

belong to regulated or overexploited 

streams and/or dry meteorological 

regimes. The highest values (over 1000 

mm/year) occur for stations in Norway, 

the upper Rhine and Danube basins 

and usually occur in relatively small 

catchments with high precipitations. 

Figure 5 shows the normalized 
minimum and maximum discharge 
values. From the spatial distribution of 

minima  values (left panel), we have that 

73% are below 100 mm/year. Only 5% 

of the stations, located across the upper 

Danube and Rhine river basins and in 

Norway, are above 250 mm/year. The 

most frequent normalized maximum 
discharge values are between 1500-3500 

mm/year. Most of these values are found 

in central Europe and along the Rhine 

and Danube River basins, Sweden and 

some stations in Spain, the UK, Belgium 

and Ireland. The highest maxima values, 

above 10000 mm/year, mostly occurred in 

Norway as well as for some stations across 

the Danube and Rhine river basins, Spain 

and Scotland. The lowest maxima values 

are mainly concentrated in the Elbe and 

Dnieper river basins and some stations 

in of the Czech Republic (Danube river) 

and southern part of the Ebro river basin 

(Spain).

Figure 4. Spatial  distribution  of  normalized mean discharge  values  in 2018.

Figure 5. Spatial distribution of normaliized minimum (left) and maximum (right) discharge values in 2018. 

Comparative analysis

In this section the hydrological situation 

of 2018 is compared to the previous year 

(2017) and to the historical climatology 

(1991-2016). This is to assess if and how 

the hydrological conditions 2018 differ 

from the past. The comparison of the 

relative variation of the minima, average 

and maxima values is done through a 

normalized variation index (NVI):

V
2018

, V
2017

 and V
H

 define the statistical 
indicators for 2018, 2017 and 1991-2016, 

respectively. This index ranges between 

-1 and 1, with negative results indicating 

a decline in the values measured while 

positive results indicate an increase when 

compared to the 2018 values. Futhermore, 

NVI can be expressed according to the 

relative variation coefficient r = V/V
ref 

:
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Table 1. Classification of relative variations according to NVI intervals and the relative coefficient variation (r)

Variation of hydrological conditions
The spatial distribution of the NVI 

values for annual averages between 
2018 and 2017, Figure 6 (left), clearly 

shows two separate areas. Stations with a 

lower normalized annual water discharge 
average for 2018 compared to 2017 

are mostly located in the Scandinavian 

peninsula. It is where the greatest net 

variations of discharge per catchment 

area unit occurs. The exception to this 

is across eastern Sweden and several 

stations in the Glomma river basin in 

Norway where variations were between 

10% and a 100% higher in 2018. Lower 

discharge values also occur in the Elbe and 

Oder river basins, the upper and northern 

Danube river basin and Daugava river in 

Latvia. Stations that registered the highest 

increases  in 2018 compared to 2017 are 

mainly located in basins across northern 

Spain and in the Loire, Rhône, Po, Meuse 

and southern and eastern Danube river 

basin. Smaller increases are found across 

western Danube, Ireland and southern 

England.

Figure 6. Spatial distribution of relative  and net variations of minima discharge values in 2018 with respect  to 2017 (left) and the period 1991-2016 (right).

Transparency shows the years with available data for annual statistics in the reference period: (High transparency N<=10 years, Medium transparency 10< N <= 20, Opaque N> 20 years).

Concerning the NVI-values for annual 

normalized averages between 2018 and 
the 1991-2016 period, Figure 6 (right) 

shows that 60% of the stations where 

discharge values were, at least, 10% less 

in 2018 than 2017. Considering that the 

annual mean discharge is a water balance 

indicator, it can be said that the Rhine, 

western and central area of the Danube 

river basin and Elbe river have suffered 

a major drought event during 2018. This 

event extended to the Scandinavian 

peninsula, excluding the Glomma river 

basin in Norway. The Douro and several 

stations along the Guadalquivir river basin 

have suffered moderate hydrological 

deficits during 2018, but these basins 
are strongly regulated by reservoirs and 

dams. Therefore, in these two cases, the 

normalized mean discharge should only 

be considered as a water balance indicator 

under specific circumstances.

When comparing 2018 with the 1991-

2016 period, a hydrological surplus 

occurred mostly across the Po river basin, 

the eastern Danube river basin, the Ebro 

and Minho-Sil river basins in Spain, the 

Glomma river basin in Norway as well 

as for most of the stations located in the 

British Isles. 

Considering the minima values 
variations between 2018 and 2017, 

Figure 7 (left), 50% of the stations 

presented discharge values, at least, 10% 

less in 2018 than 2017 mainly occurred 

for stations in Norway, Sweden, Ireland, 

Scotland and stations located across 

Central Europe (the Rhine, Elbe, Oder and 

northern Danube river basin).

It is worth noting that the greatest 

negative discharge net variations per 

catchment area are mainly located in 

the Scandinavian peninsula as well as in 

a number of stations across the Rhine 

and Danube river basins and Ireland. 

Therefore, minima  values in 2018 were 

clearly more extreme in these areas when 

compared to 2017. 

The minima discharge values for 

stations located in Spain, southern 

England, the Po, western and southern 

Danube river basins, as well as most of the 

stations located in the Alpine area, were 

10% higher than the previous year. 

The distribution of minima values 

The resulting NVI are distributed among 

the classes indicated in Table 1.

Additionally the analysis of the NVI index 

(qualitative index) is complemented with 

the absolute differences of normalized 

discharge values for each statistic value 

analysed. This parameter represented by 

three different sized symbols. The break 

values for each size are according to the 

median and 90% quantile considering 

all the stations analysed. This allows 

analysing the magnitude differences of 

discharge per catchment area unit of 2018 

against 2017 and the historical period. 
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Figure 7. Spatial distribution of relative and net variations of mean discharge values in 2018 compared to 2017 (left) and the 1991-2016 period (right)Transparency shows the years 

with available data for annual statistics in the reference period: (High transparency N<=10 years, Medium transparency 10< N <= 20, Opaque N> 20 years).

variations between 2018 and the 1991-
2016 period, Figure 7 (right), shows that 

during 2018, 21% of the stations recorded 

minimum discharge during 2018 lower 

than  the annual minimum discharges of 

the historical series.

 This remarkable situation mainly 

occurred in southern Sweden and Norway, 

the Rhine main stream and upper and 

northern Danube river basin and upper 

Elbe river basin. Considering that the 

Rhine, Danube, and to a lesser degree 

the Elbe, are large rivers, these variations 

show the dry situation endured across 

these areas during 2018. 

On the other hand 79% of the stations 

have surpassed the minima values. This 

high percentage is understandable as 

the comparison is made considering the 

absolute minimum over a 25 years period 

where the minimum value of discharge is 

zero for a substantial number of stations. 

However this greatly affected by the 

length of historical time series available as 

shown in Figure 3.

For the maximum values variations 
between 2018 and 2017, 66% of the 

stations present positive variations, 

Figure 8 (left). This indicates that 2018 

was a year where the flood events were 
generaly more intense than in 2017. The 

highest positive variations occurred for 

the Ebro and Guadalquivir river basins in 

Spain, the Glomma river basin in Norway, 

British Isles, eastern Danube, the Po river 

basin, Finland, eastern Sweden, France, 

western Ukraine and some stations in the 

Rhine river basin.

On the other hand, maxima discharge 

events in 2018 were lower than during 

2017 for stations located in the Elbe, 

Oder, Minho-Sil river basin, northern and 

western Danube. Futhermore the highest 

net variations in terms of discharge per 

catchment area occurred in southern 

Norway. This also occurred for stations 

in Scotland, north-eastern and southern 

Spain and the upper Sava river basin.

Concerning the maximum values 
variations between 2018 and the 1991-
2016 period, in Figure 8 (right), during 

2018 8% of the stations exceeded the 

maxima discharge registered for their 

historical period. This was the case in 

isolated stations across Spain (Douro 

and LLobregat river basins), Ireland 

(Barrow river basin), France (Rhône river 

basin), Croatia (Sava river basin), Austria 

(Danube river basin), Latvia (Daugava 

river basin) and even scattered stations 

across Norway and Sweden. 

On the other hand, for most of the 

stations (92%) the maximum recorded 

value during 2018 remained below their 

historical maximum recorded value.

Figure 8. Spatial distribution of relative and net variations of maximum discharge values in 2018 compared to 2017 (left) and the 1991-2016 period (right)

Transparency shows the years with available data for annual statistics in the reference period: (High transparency N<=10 years, Medium transparency 10< N <= 20, Opaque N> 20 years).
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2 Gaps Analysis on the CEMS hydrological  

 data base
Initial considerations

This chapter analyzes the gaps in the 

CEMS hydrological data collection for the 

year 2018. 

The CEMS hydrological data collection 

is continuously filled with hydrological 
data from 1,550 gauging stations across 

Europe. The data provision frequency 

among those, vary largely from a value 

provided every minute to a value provided 

every 24 hours (see Figure 9). A gap occurs 

when no data is received for a specific 
period of time. If the data received fails 

the quality control criteria (outliers) is also 

considered as missing. The basic gap unit 

considered is a single missing value. A gap 

ends once the reception data is resumed 

and the missing values are not received. 

The importance of a gap will depend on its 

length.

Gap analysis

The analysis has been carried out on 

1,301 stations providing water level and/

or discharge values (see Introduction), 

from 36 DPs. 1,221 of these stations had 

problems with data transmission between 

January 1st 2018 and December 31st 

2018 on at least one occasion. 

In total 4.5% of all the data values 

Figure  9 : Provision frecuency by station

We define five classes of duration.

 More than 30 days

 From 10 to 30 days

 From 3 to 10 days

 From 1 to 3 days

 Less or equal than 1 day

87.7% of the gaps have a duration less 

than, or equal to 1 day generally resulting 

from changes in the data delivery times 

expected for 2018 were not received. 

However, 98% of all the 526,201 gaps 

lasted less than 1 day and 74% lasted less 

than 1 hour. To select only gaps relevant 

for HDCC operations, gaps consisting 

of 10 consecutive missing values or less, 

and with observation frequencies higher 

than 1 hour are discarded. That makes 

maximum duration gaps of 5 hours were 

discarded as those do not interfere in data 

processing tasks of the HDCC.

Having applied this filter, the number 
of gaps analysed dropped to 63,925, 

coming from 1,105 stations and for 1,747 

variables, as each station can provide 

water level and/or discharge values.

Gap classification by duration
and/or delays in data transmissions. 11% 

last from 1 to 3 days. The remaining 804 

gaps, representing 1.3%, lasted more than 

three days and require our intervention. 

Figure 10 shows the number of gaps 

according to time and the distribution of 

those longer than three days.

Focusing on the right of the figure, the 
majority of gaps range from 3 to 10 days. 

This is a result of a communication process 

with the DPs. HDCC detects missing data 

and monitors it for three days before 

establishing contact with the respective 

DP. Usually DPs are able to solve the 

issues within a couple of days after the 

first contact. Gaps that last more than 
30 days are less frequent as all parties 

involved have been notified and had time 
to solve the issues in most cases.

Figure 10. Number of gaps by time (on the left) and distribution in percentaje of those longer than three days (on the right).
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Gap classification by status
Once a gap occurs, several scenarios 

may unfold.

 Filled: The gap is filled with the 
missing data sent by the data provider.

 Filled interpolated: The gap is filled 
by the HDCC data interpolation process. 

Gaps with a duration of less than 5 days, 

are filled by an automatic interpolation 
process.

 Pending: Pending action, this applies 

to gaps recently detected.

 Not filled: No interpolation or filling 
is carried out. It usually happens for gaps 

longer than 5 days. The gap remains.

In the case of interpolated data, when 

the missing data from the DP is received, 

the new data replaces the interpolated 

data.

Figure 11 shows the distribution of 

gaps according to the previous categories 

and duration intervals. Most of the short 

duration gaps (less than 3 days) are 

interpolated and the gaps are filled. For 
medium duration gaps (3 to 10 days) the 

percentage of interpolation, resulting in 

26.32% is often not filled. Gaps that last 
more than 10 days are not filled and will 
be permanent unless the DPs  provide the 

missing values.

Figure 11.Percentage of gap status by gap length.

Other aspects to be considered

The 63,925 gaps analysed add up to 

1,629,963 missing values with a total of 

32,249 accumulated days. The average 

length per gap is 0.5 days, whereas the 

average number of gaps per station and 

variable is about 37; hence an average of 

18.5 days of gaps for each data record.

Figure 12 presents monthly boxplots 

with the percentage of received data 

against expected data for each DP. 

The mean value is quite stable ranging 

between 94.9 and 96.1%, although some 

DPs provide lower ratios.

When comparing these values to 2017 

the mean received data percentage for 

2018 is higher, reaching 95.5 %. The main 

cause is the lower rate of received data in 

january 2017 (91.2 %) compared to the 

same month in 2018 (95.2 %).

The maps in Figure 13 and Figure 14 

show the spatial distribution of gaps, 

with respect to the average gap duration 

(days) and maximum gap length (days), 

respectively.

Figure 12. Box plot depicting the monthly data reception against the expected data delivery from EFAS Dps.

Figure 13. Average gap length in days per station.  Figure 14. Maximum gap length in days per station
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Gap typology and proposal for future data collection strategy

In only 804 cases or an equivalent 

of 1.3% of all gaps, gaps were longer 

than 3 days and entailed the HDCC to 

communicate with the DP involved. Based 

on communications with the DPs and 

their replies, it was possible to establish 

a gap classification system based on gap 
causes (see Table 2). This classification 
helps to develop and propose a series 

of measures to help improve the data 

collection strategy both quantitatively 

and qualitatively.

Figure 15 shows the number of gaps for 

each category classified by gap duration.
The following considerations may be 

useful as well:

 If a specific station presents gaps 
repeatedly, an alternative station could 

be proposed as replacement. It could 

be a station located nearby. Or it could 

be considered to be removed from the 

system.

 When delays occur repeatedly for a 

specific DP or station, a possible solution 
to avoid the gaps could be to increase 

the response time for the data collection 

process. We consider the response time 

as the time before considering the data 

is missing. This measure would allow for 

presumed missing data, that might be 

automatically completed in the following 

data transfer, to be avoided.

 For gaps that are of less than 1 hour 

Table 2: Gap classification with possible solutions

Figure 15. Number of gaps by duration and typology. Percentage of occurrence.

or those which are a result of time interval 

variations (irregular data delivery), these 

could be avoided by normalizing the data 

series (i.e. aggregating data to 1 hour 

operational tables).

The following considerations may be 

useful as well:

 If a specific station presents gaps 
repeatedly, an alternative station could 

be proposed as replacement. It could 

be a station located nearby. Or it could 

be considered to be removed from the 

system.

 When delays occur repeatedly for a 

specific DP or station, a possible solution 
to avoid the gaps could be to increase 

the response time for the data collection 

process. We consider the response time 

as the time before considering the data 

is missing. This measure would allow for 

presumed missing data, that might be 

automatically completed in the following 

data transfer, to be avoided.

 For gaps that are of less than 1 hour 

or those which are a result of time interval 

variations (irregular data delivery), these 

could be avoided by normalizing the data 

series (i.e. aggregating data to 1 hour 

operational tables).

Outliers analysis
For the analysis of the outliers detected 

throughout 2018, we defined outliers 
as data values that are out of the quality 

control range determined for each variable 

and station. The ranges are defined by six 
different Quality Levels (QL1, QL2, QL4, 

QL5 and QL10). The most useful QL for 

the detection of outliers is QL1. It checks if 

a value ‘v’ is between minimum (Vmin) and 

maximum (Vmax) values that are specific 
for each station and variable.

Figure 16 Outlier aggregations and frequencies
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Figure 17. Stations that registered outliers in 2018 Figure 18. Total number of outliers per station.

Outliers detected are considered 

as erroneous data values. If several 

consecutive outliers are detected, 

these are defined as erroneous data 
aggregations. 

A total of 43,672 outliers have been 

registered across 278 stations from the 

1,301 stations studied in this report. 

Considering that the total number of 

values received is 50,648,077, the rate of 

outlier occurrence is approximately 0.1 %.

Figure 16 illustrates the different types 

of outliers according to their aggregation 

and frequency.

The majority of outliers detected are 

single values while large aggregations are 

the least frequent.

Figures 17 and 18 represent the 

stations that registered outliers in 2018 

and the total number of outliers received 

for each station.
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3 Analysis of Exceedance events

General description
Out of the 1301 stations initially 

selected for this report, threshold levels 

are available for only 886 stations (68%). 

Of these, 458 stations (52%) had their 

threshold levels exceeded during 2018. 

Compared to 2017, the amount of 

stations with defined threshold level 
has increased by 78 and cover a total 

of 504 rivers and 163 basins, rising the 

number of rivers and basins by 57 and 

21 respectively in 2018. Figure 19 shows 

the spatial distribution of threshold 

level exceedances. In terms of rivers 

across Europe 55% registered threshold 

exceedances; and in terms of European 

basins 49%. Of the total of 20 countries 

with available data, only 2 (Belgium 

and Netherlands) did not register any 

threshold exceedance event. 

A total of 1443 exceedance events were 

registered in 2018 (503 more events than 

in 2017), of which 90% lasted less than 10 

days. 

Most events took place during the 

winter (particularly in January and March), 

spring (April and May) and the beginning 

of autumn (October). On the contrary, 

August and September were the months 

with the fewest events, and the longest 

stretch without any exceedance event 

(21 days) occurred during November and 

December. 

Figure 19: Stations with threshold levels exceedances in red, non-exceeded threshold levels in blue. The table shows a 
summary of threshold exceedances in 2018, considering different spatial scales aggregation levels: stations, river, basin 
and country and station location.

Duration of Exceedances

This section analyses the duration of 

exceedance events per station during 

2018.

By station
As initially described, 1443 threshold 

level exceedances events were recorded 

during 2018. In Figure 20 we have the 

geographical distribution of stations 

classified according to their events total 
accumulated duration and occurrences. 

Most stations recorded between 1 and 

5 events throughout the year, with the 

average number of events per station 

being equal to 3.

When calculating the total accumulated 

exceedances duration per station, most 

stations exceedances events (72%) lasted 

less than 10 days and only 28% recorded 

over 10 days. These last stations are 

located mainly across the Sava, Danube, 

Tisza and Kupa rivers (Danube basin), 

Pripyat, Berezina, Dnieper, Sozh and Styr 

rivers (Dnieper basin), as well as the Rhine 

and Secchia rivers (see Figure 20).

Figure 21 illustrates the geographical 

distribution of the average duration of 

threshold level exceedances by station. 

The average duration of exceedance 

events for all the stations in 2018 is of 

7.5 days.  Nearly 60% of the stations 

recorded less than 2 days of events 

throughout the year: these stations are 

located across Spanish, Isreali and Italian 

rivers, except the Po river. The maximum 

average durations are distributed across 

the Tisza River, in the Danube river basin, 

and particularly in the Dnieper basin 

in Belarus: on the rivers Styr, Dnieper, 

Pripyat, Slutch, Ptich and Stochid.

Focusing on the maximum duration 

event per station, 20% of the stations 

recorded events over 10 days long. Figure 

22 shows the classification of exceedances 
according to their maximum duration in 

days. The longest durations (over 100 

days) occurred for stations located in 

the Danube and Dnieper basins, more 

specifically on the Tisza, Styr, Dnieper, 
Pripyat, Pitch, Slutch and Stokhid rivers.

In this section the hydrological stations 

that exceeded their threshold level 

during 2018 are analysed. A threshold 

level is a gauging-station specific value 
that is provided by the national/regional 

authorities responsible of a gauging 

station network. Depending on the data 

provider, a different number of threshold 

levels might exist, varying from 1 to 5. 

The purpose of threshold levels is to 

flag certain hydrological stages, such as 
critically high or low flows. It allows the 
authorities responsible to monitor the 

current hydrological situation, and in case 

of a threshold exceedance to plan and 

implement mitigation measures.

The following analysis focuses on the 

exceedance of threshold levels for high 

river flows. An event is defined as each 
time a measured discharge or water 

level value exceeds any of the threshold 

levels of the station. The event duration 

is considered from first level exceedance 
until the values again drop below the 

lowest threshold level. 
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Figure 20. Station distribution and classification according to number of events (by symbol size) and total 
accumulated duration of exceedance events (by colour coding). Bar chart on the upper left corner shows the 

number stations by number of events.

Figure 21. Average duration of events for EFAS stations in 2018 and number of stations according to the 

average duration event recorded in each station (pie chart).

Figure 22. Number of stations classified according to their 
maximum duration of events.

By events
75% of the exceedance events lasted 

less than 2.7 days, however the average 

duration is of 4.5 days, meaning that there 

are some very long events that strongly 

influence the average. Only 15% of the 
events lasted between 2.7 days and 10 

days while 10% lasted over 10 days. 

Events lasting less than 10 days were 

the most common and occurred across 

91% of the rivers. There were 25 rivers 

that only registered long duration events.

These are located in the Dnieper basin, on 

the Kraszna and Stari Begej rivers in the 

Danube basin and Swedish rivers located 

in the Harmangersan, Gadean, Helge a, 

Kalix, Moalven, Morrumsan, Testeboan 

and Lotan basins. 

The longest events (over 50 days) 

started between the months of January 

and April 2018 and were located mainly 

across Belarus (Dnieper and Neman 

basins), southern Sweden (Morrumsan 

and Helge basins), and in the Danube 

basin (lake Ossiach and Tisza River). The 

longest threshold exceedance event was 

registered in the Danube basin (Tizsa 

River) with 207 days (from 21.04.2018 

to 14.11.2018). A case by case analysis 

showed that not all threshold level 

exceedance events correspond to actual 

flood events, but rather with relatively low 
first national threshold levels. This seems 
to be the case for the lake Ossiach and Tisza 

River in the Danube basin. On the contrary 

the long threshold exceedance events in 

Belarus (Dnieper and Neman basins) and 

in southern Sweden (Morrumsan basin) do 

correspond to actual flood events.1,2

REFERENCES

1  https://reliefweb.int/report/belarus/

belarus-floods-emergency-plan-action-epoa-
dref-operation-n-mdrby008

2  https://stock.adobe.com/images/early-

spring-flood-in-the-morrum-river-in-sweden-
extreme-amounts-of-water-makes-the-river-

overflow-and-the-water-rush-furiously-over-
rocks-and-trees-january-2018/188196013
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Highest threshold level exceedances 

This section identifies the most severe 
events. However, as mentioned above the 

number of threshold levels per station 

varies across Europe between 1 and 5. For 

this reason the following analyses focuses 

on 

1) Stations with more than 1 threshold 

level, and the highest threshold has been 

exceeded; and

2) stations that have only 1 threshold 

level, and the level (discharge or water 

level) has been exceeded by at least 50%.

Figure 23 shows the spatial distribution 

and duration of the high level events for 

2018. 66 stations exceeded 1) or 2).

65% of these stations are located across 

the following basins: Danube (26%),  Rhine 

(12%), Dnieper (9%), Llobregat (6%), 

Guadiaro (6%) and Guadalhorce (6%). The 

remaining 35% are found in the basins: 

Glomma, Skien, Neman, Elbe, Drammen, 

Gaula (Melhus), Indalsalven, Kinso, Loelva, 

Lotan, Lule, Marsvik, Namsen, Po, Storelva 

(Hunviksfjorden), Torne, Visa and Vosso.

The longest events (over 10 days) 

occurred across Belarus, in the Dnieper 

basin, for stations located on the Pripyat, 

Slutch, Pronya rivers. Whereas events 

lasting between 5 and 10 days occurred 

in the Dnieper basin (Drut and Pripyat 

rivers) followed by the Visa (Norway), 

Tronan (Lotan basin) and Sava (Danube 

basin) rivers. Most of these “highest 

level” events were registered in January, 

March and October, as shown in Figure 

24. The same figure also illustrates the 
total number of events by month (in blue). 

In 2018 seven percent of the events were 

"high level" events. March was the month 

with more events. During the summer 

season and the month of December hardly 

any severe events occurred. August and 

December are the only months without 

severe events.

Figure 23. Duration of the highest threshold level exceedances and river basins where the stations are located.

Figure 24. Number of “highest level” events vs total events per month in 2018.
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 4 Case study on the 2018 drought in  

 Central Europe
Introduction and study area

2018 was an extremely dry year across 

Europe, in particular for Central Europe 

(especially in Germany, Switzerland, 

Austria, Czech Republic and Slovakia). 

In this regard, the European Flood 

Awareness System (EFAS), in its bimonthly 

bulletins from June to November (https: //

www.efas.eu/bulletins) highlighted the 

basins of Rhine, Elbe, Danube and Oder.

Temperatures reached record high levels, 

while precipitation were largely missing. 

The European Centre for Medium-

Range Weather Forecasts (ECMWF), 

in Newsletter Nº-157- Autumn 2018, 

indicates that Europe was involved in a 

heatwave from April to August 2018 with 

anomalies of near-surface air temperature 

(calculated by the Copernicus Climate 

Change Service -C3S-) far larger than in 

any previous year since 1979 (https://

www.ecmwf. int/sites/default/f i les/

elibrary/2018/18705-newsletter-no-

157-autumn-2018.pdf).  The European 

Drought Observatory (EDO) monitors 

some drought indicators that represent 

different components of the hydrological 

cycle (e.g. precipitation, soil moisture, 

reservoir levels, river fl ow, groundwater 
levels) or specifi c impacts (e.g. vegetation 
water stress) that are associated with 

a particular type of drought.  From a 

hydrological point of view, the EDO 

already alerted of a high level of low fl ow 
hazard in Central-Northern Europe in 

August and September 2018  (http://

edo.jrc.ec.europa.eu/documents/news/

EDODroughtNews201808_Central_

North_Europe.pdf and  http://edo.

j r c . e c . e u r o p a . e u /d o c u m e n t s /n e w s /

EDODroughtNews201809_Central_

North_Europe.pdf). As a consequence, also 

reported by the EDO, soil moisture and 

river levels dropped dramatically affecting 

available water resources in quantity 

and quality, causing substantial rainfed 

pasturelands affections, agricultural 

losses and crop yield reductions, algae 

bloom, disruption of navigability of 

major rivers,  enhanced fi re hazard, etc. 
This severe situation triggered several 

water management actions such as the 

regulation of water use, hosepipe bans and 

irrigation restrictions, the rationalisation 

of domestic water, rise of the electricity 

prices due to the high dependency on 

hydropower, tax relief for farmers, etc. 

This chapter analyses the drought 

situation from an hydrological point of view 

based on the Rhine river as an example, 

since the Rhine was severely impacted 

by the drought. The international press 

stated “Europe’s Most Important River 

Is Running Dry”. The situation became 

critical in November 2018. The press 

indicated that certain areas of the city of 

Cologne (Köln) the largest city along the 

Rhine river, which normally accounts for 

average water levels above 3m, registered 

water levels values of 70cm, comparing it 

to the city’s lowest historical water level 

event back in 1929, when it reached a 

minimum value of 61 cm. This resulted in 

the interruption of different boat services 

along the river, as they were unable to 

navigate properly.

For the analysis, discharge data of a total 

of 44 stations along the Rhine river and its 

tributaries were selected. Only tributaries 

with a Strahler order higher than 6 were 

considered, as they present a more stable 

regime and are less affected by small and 

local rainfall events. Tributaries selected 

are the Main, Aare, Moselle, Reuss and 

Saane; those are shown together with 

the stations in Figure 25 along with the 

Copernicus Combined Drought Indicator 

(CDI)  evolution maps from June to 

November 2018.

Figure 25. Station location map and Copernicus CDI evolution maps from June to November, with “Watch, Warning and Alert” areas.
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The analysis of the hydrological drought 

was done based on two concepts: a) the 

length of the drought period, and b) the 

fl ow duration curve.

Identifi cation of the drought period.

  For each of the 44 stations the 

mean daily discharge was calculated for 

the year 2018. This avoids the impact of 

intraday variability of the fl ows (60, 15, 5 
minute data).

 To determine if the 2018 daily mean 

discharges can be considered as low fl ow 
or not, low fl ow thresholds had to be 

determined. Two low fl ow thresholds have 
been derived based on daily means from 

the historic time period 1991-2017:

* the 5th percentile for each calendar 

month (P05), and

* the historic monthly minimum (P0).

In addition the evolution of the drought 

event is visualized by monthly maps 

showing the number of days below the low 

fl ow threshold(s).

 Drought events are identifi ed by 
comparing the daily mean discharges for 

2018 against the low fl ow thresholds. 
Figure 26 shows a visual example. Single 
events (e) are described as the period in 

which the daily mean discharge values 

of 2018 are consecutively below the low 

fl ow thresholds (here P05: but in our 
analysis also P0). According to the criteria 

of Carmelo Cammalleri et al (2017), a gap 

between two single drought events must 

be minimum 6 days, else drought periods 

should be considered as  one Drought 

event (E). The duration will be the sum 

of drought events (E) from the fi rst value 
to the last value considered. E.g.: E1= e1; 
E2= e2; E3= e3+G3+e4; G2 is bigger than 
6 days. 

 Once all the drought events (E) 

have been identifi ed for each station, the 
Drought Event Duration Indicator (E

TOT
) 

is then determined as the sum of all the 

drought events (E.g.: E
TOT

 = E1 + E2 + E3).

  The Regional Drought period is 

determined analysing all the Events (E) 

referred to the P05 for all the stations 

across the basin and using a scatter 

plot that shows the general trend in the 

succession of events.

Methodology

Figure 26. Wesel Station (EFAS-ID 54) Hydrograph which represents in red single (e) and drought events (E), and gaps (G) in blue.

The Flow duration curve (FDC)

The Flow Duration Curve (FDC) 

(Smakhtin 2001) represents relationship 

between the magnitude and the 

cumulative frequency of the daily 

discharge values. The entire section of 

the FDC below the 50th percentile (P50) 

is considered as “low-fl ow” conditions, 
which can be interpreted as an indicator 

of the contribution of ground-water and 

subsurface fl ows to streamfl ow (Smakhtin 
2001). In addition, the analysis will also 

consider the two low fl ow indicators 
defi ned above P0 and 5th Percentile.

Results
Figure 27 shows the Drought Event 

Duration Indicator (E
TOT

) for each of the 

44 selected gauge stations, calculated 

for the two low fl ow thresholds (P0 and 
P5), and classifi ed into 5 levels according 
to their duration. Figure 26(A) shows the 

Indicator (E
TOT

) under P05 and Figure 

26(B) shows the Indicator (E
TOT

) under 

P0. Both plots show the same tendency 

regardless of which low fl ow threshold 
was used. The durations of the draughts 

were substantially longer for the middle 

and lower Rhine river in comparison to 

its tributaries, except the Main river that 

accounts for two stations with over 140 

days E
TOT

. Three stations (Rheinweiler, 

Bangs and Rietbrüke) registered 

discharges below the 10th percentile, but 

never below the 5th percentile.

Setting the 5th percentile as the low 

fl ow threshold, E
TOT

 values above 140 

days occurred for the stations Emmerich, 

Wesel, Ruhrort, Kaub, Neuhausen and 

Rekingen (Rhine river), while Kemmern 

and Steinbach (Maine river) with a 

maximum E
TOT

 of 200 days for Steinbach 

(composed by 2 drought events E) . When 

using the P0 as threshold, the highest 

E
TOT

 of 93 days (composed by a total of 

2 drought events E) occurred at Wesel, 

while E
TOT

 values above 60 days happened 

for Emmerich, Wesel, Ruhrort, Worms, 

Pittersdorf and Rekingen. The low fl ow 
was below the previously observed long-

term monthly minima for over two months 

for all stations.

The average duration of drought events 

(E) for P05 was 28 days and for P0 14 days. 

The longest drought event lasted 196 days 

(P05, Steinbach – Main river)  and 51 days 

(P0, Ruhrort, Main river), respectively.

To determine the Global Drought period, 

Figure 28 shows a scatter plot with the 

initial and fi nal dates for all the P05 events 
E. Marked in blue are the dates during 

which the drought events occurred most 

frequently. When analysing the global 

behaviour of the stations we are able to 

defi ne 22 June 2018 and 08 December 
2018 as the initial and fi nal dates of the 
Global Drought Period .
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Figure 27.  Drought Event duration Indicator (ETOT) for the P05 and P0 thresholds, classifi ed into 5 levels.

Author: Kmtextor  - Creative Commons Attribution-Share Alike 4.0 International.
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Figure 28.  Scatter plot representing the beginning and fi nal dates of different P05 events E.

Figures 29A and 29B present the 

monthly evolution of the event for 

the complete months included in the 

Regional Drought Period of 2018 (July 

to November). Each monthly plot shows 

for each station, the total number of 

days where the mean daily discharge was 

below the low fl ow thresholds P05 (Figure 
29A) and P0 (Figure 29B). 

Regardless the low fl ow threshold, the 
month of November stands out; from 

a total of 44 stations, 21 registered for 

the entire month values below P05 and 

3 stations below P0. Similarly, 18 and 13 

stations were under P05 for the entire 

August and October, respectively. The 

situation for the upstream section of 

the main Rhine was less severe, with 

fewer days below P05. The values of 

three stations (Rheinweiler, Bangs and 

Rietbrücke, see Figure 25), were mostly 

under the 10th Percentile but never below 

the 5th Percentile.

Analyses of the annual fl ow duration 
curve (FDC) confi rms the results above. 
The stations located in the middle and 

downstream sections have mean values 

below the P05 for over 75% of the 

year. When focusing on the Regional 

Drought Period (from 22 June 2018 to 08 

December 2018) the FDC falls below the 

P05 and sometimes even under the P0. 

The average fl ow values registered are 
below P05 for approximately 90% of the 

Figure 29A. Monthly evolution of the Daily Mean values compared to the 5th Percentile
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Global Drought Period (over 140 days) 

and below the Historic Monthly Minimum 

for approximately 30% of the period (over 

60 days).

Figure 30 shows the 2018 hydrographs 

and the FDCs for the Global Drought 

Period of the 4 stations with the highest 

E
TOT 

values for the P05 and P0 (Emmerich, 

Ruhrort and Wesel downstream and 

Rekingen upstream of the Rhine river; see 

Figure 25 for their location).

Although the analysis focuses on the 

drought period that affected 2018, it 

should also be mentioned that there were 

unusually high fl ow values registered at 
the beginning of the year, due to two fl ood 
events that occurred in January 2018. 

Flow values of 21 stations surpassed their 

Historical Maximum values for January on 

these occasions. This can be observed in 

the hydrographs of Figure 30.

Figure 29B. Monthly evolution of the Daily Mean values compared to the Percentile 0

Figure 30. 2018 hydrographs and Flow Duration Curves for the Global Drought Period. Stations ordered from upstream to 

downstream of the Rhine river. Note that percentiles are calculated for each month, their values present a staged appearance.
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Figure 31. Emmerich station. Comparisson between 2003 and 2018 hydrographs.

For an assessment of the impact of the 

drought event against the historic time 

series available, the monthly minimum 

and median values registered for every 

year were compared to the respective 

ones of 2018 for the four stations with 

the maximum E
TOT

  discussed in this 

chapter (Emmerich, Ruhrort, Wesel and 

Rekingen). Previous to 2018, 2003 is the 

year with the lowest minimum and median 

values for the  months going from July to 

October. The year 2018 still stands out for 

being the driest year of all, with the lowest 

values registered during the month of July. 

Author: Ballapete - Creative Commons CC0 1.0 Universal Public Domain Dedication.

Figure 31 compares both hydrographs 

during the drought period for the station 

Emmerich, the most downstream station 

of the four previously mentioned, located 

at the border between Germany and the 

Netherlands.
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5 Conclusions

A pan-European analysis on the 
hydrological situation was performed for 
the year 2018 based on 1301 hydrological 
stations from 41 data providers. The 
data was collected by the HDCC, who 
is responsible for the Copernicus 
EMS hydrological data collection. 
The analysis provided an inside and 
increased understanding of the observed 
hydrological situation across Europe for 
the year 2018. In the following a summary 
of the main findings per chapter. 

 Hydrological Conditions

The analysis showed that a major 
drought event affected central and 
northern Europe in 2018. The lowest 
discharge/ water level ever recorded were 
registered in Norway, Sweden, Ireland, 
Scotland and stations located across 
Central Europe (Rhine, Elbe, Oder and 
northern Danube river basin).

In the peripheral areas of Europe, on 
the contrary, a slightly positive water 
balance was registered, with 8% of all 
stations exceeding their highest discharge 
recorded up to then.

Gaps

In 2018, the HDCC received 95.5% 
of all expected data. The missing 4.5% 
of data were analysed through a gap 
analysis. Regarding duration, 87% of gaps 
last less than 1 day, 11% last between 1 

and 3 days, and 1.3% more than 3 days. 
Gaps up to 3 days are filled by the HDCC 
through interpolation; whereas gaps with 
durations longer than 3 days require a 
communication with the data provider. 
In approximately 90% of the cases it 
was possible to identify the cause of the 
gaps, which allowed to propose solutions 
accordingly.

Compared to the previous year (2017), 
the rate of received data versus expected 
data is slightly higher in 2018 (95.5%) 
than in 2017 (95.2%). Also the number 
and duration of gaps have decreased 
slightly.

Exceedances

For all stations that do not only deliver 
water level or discharge data, but also the 
corresponding national threshold level 
an analysis on the exceedance of those 
threshold levels was carried out. 886 
stations of the CEMS hydrological data 
collection, corresponding to 504 rivers 
and 163 basins, are provided with their 
own thresholds, and hence were analysed. 

Throughout 2018, 52% of the stations 
exceeded their threshold, which is 10% 
higher than the previous year. The total 
number of exceedances events reached 
1443, surpassing 2017 by 503 events. 
The most extreme threshold exceedance 
events occurred in stations across 

Danube, Rhine, Dnieper, Llobregat, 
Guadiaro and Guadalhorce basins. The 
duration of these events lasted over 5 
days and mainly occurred during the 
months of January, March and October.

Drought Event

The extreme case analysis focused on 
the especially dry conditions endured 
across Europe, based on the example of 
the Rhine river basin. Although January 
2018 registered high discharge values 
above the 90th percentile for the Rhine, an 
extensive period with low precipitations 
turned the situation into a widespread 
drought event. Mean discharge values 
dropped below the 5th percentile for over 
five months, affecting stations across the 
whole river basin. When considering the 
historical series analysed, 2018 stands 
out with the lowest discharge values ever 
registered.

As a final remark we would like to 
emphasize the importance and usefulness 
of the hydrological real-time and historic 
data provision through the data providers 
supporting the CEMS EFAS project, and 
thank you once again.
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 Annex 1: Data provider list

 

 

Austria
Federal Ministry of Agriculture, Forestry,
Environment and Water Management

Belgium

Hydrological Information Centre

Service public de Wallonie

Bosnia and Herzegovina

Federal Hydrometeorological Institute

Croatia
Meteorological and Hydrological Service
of Croatia

Estonia

Estonian Environmental Agency

Finland

Finnish Environment Institute

France

Ministère de l'Ecologie et du 
Développement Durable Service Central 
d'Hydrométéorologie et d'Appui à la 
Prévision des Inondations 

Germany

Bundesanstalt fuer Gewaesserkunde

Saxon State Agency for Environment and 
Geology

Hessisches Landesamt für Umwelt und Geologie

Landesamt für Umwelt, Wasserwirtschaft und 
Gewerbeaufsicht Rheinland - Pfalz 

Landesamt für Umwelt, Gesundheit und 
Verbraucherschutz 

Bayerisches Landesamt für Umwelt

Hungary

Hungarian Hydrological Forecasting Service (OVSZ), 
General Directorate of Water Management (OVF)

Ireland

Offi ce of Public Works of Ireland

Italy

Servizio Idro Meteo Clima 

Latvia

Latvian Environment, Geology and
Meteorology Centre

Czech Republic

Czech Hydro-Meteorological Institute

Netherlands

Rijkswaterstaat Institute for Inland Water 
Management and Waste Water Treatment

Norway

Norwegian Water Resources and Energy 
Directorate, Hydrology Department

Poland

Institute of Meteorology and Water 
Management Wroclaw Branch

Romania

Institutul National de Hidrologie Si 
Gospodarire A Apelor

Serbia

Republic Hydrometeorological Service of Serbia

Slovakia

Slovak Hydrometeorological Institute

Slovenia

Environmental Agency of the Republic of Slovenia

Spain

Automatic System of Hydrological Information for 
the Ebro River Basin

Government of Andalusia - Regional Ministry 
for the Environment and Spatial Planning, 

Environmental Information Network

Confederación Hidrográfi ca del Miño - Sil

Catalan Water Agency

Confederación Hidrográfi ca del Duero

Swedish Meteorological and Hydrological Institute, 
core services department

Sweden

Switzerland

Federal Offi ce for the Environment

Ukraine

State Emergency Service of Ukraine
Ukrainian Hydrometeorological Center

United kingdom

UK Met Offi ce - Flood Forecasting Centre

Scottish Environment Protection Agency

Bulgaria
National Institute of Meteorology and 
Hydrology

Belarus

Republican Emergency Management and 
Response Center of the Ministry of Emergency 
Situations of the Republic of Belarus

Republic of Kosovo

Kosovo Enviromental Protection Agency

Russian Federation

Hydrometcenter of Russia

Hellenic Republic

Hellenic National Meteorological service

Confederación Hidrográfi ca del Guadalquivir
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