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Abstract: A near-real time hydrological drought monitoring index, as recently implemented within the European Drought 
Observatory (EDO), is described. This index takes advantage of daily discharge data simulated by the Lisflood model 
to capture the dynamic nature of the drought phenomenon. Drought events are defined as prolonged periods in which 
the discharge values fall below a defined threshold, and the probability of occurrence of the total water deficit, 
compared to historical events, is used as measure of the severity of the drought. A daily-changing threshold is adopted 
for each modelling cell in order to account for the different hydrological regimes observed across the European 
domain. In this paper, the theoretical concept behind the indicator and its operational implementation in the EDO web 
portal are described. The proposed drought index demonstrated a good capability to capture the major drought events 
reported in the European Drought Reference (EDR) database since 1995, including the most recent drought that 
occurred during summer 2015 in Central Europe. In its current implementation, the index allows for a continuous 
monitoring of hydrological droughts of the major river basins (drainage area > 1,000 km2) in the pan-European 
domain. 
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1. INTRODUCTION  

Hydrological drought is defined as a lack of water in the hydrological system, which may result 
in exceptionally low streamflow, lake level, reservoir and groundwater storage (Tallaksen and van 
Lanen, 2004). Anomalies in these hydrological variables are related to several vulnerable sectors, 
including drinking water supply, hydropower production and inland water transportation (van Loon, 
2015). Tallaksen and van Lanen (2004) highlighted the rapid response of streamflow to 
meteorological drought, as compared, for example, to groundwater, and proved it to be a good 
descriptor for an operational monitoring of hydrological drought. 

The aim of a streamflow-based hydrological drought monitoring system is to firstly identify the 
low-flow river regime and successively detect the occurrence of such low-flow periods and their 
magnitude as compared to the historical events. The first step is commonly achieved through the 
definition of a low-flow threshold in terms of a percentile of a historical record (usually between 
70th and 95th percentiles; Corzo Perez et al., 2011); the second step is based on computing the main 
traits of the continuous periods during which the streamflow is below the low-flow threshold (e.g., 
duration, intensity, magnitude, severity). 

In this paper, the low-flow index developed in the context of the European Drought Observatory 
(EDO, http://edo.jrc.ec.europa.eu) is described, including the hypotheses adopted to define the low-
flow threshold and a suited drought severity metric, as well as the river discharge datasets used in 
the analysis. 

The index has been operationally implemented within EDO by using the streamflow outputs 
provided by the Lisflood model at pan-European scale within the European Flood Awareness 
System (EFAS), which is part of the Copernicus Emergency Management Service (Smith et al., 
2016), and examples of both data visualization and enquiring within the system are also reported. 



 C. Cammalleri et al.  190 

2. MATERIALS AND METHODS 

2.1 Low-flow index 

The proposed low-flow index is based on the use of daily streamflow data (Q) as modelled by a 
hydrological model. The computation of the index can be divided into three phases: i) a preliminary 
phase where the low-flow regime for the specific river section is defined, ii) the analysis of the 
probability distribution of previous water deficit events, and iii) the computation of the low-flow 
index for the actual event compared to the low-flow historical condition. 

The first phase is achieved by computing a daily-changing streamflow threshold value as the 95th 
percentile of a dataset constituted by 31×n daily discharge data (van Loon et al., 2010), with n equal 
to the number of years in the fitting dataset and a 31 days moving window centered on the specific 
date (t). This threshold time-series (namely Q95,t) is used to discriminate between low-flow periods 
(Q < Q95,t) and regular water regime. 

Once Q95,t is defined, following the theory of runs (Yevjevich, 1967) an event can be defined by 
a period of consecutive days with Q < Q95,t; as a synthetic measure of the magnitude of an event, the 
total deficit (D) is here adopted, represented by the integrated area of the discharge curve below the 
threshold. This quantity is usually considered more valuable than the simple duration (d) or the 
maximum intensity (maximum deviation from the threshold). 

Due to the stochastic nature of this approach, separate events that are close in time may need to 
be pooled in order to account for their mutual dependence. In the proposed approach, the simple 
minimum inter-event time method proposed by Zelenhasić and Salvai (1987) is adopted, assuming 
that consecutive events should be merged if the inter-event time is < 10 days. 

Additionally, in order to ensure a robust statistical analysis of the observed past events, the 
events shorter than 5 days are excluded by the successive analyses, following the minimum-
duration approach suggested by Jakubowski and Radczuk (2004). 

The full procedure is schematically described in Fig. 1, where five low-flow events are 
identified, but, actually, only two events are considered in the successive analyses, a fist one 
constituted by the sum of the first three events (pooling) and the fourth event, whereas the last event 
is ignored due to its small size. 

 

Figure 1. Schematic representation of a sequence of runs with examples of three mutual dependent events (1, 2, 3) and 
a minor event (5). Daily water discharge values (Q) are shown as a grey line, whereas the daily-changing low-flow 

threshold (Q95) is represented as a black line. 
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The dataset constituted by past events observed in a baseline reference period is used to fit the 
inverse scale parameter, λ > 0, of an exponential distribution (equal to the inverse of the sample 
mean according to the maximum likelihood method), if at least 5 past events were observed. 

The value assumed by the cumulative distribution function (cdf) for a specific value of D, 
computed as:  

F D! = 1-e-!!! with D! ≥ 0 (1) 

is used as a measure of the severity of the hydrological drought event, ranging from 0 (no drought) 
to 1 (extreme drought). 

In its operational implementation, the F(D) index is computed every day in a near-real time 
fashion with a delay of about two days, and maps are produced three times per month 
(corresponding to the dates 11, 21 and end-of-month); this approach allows accounting for the 
continuous nature of streamflow and it does not rely on a pre-defined accumulation period (i.e., 
month) unlikely other indicators (i.e., the Standardized Runoff Index, SRI; Shukla and Wood, 
2008), capturing also events that last more than a single accumulation period.   

2.2 River discharge dataset 

The daily river discharge data used in the operational computation of the low-flow index in EDO 
are derived from the Lisflood hydrological rainfall-runoff model (de Roo et al., 2000), a spatially 
distributed model developed by the water and floods research groups of the JRC (Joint Research 
Centre) of the European Commission, which is designed to reproduce the hydrology of large and 
trans-national European river catchments. 

The version of the model used in this study is the one that operationally runs within EFAS on the 
pan-European domain on a regular grid with cell size of 5-km. In this setting, Lisflood adopts a 
number of static inputs (see van der Knijff et al., 2010, for more details), including the soil 
hydraulic properties derived from the European Soil Database (http://eusoils.jrc.ec.europa.eu/ 
ESDB_Archive/ESDBv2/index.htm), land-use classes from the CORINE project (Batista e Silva et 
al., 2013) and monthly leaf area index maps from the MODIS (Moderate-Resolution Imaging 
Spectroradiometer) standard product (Myneni et al., 2003). The spatial structure of the river 
network and drainage areas have been derived from the JRC Catchment Characterisation and 
Modelling (CCM) project (http://ccm.jrc.ec.europa.eu; Vogt et al., 2007). 

A daily meteorological forcing dataset is developed within the EFAS system by interpolating 
different point-scale data sources: the EU-FLOOD-GIS database, the JRC-MARS database (which 
integrates both national meteorological services and data acquired via the Global 
Telecommunication System, GTS), the World Meteorological Organization (WMO) synoptic 
observations, and the German Weather Service (Ntegeka et al., 2013).  

3. RESULTS AND DISCUSSION 

Calibration of the low-flow index, including the computation of the low-flow threshold and the 
fitting of the exponential distribution to past drought events, was performed on a dataset constituted 
by 21 years (1995-2015) daily discharge data over Europe. The Lisflood simulations produce 
regular 5 × 5 km2 gridded data, however, the low-flow index is computed only on the cells with at 
least a drainage area of 1,000 km2. Additionally, as explained in the previous section, only cells 
where at least 5 past events and a statistical significant fitting (according to the Kolmogorov-
Smirnov test at 0.05) were used, limiting the number of analysed cells to 20,217 (about 83% of the 
suitable river cells). 
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Figure 2. Example of the low-flow index map as shown in the EDO (http://edo.jrc.ec.europa.eu) system. The map 
displays the data for 21st December 2016 (i.e., 2nd 10-day period). The list of the affected rivers allows getting more 

information on each river segment, whereas the “select time” window allows easily changing the date to be visualized.  

The low-flow threshold, pooling procedure and fitted distribution have been optimized to obtain 
a fair balance between operational constraints and scientific requirements, as described more in 
depth in Cammalleri et al. (2016); the same authors analysed the performance of the index on past 
drought events, including a comparison with previously available drought indicators. Following this 
analysis, daily low-flow threshold maps, as well as the exponential λ parameter map, are obtained 
and successively adopted for the near-real time computation of the low-flow index. 

Low-flow index maps are uploaded in the EDO system about 2 days after the corresponding date 
(three times per month), and they can be visualized in the EDO system map viewer (Fig. 2). Even if 
the index is computed on 5-km cells, the data are visualized for river segments that match the CCM 
river network; the F(D) value at the valley cell of each segment is represented in the map, even if all 
the cell values of the segment can be also visualized if the map are zoomed-in at higher scale 
(> 1:1,250,000). Only the river segments affected by drought (F(D) > 0) are displayed in a yellow-
to-red colour scale, and the thickness of the river is displayed proportional to the corresponding 
river flow for the specific date. The entire river network can be displayed as well. 

4. CONCLUSIONS 

In this paper the implementation of a low-flow index for the monitoring of hydrological drought 
events within the European Drought Observatory (EDO) is fully described, including the theoretical 
framework at the basis of the development of the low-flow index, the river discharge dataset used 
for its operational near-real time implementation, and the web-based interface developed to 
visualize and inquire the data. 

The proposed low-flow index exploits daily-scale streamflow long-term records (between 1995 
and 2015) to define the upper boundary of the low-flow regime by means of 95th percentile 
threshold on a 31-day moving window. A drought event is defined as a persistent period of water 
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discharge below this threshold, and the severity of the event is evaluated accordingly to the 
cumulative distribution frequency following an exponential distribution. This approach allows 
avoiding the need of a pre-defined accumulation period (i.e., month), giving the possibility to 
capture the total severity of an event independently from its duration and occurring period. 

The dataset used for the operational implementation of the index is based on modelled discharge 
as produced by the Lisflood model; this permits to have a near-real time update of the EDO web 
portal and to keep consistency with EFAS (as well as other products available in EDO, such as the 
soil moisture indices also based on Lisflood outputs). 

An example of the map visualization tool is reported in this paper, showing how the EDO portal 
(http://edo.jrc.ec.europa.eu) allows a quick look at the spatial distribution of hydrological drought 
over Europe for a specific date, as well as to slide through the time-series of maps or zoom-in into a 
specific impacted area. The tactic to limit the approach to the major river segments only (discharge 
area > 1,000 km2) aims at providing a general overview of the drought conditions at continental to 
national scale, whereas regional/watershed monitoring systems can detail those information at 
higher spatial scales. 
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