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What is IMDROFLOOD 

The abbreviation IMDROFLOOD is given to the 

EU JPI Water project “Improving Drought and 

Flood Early Warning, Forecasting and 

Mitigation using real-time hydroclimatic 

indicators”, which implementation time is 

from July 2016 to June 2019. It has a number 

of scientific objectives 

 To obtain drought indices for different 

sectors useful for drought monitoring 

and early warning, using new 

monitoring networks, Doppler radars, 

and remote sensing data. 

 To develop drought vulnerability 

curves for natural and managed 

ecosystems. 

 To determine the role of vegetation 

type and density on modulating the 

severity of hydrological droughts and 

floods downstream. 

 To improve short and medium term 

meteorological probabilistic forecast 

of high precipitation events. 

 To integrate meteorological 

predictions with hydro-ecological 

rainfall-runoff and hydrodynamic 

models for better flood prediction and 

the analysis of the destructive 

capacity of floods. 

 To implement operative drought and 

flood early warning systems to 

establish risk thresholds and to help 

improve risk management. 

The project includes also some non-scientific 

objectives: to organize capacity building 

activities and to ensure dynamic interaction 

with stakeholders and end-users for building 

impact prediction tools for decision making; to 

specify interoperability standards to be used; 

to use information and methods from 

previous EC projects; to provide a channel for 

discussion and communication to meet local 

and regional requirements; to ensure 

dissemination of the project’s outcomes from 

the scientific and technical levels to the end-

user level and the general public and to raise 

awareness of tools developed in the project to 

the potential end-users. 

 

The project is organised into eight work 

packages: 

WP1: Management. 

WP2: Spatial and Temporal Data 

Infrastructure. This will support collecting, 

storing, visualizing, retrieving and 

disseminating all the required datasets to 

cover the requirements of other WPs. 

WP3: Development of drought indices for 

sectorial applications. The WP will develop 

drought indices from new sensors, networks 

and satellite imagery and to determine their 

usefulness to identify sectorial impacts at the 

basin scale. 

WP4: Short and medium term meteorological 

forecasting. To develop and validate 

probabilistic short and medium-term 

operative meteorological predictions. 

WP5: Integrated tool for flood prediction. 

Integrations of meteorological forecasting 

with calibrated hydro-ecologic and 

hydrodynamic models. 

WP6: Vegetation vulnerability and ecosystem 

services to reduce flood and drought risk. 

WP7: Drought and flood monitoring and early 

warning systems. Their expected outcomes 

constitute the main technological output of 

IMDROFLOOD. 
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WP8: Dissemination, capacity building and 

cross-thematic research. 

IMDROFLOOD joins scientists from six 

countries and nine institutions. The leading 

institution is the Spanish National Research 

Council and the project coordinator is Sergio 

Vicente-Serrano. Other institutions involved 

are University of Lisbon (group leader R. 

Trigo), University of Cape Town (C. Reason), 

National Meteorological Administration of 

Romania (R. Bojariu), University of Tartu from 

Estonia (J. Jaagus), Research Institute of Field 

Crops “Selectia” from Moldova (B. Boincean), 

MeteoGRID from Spain (J. Ribalaygua) and 

University of Vigo (L. Gimeno Presa). 
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IMDROFLOOD 3rd meeting and workshop 

The IMDROFLOOD third and final meeting 

with a workshop took place in Lisbon on 18-19 

June 2019 hosted by the team from the 

University of Lisbon. On the first day, the 

IMDROFLOOD International Workshop on 

Hydroclimatic Extremes and Impacts at 

Catchment to Regional Scales was held. All 

together 13 presentations were made while 

three speakers were invited. PowerPoint files 

of the presentations are available on the web 

site https://imdroflood.csic.es/imdroflood-

international-workshop/. The project 

coordinator Sergio Vicente-Serrano gave an 

overview of the project and presented main 

results of the project obtained by different 

workpackages.  

 

The coordinator Sergio Vicente-Serrano 

presenting the main results of the project. 

Jaak Jaagus talked about long-term changes in 

the drought indices (SPI and SPEI) in the 

Eastern Europe in 11 countries between the 

Baltic and the Black Seas. Mostly no trends 

were detected in the northern part of the 

region while statistically significant trends 

were found in the majority of stations in 

southern Poland and in the Czech Republic.  

Andreia Ribeiro demonstrated how to use 

copulas for analysing the joint probability of 

droughts and crop anomalies in major 

agricultural areas of the Iberian Peninsula in 

1986-2012.  

The invited speaker Emanuel Dutra from the 

University of Lisbon talked about seasonal 

forecasts of drought conditions. The 

prediction based on SPI and used long-term 

precipitation forecasts. Case studies were 

mostly related to the eastern Africa. 

 

Emanuel Dutra is presenting. 

Sorin Burcea presented the results of the 

study on the climatology of radar-derived 

convective storms in the Prut River basin in 

Romania and Moldova. A high interannual 

variability of frequency these events was 

detected caused mostly by extratropical 

cyclones crossing the Black Sea. 

Jaime Ribalaygua talked about improving local 

probabilistic forecast of extreme rainfall for 

hydrological modelling. The ECMWF forecasts 

were statistically downscaled using analogues. 

The use of radar information clearly improved 

predictions. 

Chris Reason gave an overview and analysis of 

extreme rainfall events over the Limpopo 

River basin in south-eastern Africa. The main 

heavy rainfall events are related to tropical 

cyclones and severe droughts to the main El 

Niño events. 
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Orlando García Feal made his presentation on 

a fully integrated tool to analyse flow-

structure interaction during flood events. Two 

models, Iber+ (for the simulation of free 

surface flows and transport processes for river 

basins and estuaries) and DualSPHysics (for 

discretising the fluid as a set of particles using 

the SPH method), and their coupling was 

introduced.  

The invited speaker José Vaquero from the 

University of Extremadura described extreme 

events in geosciences information of which 

have been extracted from historical 

documents. Case studies were taken from 

volcanology, climatology, geomorphology and 

solar-terrestrial physics. 

 

José Vaquero is presenting. 

Mait Sepp analysed changes in the statistics of 

spring high and summer low water in Estonian 

rivers. He concluded that due to climate 

warming the runoff maximum in spring has 

decreased and shifted earlier, therefore, the 

risk of spring floods has diminished. 

Alexandre Ramos discussed about the role of 

atmospheric rivers in the North and South 

Atlantic basins. Atmospheric rivers are long 

(~2000km), narrow (~850km), and transient 

corridors of strong horizontal water vapour 

transport that are typically associated with a 

low-level jet stream ahead of the cold front of 

an extratropical cyclone. A significant increase 

in the frequency of such events is projected 

for future due to the climate warming. 

 

Alexandre Ramos is presenting. 

Diego Fernández-Nóvoa presented an 

automatic early warning system of flood 

hazards based on precipitation forecast for 

north-western Spain.  

The invited speaker Pedro Matos Soares from 

the University of Lisbon talked about 

hydrological extremes in high resolution 

climate change scenarios obtained by the use 

of regional circulation models. Possible 

changes in precipitation as well as in 

maximum precipitation in Portugal and other 

regions in Europe were assessed. 

A poster session was also at the workshop. 

There were 11 poster presentations. 

 

Discussions at the poster session. 
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Dissemination actions made by the IDL (Institudo Dom Luiz) team 

from the University of Lisbon 

Dissemination Action 1: 

The IDL team was invited by the CLIMA 2018 - 

Congresso Nacional sobre Alterações 

Climáticas organizing committee to participate 

in the congress 

(https://www.climaaa.com/clima2018). This 

Congress has progressively assert itself as an 

event of reference in Portugal on the subject 

of climate change. Alongside the CNEA-

National Congress of Environmental 

Engineering who had in 2017 to your 

thirteenth Edition, the climate is one of the 

larger events organized by APEA, celebrating 

your 10th anniversary since your first edition 

held in 2008 at the University of Aveiro. This 

event was held at the University of Algarve, in 

Faro, November 22-23 2018.  

During the event, which had over 100 

participants, a summary presentation of IDL’s 

climate services was made, focusing on the 

main outcomes of the project IMDROFLOOD. 

IDL and project IMDROFLOOD were 

represented by Ana Russo. 

 

 

 

Presentation at the Congress at the University 

of Algarve in November 2018. 
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Dissemination Action 2: 

The IDL team was invited by the CLIMA 2018 - 

Congresso Internacional de Proteção civil dos 

Açores (First International Civil protection 

congress of Azores archipelago).  This 

Congress was devoted to show the challenges 

posing the civil protection of the Azores 

Islands particularly within the framework of 

climate change. This event was held at the 

Centro Cultural de Congressos, Angra do 

Heroísmo, Terceira, Azores, June 6-7,  2019.  

During the event, which had over 200 

participants, a summary presentation of IDL’s 

work on weather driven natural hazards was 

presented focusing on several outcomes of 

the project IMDROFLOOD. 

IDL and project IMDROFLOOD were 

represented by Ricardo Trigo. 

 

 

Panel discussion and Ricardo Trigo at the 

Congress. 
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Articles from the group of IPE (Instituto Pirenaico de Ecología) CSIC 

Vicente-Serrano, S. M., Azorin-Molina, C., 

Peña-Gallardo, M., Tomas-Burguera, M., 

Domínguez-Castro, F., Martín-Hernández, N., 

Beguería, S., El Kenawy, A., Noguera, I., and 

García, M.: A high-resolution spatial 

assessment of the impacts of drought 

variability on vegetation activity in Spain from 

1981 to 2015, Nat. Hazards Earth Syst. Sci., 19, 

1189-1213, https://doi.org/10.5194/nhess-19-

1189-2019, 2019 

Drought is a major driver of vegetation activity 

in Spain, with significant impacts on crop yield, 

forest growth, and the occurrence of forest 

fires. Nonetheless, the sensitivity of 

vegetation to drought conditions differs 

largely amongst vegetation types and 

climates. We used a high-resolution (1.1 km) 

spatial dataset of the normalized difference 

vegetation index (NDVI) for the whole of Spain 

spanning the period from 1981 to 2015, 

combined with a dataset of the standardized 

precipitation evapotranspiration index (SPEI) 

to assess the sensitivity of vegetation types to 

drought across Spain. Specifically, this study 

explores the drought timescales at which 

vegetation activity shows its highest response 

to drought severity at different moments of 

the year. Results demonstrate that – over 

large areas of Spain – vegetation activity is 

controlled largely by the interannual 

variability of drought. More than 90 % of the 

land areas exhibited statistically significant 

positive correlations between the NDVI and 

the SPEI during dry summers (JJA). 

Nevertheless, there are some considerable 

spatio-temporal variations, which can be 

linked to differences in land cover and aridity 

conditions. In comparison to other climatic 

regions across Spain, results indicate that 

vegetation types located in arid regions 

showed the strongest response to drought. 

Importantly, this study stresses that the 

timescale at which drought is assessed is a 

dominant factor in understanding the 

different responses of vegetation activity to 

drought. 

 

Figure. Spatial distribution of the Pearson’s r correlation coefficient calculated between the sNDVI and 

different SPEI timescales for different semi-monthly periods. 
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Domínguez-Castro, F., Vicente-Serrano, S. M., 

Tomás-Burguera, M., Peña-Gallardo, M., 

Beguería, S., El Kenawy, A., Luna, Y., and 

Morata, A.: High-spatial-resolution probability 

maps of drought duration and magnitude 

across Spain, Nat. Hazards Earth Syst. Sci., 19, 

611-628, https://doi.org/10.5194/nhess-19-

611-2019, 2019. 

Assessing the probability of occurrence of 

drought is important for improving current 

drought assessment, management and 

mitigation measures, and strategies across 

Spain. This study employed two well-

established drought indices, the Standardized 

Precipitation Index (SPI) and the Standardized 

Precipitation Evapotranspiration Index (SPEI), 

to characterize drought duration and 

magnitude at different timescales over Spain. 

In order to map the drought hazard 

probability, we applied the extreme value 

theory and tested different thresholds to 

generate peak-over-threshold (POT) drought 

duration and magnitude series. Our results 

demonstrate that the generalized Pareto (GP) 

distribution performs well in estimating the 

frequencies of drought magnitude and 

duration. Specifically, we found a good 

agreement between the observed and 

modelled data when using upper percentiles 

to generate the POT series. Spatially, our 

estimations suggest a higher probability of 

extreme drought events in southern and 

central Spain compared to the northern and 

eastern regions. Also, our study found spatial 

differences in drought probability estimations 

as a function of the selected drought index 

(i.e. SPI vs. SPEI) and timescale (i.e. 1, 3, 6, and 

12 months). Drought hazard probability maps 

can contribute to the better management of 

different sectors (e.g. agriculture, water 

resources management, urban water supply, 

and tourism) at national, regional, and even 

local scale in Spain. 

 

Figure. Spatial distribution of the maximum drought duration (in weeks) from the 1-, 3-, 6-, and 12-

month SPEI series in a period of 50 and 100 years.  
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Peña-Gallardo, M., Vicente-Serrano, S. M., 

Domínguez-Castro, F., and Beguería, S.: The 

impact of drought on the productivity of two 

rainfed crops in Spain, Nat. Hazards Earth Syst. 

Sci., 19, 1215-1234, 

https://doi.org/10.5194/nhess-19-1215-2019, 

2019. 

Drought events are of great importance in 

most Mediterranean climate regions because 

of the diverse and costly impacts they have in 

various economic sectors and on the 

environment. The effects of this natural 

hazard on rainfed crops are particularly 

evident. In this study the impacts of drought 

on two representative rainfed crops in Spain 

(wheat and barley) were assessed. As the 

agriculture sector is vulnerable to climate, it is 

especially important to identify the most 

appropriate tools for monitoring the impact of 

the weather on crops, and particularly the 

impact of drought. Drought indices are the 

most effective tool for that purpose. Various 

drought indices have been used to assess the 

influence of drought on crop yields in Spain, 

including the Standardized Precipitation 

Evapotranspiration Index (SPEI), the 

Standardized Precipitation Index (SPI), the 

Palmer drought indices (Palmer Drought 

Severity Index, PDSI; Palmer Z Index, Z Index; 

Palmer Hydrological Drought Index, PHDI; 

Palmer Modified Drought Index, PMDI), and 

the Standardized Palmer Drought Index (SPDI). 

Two sets of crop yield data at different spatial 

scales and temporal periods were used in the 

analysis. The results showed that drought 

indices calculated at different timescales (SPI, 

SPEI) most closely correlated with crop yield. 

The results also suggested that different 

patterns of yield response to drought occurred 

depending on the region, period of the year, 

and the drought timescale. The differing 

responses across the country were related to 

season and the magnitude of various climate 

variables. 

 

Figure. Spatial distribution of the highest correlation coefficients between the drought indices and the 

wheat (a) and barley (b) yields at the agricultural district scale, independently of the timescale. 
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Articles from the group of the University of Lisbon 

Russo A., Gouveia C.M., Dutra E., Soares 

P.M.M., Páscoa P., Trigo R.M. (2019) The 

synergy between drought and extremely hot 

summers in the Mediterranean. 

Environmental Research Letters, Volume 14, 

17 January 2019, 014011. doi:10.1088/1748-

9326/aaf09e 

Abstract: In the last years a large number of 

weather driven extreme events has occurred 

worldwide with unprecedented socio-

economic impacts and are expected to 

increase, in both frequency and intensity, 

under future global-warming conditions. In 

this context early identification and 

predictability of such events are paramount as 

they mostly affect several socio-economic 

activities. Despite the effort in monitoring and 

evaluation of these extreme events, a 

quantitative assessment of their interaction is 

still a challenge. We propose to analyze if the 

occurrence of extremely hot days/nights in 

the summer is preceded by drought events in 

spring and early summer throughout the 

Mediterranean area. This was investigated by 

correlating the number of hot days and nights 

in the regions hottest months with a drought 

indicator on the prior months. Drought 

characterization was performed using both 

the Standardized Precipitation Evaporation 

Index (SPEI) and the Standardized 

Precipitation Index (SPI) for the 3-, 6- and 9-

months time scales, considering the period 

1980–2014 with a spatial resolution of 0.5°. 

The number of hot days and nights per month 

(NHD and NHN, respectively) is determined for 

the same period and spatial resolution. 

Results show that the most frequent hottest 

months for the Mediterranean region occur in 

July and August. Most regions exhibit 

statistically significant negative correlations, 

i.e. high (low) NHD/NHN following negative 

(positive) SPEI/SPI values, and thus a potential 

for NHD/NHN early warning. This analysis 

allowed to identify the Iberian Peninsula, 

northern Italy, northern Africa and the Balkans 

as the main hotspots of predictability of 

extreme hot temperatures in the summer 

preceded by the occurrence of drought events 

in the spring or early summer.  
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Pedro M Sousa, Ross C Blamey, Chris J C 

Reason, Alexandre M Ramos, Ricardo M Trigo 

(2019). The 'Day Zero' Cape Town drought and 

the poleward migration of moisture corridors, 

Environmental Research Letters , Volume 13, 

Number 12 

Abstract: Since 2015 the greater Cape Town 

area (~3.7 million people) has been 

experiencing the worst drought of the last 

century. The combined effect of this 

prolonged dry period with an ever-growing 

demand for water culminated in the widely 

publicized 'Day Zero' water crisis. Here we 

show how: (i) consecutive significant 

decreases in rainfall during the last three 

winters led to the current water crisis; (ii) the 

2015–2017 record breaking drought was 

driven by a poleward shift of the Southern 

Hemisphere moisture corridor; (iii) a 

displacement of the jet-stream and South 

Atlantic storm-track has imposed significantly 

drier conditions to this region. Decreasing 

local rainfall trends are consistent with an 

expansion of the semi-permanent South 

Atlantic high pressure, and reflected in the 

prevalence of the positive phase of the 

Southern Annular Mode. Large-scale forcing 

mechanisms reveal the intensification and 

migration of subtropical anticyclones towards 

the mid-latitudes, highlighting the link 

between these circulation responses and the 

record warm years during 2015–2017 at the 

global scale. 
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Article on extreme rainfall in the Limpopo River basin 

Ramontsheng S. Rapolaki, Ross C. Blamey, 

Juliet C. Hermes, Chris J. C. Reason 

Abstract: In the last few decades, the Limpopo 

River Basin (LRB) has experienced a number of 

extreme rainfall events which were 

responsible for considerable socio-economic 

and environmental impacts. Most of the 

population here is poor and dependent on 

rain-fed agriculture. In order to better 

understand these events over the LRB, 

CHIRPS, 0.05° gridded rainfall data are used to 

identify the daily extreme events, analyse 

their interannual variability and examine 

relationships with large scale climate modes 

over the 1981–2016 period. Analysis of the 

top 20 events suggests a pattern with rainfall 

generally decreasing from the eastern to 

western parts of the basin. Typically, the 

highest rainfall amounts occur over the 

regions where there are steep topographical 

gradients between the mountainous regions 

of northeastern South Africa and the 

Mozambican floodplains. Almost half of the 

top 200 extreme events are associated with 

tropical extra-tropical cloud bands (48%), with 

tropical low pressure systems (28%), 

mesoscale convective systems (14%), and cut-

off lows (10%) in the mid-upper atmosphere, 

also making sizeable contributions. The 

monthly distribution of the events showed 

that most of the events occurred during the 

late summer months (January–March) when 

tropical lows and cloud bands are more 

common. On interannual time-scales, most of 

the summers with above average number of 

events coincide with La Niña conditions and, 

to lesser extent, a positive subtropical South 

Indian Ocean Dipole. 

 

 

 

 

 

Fig. 6 (a) The number of the top 200 extreme 

precipitation events during each extended 

summer (JFMA), and the corresponding (b) 

standardized rainfall anomalies, (c) SIOD 

index, (d) Niño 3.4 index, and e SAM index. The 

dashed line in panel (a) denotes the austral 

summer mean of the number of events. Red, 

blue and black bars in panel d denote El Niño, 

La Niña, and neutral phases of ENSO 

respectively. The y-axis range differs between 

subplots. 
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Study on long-term changes in drought indices in Eastern Europe 

Within the IMDROFLOOD project, a study on 

long-term changes in drought indices has been 

carried out. The objective was to analyse 

trends in SPI and SPEI in Eastern Europe in the 

meridional belt from the Baltic to the Black 

Seas. It is a region with a transient climate 

from meridional to continental conditions, 

which is vulnerable for climate changes. Air 

masses of different origin cause weather 

conditions very variable.  

Jaak Jaagus has invited many colleagues to 

join this initiative. Climatologists from 11 

countries have provided meteorological data 

from a large amount of stations. The study 

period was chosen 1949-2018. SPI1, SPI3, 

SPI6, SPEI1, SPEI3 and SPEI6 were calculated 

while potential evapotranspiration was found 

using the Penman as well as the Hargreaves 

method. Monthly precipitation, mean wind 

speed, relative humidity, solar radiation, sea-

level pressure, and monthly mean daily 

maximum and minimum temperatures were 

used as initial data. Up to now the following 

amount of stations have been analysed: 

Estonia – 14 stations (7 with the Penman 

method), Lithuania – 15 stations (4 with the 

Penman method), Belarus –: 13 stations (8 

with the Penman method), Ukraine – 8 

stations (obtained from the ECAD dataset), 

Moldova – 5 stations, Poland – 36 stations (11 

with the Penman method), Czech Republic – 

12 stations (all with the Penman method), and 

Latvia – 13 stations (4 with the Penman 

method). 

Preliminary results show that, generally, there 

are no large changes in SPI and SPEI. In the 

northern part of the region (Estonia, Latvia) 

upward trends during the cold half-year and in 

June revealed. Weak drying tendency is 

evident in April and September. In Lithuania, 

similar trends were detected in winter but not 

in June while an increase was found in some 

stations in July. 

Upward trends in winter and downward 

tendency in April, May and August revealed in 

some stations in Belarus. It was typical that 

the increase appeared in northern and 

decrease in southern Belarus. 

In Ukraine, few significant trends were 

detected. Downward tendency, i.e. drying is 

prevailing in July and especially in August. 

Same pattern is evident also in Moldova. 

Large variety of trends in drought indices was 

obtained during trend analysis of time series 

of SPI and SPEI in Poland. Mostly upward 

trends were detected in March, and 

downward trends in April and August. 

Prevailing of moistening tendencies in 

Northern Poland (Elblag, Bialystok, Olsztyn) 

and of drying tendencies in Southern Poland 

(Legnica, Opole, Bielsko Biala) was found. 

Different trends appeared in the mountains 

(Sniezka, Zakopane, Kasprowy Wierch). 

Drying tendencies have dominated in the 

Czech Republic from April till August, 

especially in the cases of SPI3, SPI6, SPEI3 and 

SPEI 6. There have been the strongest 

negative trends in the study region, like in 

southern Poland. 

It can be concluded that stronger negative 

trends revealed in the case of SPEI than SPI. 
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SPI1 in Ristna (Estonia) in June 

 

SPEI1 (Hargreaves) in Kybartai (Lithuania) in 

April 

 

SPEI1 (Hargreaves) in Polesskaya and Vitebsk 

in August 

 

SPEI3 in Legnica (southern Poland) for June 

 

SPEI3 (Penman) in Bialystok and Sniezka for 

August 

 

SPEI3 (Penman) for September in Hradec 

Kralove (Czech Republic) 

 

  



 16 
 

Contact us 

Project web page: imdroflood.csic.es 

Project coordinator: Sergio M. Vicente-Serrano, Instituto Pirenaico de Ecología, Consejo Superior de 

Investigaciones Científicas 

Avda Montañana 1005, 50059 Zaragoza, Spain 

Tel: +34 976369393 (ext. 880053) 

E-mail: svicen@ipe.csic.es 


