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1. INTRODUCTION 

 
The world is affected by continuous changes, stressing environment and ecosystems. Climatic and 

societal changes put pressure to the entire water cycle. Although recent research findings do not allow 

to determine climate-driven changes in the magnitude, extent and frequency of floods (Bates et al., 

2008) and droughts (Hisdal et al., 2001) during the last decades, it is likely that climate may imply future 

changes in these trends. Studies based on future scenarios suggest increased flood hazard in Europe 

(Dankers and Feyen, 2009). Nevertheless, flood risk has increased over recent decades, and so the 

damage trend. Increased flood risk and losses in recent decades have been attributed mostly to 

increasing exposure and vulnerability (Barredo, 2009; Barredo et al., 2012; Bouwer, 2010; Field, 2012). 

The evidence shows that societal change and economic development are the principal factors 

responsible for increasing flood risk.  

Similarly, recent studies based on long term climate projections suggest that future streamflow 

droughts in Europe are likely to become more severe and persistent, particularly in the southern 

regions, where water resources are limited (Forzieri et al., 2014). The latest reports of the 

Intergovernmental Panel on Climate Change (IPCC) show high confidence on the warming of the Earth 

surface and atmosphere occurred in the past decades, and a statistically significant linear relation 

between the CO2 concentration in the atmosphere and the global temperature rise (Stocker et al., 

2013). In addition, projections on future climate at global (Taylor et al., 2012) and European (Jacob et 

al., 2014) scale suggest that by the end of the century the average warming compared to pre-industrial 

levels is likely to exceed the +4 degrees C. This situation highlights the relevance of flood risk and water 

resources management practices because it is in the socio-economic domain where most of the actions 

can be implemented. 

Observational datasets play a key role in the climate science. The quality of the observations has a 

twofold significance, as it is used both in the validation of the model output and the impact assessment 

as the causative factor. Recent studies (Gómez-Navarro et al., 2012; Sunyer et al., 2013) have shown 

the importance of the observational data quality in climate model performance assessment. An 

important source of uncertainty in the observations is discussed by Cowtan and Way (2014), that 

attribute the so – called global warming hiatus to the coverage bias in the HadCRUT4 data observations 

over Arctic region, while the CMIP5 models better fit the coverage corrected observations (Huber and 

Knutti, 2014). Observational datasets are also used as boundary conditions to models. Biases in 

observed data may affect the simulation results. An indicative example is the underestimation of long-

term upper-ocean warming (Durack et al., 2014) attributed to the poor sampling of the Southern 

Hemisphere, and limitations of the analysis methods that conservatively estimate temperature 

changes in data-sparse regions. Therefore, the observational datasets should be used with full 

awareness of the underlying limitations and associated uncertainties related to their construction. The 

development and implementation of several earth observation satellite programmes like GEOSS 

(Lautenbacher, 2006) is contributing to the evolution of earth sciences by a wealth of observations. 

The satellite based observational measurements are expected to play critical role in the monitoring 

and understanding the Earth’s climate system. However, the rate of which new satellite based 
products are developed can be hardly assimilated from the modelling community.  

This first deliverable of the WorkPackage7 (WP7) is meant to provide a review of available datasets 

that can be used in subsequent works to validate and assess the quality of different climate and 
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biophysical impact models. The document also includes some examples of extreme events which took 

place in Europe in the past three decades, while the final chapter lists a range of possible adaptation 

strategies to mitigate the effect of natural hazards, particularly in view of possible future climatic 

changes. 
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2. EXISTING CLIMATE AND IMPACT DATA 

 

The existing climate and impact data are separated into three categories: meteorological, land surface 

and supplementary datasets. In the first group the variables, fluxes or attributes that refer to various 

levels of the atmosphere are included. Each dataset may include one or more parameters. Figure 1 is 

a schematic representation of the available meteorological datasets for precipitation and temperature 

parameters, illustrating their temporal coverage and the timing of the five selected extreme events 

over Europe. All selected events, although some of them are very recent, are covered by an adequate 

number of datasets that can support impact modeling and validation. 

 

Figure 1: Overview of meteorological datasets for precipitation and temperature parameters, temporal extend 

and timing of selected example extreme event over Europe. 

A brief description is provided for each dataset, while technical details and links about the datasets 

separated by variable name is provided in corresponding tables. The existing climate data are 

categorized according to the level of spatial or temporal filling to the observations that consist from 

instrumentally measured data and the reanalysis data that result from the assimilation of the 

observational data using a single consistent assimilation scheme. Reanalysis techniques are extensively 

used to produce physically coherent spatially and temporally complete earth system information. 

Reanalysis can combine different sources of irregularly distributed in space observations with the 

spatially complete, but usually biased models, using methods and procedures that are technically and 

scientifically complex. Limitations can usually occur from lack or inaccuracy of observed information. 

Moreover the quantification of the reanalysis uncertainty is rather difficult due to the many factors 

affecting it such as the level of the parameter constraint due to observations, the spatial and temporal 

distribution of the observations and the skill of the assimilation scheme in extrapolating and predicting 

it (Dee et al., 2014).  
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Annual time series of Pan European spatially averaged (extent: Lat 30-75, Lon -10 to 40)1 precipitation 

and temperature are presented in Figure 2.  

 

Figure 2: Timeseries of average annual (a) precipitation and (b) temperature over Europe [Lat 30-75, Lon 10-40] 

for some of the listed meteorological datasets. Correlation matrices of meteorological datasets for (c) 

precipitation and (d) temperature and the corresponding long term 1980-2010 average. 

                                               
1 TRMM (Lat 30-50) and PERSIANN (Lat 30-60) dataset have reduced coverage over North 



Project No 603864 
 

9 

 

The correlation between the datasets is also presented in the same figure as well as the long term 

average of the 1980 – 2010 period. It is obvious that some datasets, for example GPCC, PGFv2 and CRU 

for precipitation are very similar, probably sharing a common basis. The same applies for temperature 

as WFDEI, WFD, GSWP3 and CRU average annual values are almost identical. PGMFSv2 is also in 

correspondence with the aforementioned only after 1950. Depending on the observational dataset 

the long term 1980-2010 average temperature of European land ranges from 10.0oC to 11.9oC, while 

precipitation varies from 584mm to 701mm.  

The need to understand and model our natural environment lead to increasing observational needs 

and thus the construction of more and more advanced datasets. This abundance of datasets gives a 

wide range of potential historical fields of temperature and precipitation (as well as other variables) 

and reinforces the importance that should be given when using them. 

2.1. METEOROLOGICAL DATASETS 

2.1.1. Tropical Rainfall Measuring Mission (TRMM)  
The Tropical Rainfall Measuring Mission (TRMM) is a joint mission between NASA and the Japan 

Aerospace Exploration Agency (JAXA) designed to measure rainfall for weather and climate research. 

The mission was designed to provide information for the distribution and the variability of precipitation 

within the tropics as part of the water cycle in the current climate system. A series of quasi-global, 

near-real-time, TRMM-based precipitation estimates is available to the research community. The 

estimates are provided on global scale in the latitude band 50° N-S in a 0.25° x 0.25° grid. Key 

advantages of TRMM dataset is the high resolution in space and time. However it is found to 

underestimate the precipitation in regions of intense convection over land, while it does not provide 

global coverage due to high errors in higher latitudes (Pendergrass, 2014). 

2.1.2. Global Precipitation Climatology Project (GPCP)  

The Global Precipitation Climatology Project (GPCP) monthly precipitation dataset, from 1979 to 

present, combines observations and satellite precipitation data into 2.5°x2.5° global gridded product. 

The data are available in monthly means. Moreover the GPCP 1 Degree Daily (1DD) precipitation 

dataset provides daily rainfall accumulation globally on a one-degree grid in latitude and longitude 

starting in October 1996 and continuing through the present (with some delay for processing).  It relies 

on the GPCP monthly product for the total monthly rainfall, and uses primarily geostationary infrared 

satellite imagery to determine daily rainfall rates. The key strengths of GPCP 1DD are that it is a global, 

relatively high resolution in both time and space gridded record of precipitation.  The key limitation of 

this dataset is the indirect and complex nature of translating sparse satellite precipitation 

measurements into high-resolution gridded precipitation estimates. Some critics regarding the GPCP 

is that it misses many light rain events (Behrangi et al 2012, 2014). Climatological distribution, 

frequency and intensity of GPCP rainfall can be found in Allan et al. (2013) and Pendergrass and 

Hartmann (2014).  

2.1.3. Precipitation Estimation from Remotely Sensed Information using Artificial 

Neural Networks (PERSIANN) 

PERSIANN, "Precipitation Estimation from Remotely Sensed Information using Artificial Neural 

Networks" (Kou-lin et al., 1997; Sorooshian et al., 2000) is a high resolution satellite-based 

precipitation retrieval. The algorithm uses near real time infrared satellite data of cloud top 

temperature to provide precipitation rates. The precipitation estimates are then calibrated using 
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satellite microwave data available from low Earth orbit satellites (e.g., Tropical Rainfall Measuring 

Mission Microwave Imager, Special Sensor Microwave Imager, Advanced Microwave Scanning 

Radiometer‐Earth observing system). The calibration technique relies on an adaptive training 

algorithm that updates the retrieval parameters when microwave observations become available 

(approximately at 3 hour intervals). Moreover, monthly GPCP precipitation data is then used to correct 

the bias in the daily rainfall amounts such that the adjusted daily PERSIANN is consistent to the GPCP 

rainfall at monthly scale. The PERSIANN satellite precipitation data sets have been validated with 

ground-based observations and other satellite data products (AghaKouchak et al., 2000; Mehran et al., 

2011; Sapiano and Arkin, 2009). The PERSIANN precipitation estimations are available from 1979 to 

present. A key strength of the PERSIANN dataset is the high resolution and the high time frequency of 

the data. A potential limitation is the reduced global coverage between 60oN to 60oS, while several 

other datasets provide full global 90oN to 90oS. 

2.1.4. Climate Research Unit Timeseries (CRU-TS v3.22)  

The Climatic Research Unit Timeseries (CRU-TS) consists of a set of climate variables in monthly time 

step and at 0.5°x0.5° spatial resolution. The available variables are precipitation, daily maximum and 

minimum temperatures, cloud cover, cloud properties and potential evapotranspiration, covering the 

earth overland between 1901 and 2013. The dataset compiles homogenized records from the analysis 

of over 4000 individual weather stations primarily from the CLIMAT network. Currently the CRU TS3.22 

is the latest version released. While CRU-TS compiles station data of multiple variables from numerous 

data sources into a consistent format that are used to compute variables such as potential 

evapotranspiration, diurnal temperature range, and number of frost and rain days, the main 

disadvantages refer to its non-strict homogenization and the substantially smaller number of stations 

that it uses compared to GPCC. 

2.1.5. The Global Soil Wetness Project (GSWP-3) 

The GSWP-3 database is a further development of GSWP-2 which provides, among other climate 

variables, rain and snowfall rates, net long and short wave radiation. In its previous version, the GSWP 

has been created by combining observational and reanalysis datasets. Corrections to the systematic 

bias in the reanalysis fields have been made by hybridization of the 3-hourly analysis with global 

observationally based gridded datasets at a lower temporal resolution. This means that the 

atmospheric forcing data uses information from global gridded observational datasets when possible. 

In some cases, no adequate global observational data exist, so a pure model reanalysis product is used.  

Basically, GSWP-3 applies global dynamical downscaling and bias correction to the 20 Century 

Reanalysis (20CR) data with the use of CRU observations for 2-meter fields and radiation correction 

using the GEWEX Surface Radiation Budget product. The 2° resolution 20CR are dynamically 

downscaled to a T248 (~0.5°) grid using spectral nudging with vertically weighted damping. This 

efficiently removes known artefacts and adds high frequency signals to the low frequency signal of 

20CR (GEWEX Newsletter November 2013). Further details on the global dynamical downscaling 

method are given by Yoshimura and Kanamitsu (2008; 2013). 

2.1.6. ECMWF 40-year Reanalysis (ERA-40) 

ERA-40 is a global ECMWF re-analysis of the atmosphere and surface conditions that spans over a 

period of 45-years between 1957 and 2002. It is the first reanalysis to directly assimilate satellite 

radiance data (TOVS, SSM/I, ERS and ATOVS). The ERA-40 was produced using a June 2001 version of 

the ECMWF Integrated Forecast Model (IFS Cy28r3). The spectral resolution is T159 (about 125 km) and 
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there are 60 vertical levels, with the model top at 0.1 hPa (about 64 km). Observations were assimilated 

using a 6-hourly 3D variational analysis (3D-Var). Satellite data used include Vertical Temperature 

Profile Radiometer radiances starting in 1972, followed by TOVS, SSM/I, ERS and ATOVS data. Cloud 

Motion Winds are used from 1979 onwards. Various data from past field experiments were used, such 

as the 1974 Atlantic Tropical Experiment of the Global Atmospheric Research Program, GATE, 1979 

FGGE, 1982 Alpine Experiment, ALPEX and 1992-1993 TOGA-COARE. Available variables are Air 

Temperature, Geopotential Height, Water Vapor in 2.5°x2.5° and 1.125°x1.125° grids, and 60 vertical 

levels with 0.1 hPA top. ERA-40 is currently considered obsolete, unless it is used to compare previous 

ERA-40 based results. Recommended successors are the 3rd generation reanalysis, ERA-

Interim or MERRA. 

2.1.7. ECMWF Interim Reanalysis (ERA-Interim): 1979-present 

ERA-Interim (Dee et al., 2011) was originally planned as an 'interim' reanalysis between ERA-40 and 

the next-generation extended reanalysis. ERA-Interim uses a December 2006 version of the 

ECMWF Integrated Forecast System (IFS Cy31r2). Several of the inaccuracies exhibited by ERA-40 were 

eliminated or significantly reduced. ERA - Interim originally covered dates from 1 Jan 1989 onwards 

but an additional decade, from 1 January 1979, was subsequently added. ERA-Interim is being 

continued in quasi real time. The spectral resolution is T255 (0.75°x0.75°) with 60 vertical levels, 0.1 

hPa (about 64 km) top of atmosphere. The data assimilation is based on a 12-hourly four-dimensional 

variational analysis (4D-Var) with adaptive estimation of biases in satellite radiance data (VarBC). With 

some exceptions, ERA-Interim uses input observations prepared for ERA-40 until 2002, and data from 

ECMWF's operational archive thereafter.  The basic advantages of the dataset are the spatial 

completeness and the wide range of variables that it offers. However, it overestimates the water cycle 

over the oceanic surface. Moreover it overestimates the temperature in the arctic comparing to 

instrumentally measured data. 

2.1.8. Japan Reanalysis - JRA 
The Japan Meteorological Agency offer a long-term global atmospheric reanalysis based on the 

Observational data collected from the Japan Meteorological Agency archives and other organizations 

such as the European Centre for Medium-Range Weather Forecasts (ECMWF), the National Center for 

Environmental Prediction (NCEP), the National Center for Atmospheric Research (NCAR) and the 

National Climatic Data Center (NCDC). Sets of observational data were also supplied by universities in 

Japan. There are currently two reanalyses available, the Japanese 25-year Reanalysis (JRA-25) (Onogi 

et al., 2007)  and its successor, the Japanese 55-year Reanalysis (JRA-55) (Ebita et al., 2011) that offer 

data for the periods 1979 to 2004 and 1958 to 2012 respectively, along with a number of 

improvements such as advanced data assimilation scheme (from 3D-Var to 4D-Var), increase in the 

spatial resolution reduction in the radiance bias and changes in the simulated physical processes. 

JMA also offers the near real-time basis using the same data assimilation system as used for JRA-25, 

called the JMA Climate Data Assimilation System (JCDAS), which is based on the JRA-25 system. The 

resolution of JRA-55 is 0.5625 x 0.5625 degrees and 60 vertical levels with 0.1 hPa top, covering the 

entire globe. 

2.1.9. Modern Era Retrospective-Analysis for Research and Applications (MERRA)  
Besides ERA40 and ERA-Interim reanalysis, the Modern Era Retrospective-Analysis for Research and 

Applications (MERRA) was undertaken by NASA’s Global Modeling and Assimilation Office. The main 
objectives of the reanalysis initiative are to place observations from NASA’s Earth Observing System 
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satellites into a climate context and to improve upon the hydrologic cycle represented in earlier 

generations of reanalysis. MERRA was generated with version 5.2.0 of the Goddard Earth Observing 

System (GEOS) atmospheric model and data assimilation system (DAS), and covers the modern satellite 

era from 1979 to the present. The horizontal analysis is 0.5° x 0.667° with 72 vertical levels with 0.01 

hPA top. Specifically, the GEOS-DAS Version 5 implements Incremental Analysis Updates (IAU) to 

slowly adjust the model states toward the observed state. The MERRA system is documented in 

Rienecker et al. (2008). The MERRA dataset provides several improvements such as significant 

reduction in precipitation error and water vapor climatology over its predecessors. Available variables 

are Air Temperature, Geopotential Height, Precipitable water, Water Vapor. 

2.1.10. Arctic System Reanalysis (ASR): 2000-2011 
Global reanalyses encounter many problems at high latitudes. To overcome this void the Arctic System 

Reanalysis (ASR) is dedicated to provide a high resolution reanalysis for the arctic region for the period 

2000 to 2010 for the atmosphere-sea ice-land surface system of the Arctic (Bromwich et al., 2008) 

using the WRFDA-3DVAR model. The temporal resolution is 3 hours. Currently there are two versions 

of ASR available, one at 10km and one at 30km horizontal resolution. It assimilates data obtained from 

more than 12000 stations of National Climatic Data Center (NCDC) and Greenland Climate Network 

(GC-NET). The key strengths of the dataset is the high resolution and the data assimilation framework 

for the Arctic region, and the wealth of variables that it offers (wind Speed, 2m temperature, 2m Dew 

point, Pressure, Sea ice variables). The major  modifications for Polar WRF are the Optimal turbulence 

(boundary layer) parameterization, the implementation of fractional sea ice  as well as variable 

thickness of sea ice and snow cover on sea ice in the Noah LSM and the improved treatment of heat 

transfer for ice sheets and revised surface energy balance calculation in the Noah LSM. Evaluation of 

the ASR data assimilation results show significant improvement of the 2m-temperature warm bias over 

Greenland comparing to the respective ERA-Interim temperature. 

2.1.11. NCEP/NCAR Reanalysis I: 1948-present 
The NCEP/NCAR Reanalysis 1 project consists an analysis/forecast initiative to serve for data 

assimilation 1948 to the present. This reanalysis was the first of its kind for NOAA. NCEP used the same 

climate model that was initialized with a wide variety of weather observations: ships, planes, RAOBS, 

station data, satellite observations and many more. By using the same model, scientists can examine 

climate/weather statistics and dynamic processes without the complication that model changes can 

cause. The dataset is kept up to date using near real-time observations. The assimilated data are 

provided by Climate Prediction Center (CPC), National Centers for Environmental Prediction (NCEP), 

National Weather Service (NWS), NOAA and U.S. Department of Commerce (DOC). A large subset of 

this data is available from PSD in its original 6-hourly format and as daily averages. The spatial 

resolution of the dataset is T62 (209 km). NCEP/NCAR reanalysis offers over 80 different variables  

(including geopotential height, temperature, Dew Point Temperature, relative humidity, U and V wind 

components, Precipitable Water, etc.) in global scale on 2.5x2.5 degree grids, 28 sigma level stack on 

192x94 Gaussian grids, and 11 isentropic level stack on 2.5x2.5 degree grid. More information about 

NCEP\NCAR can be found in Kistler et al., (2001) and Kalnay et al., (1996). 

2.1.12. NCEP/DOE Reanalysis II: 1979-near present 
NCEP consists an improved version of the first reanalysis project NCEP/NCAR R1. The improvements 

implemented in this version are mainly related to better physics parameterization and improvements 

in assimilation errors. However, NCEP/DOA is considered an update of the 'first generation' reanalysis 
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product. The remained disadvantages of the dataset are summarized to the low spatial and temporal 

moisture variability over oceans and the poor representation of the Southern Hemisphere. The 3rd 

generation reanalyses, ERA-Interim and MERRA are generally preferred. The NCEP/DOA offers Air 

Temperature, Geopotential Height, Precipitable water and other variables for the period 

1979/01 to 2012/12 in 2.5°x2.5° spatial resolution. More information can be found in Kanamitsu et al., 

(2002). 

2.1.13. NCEP Climate Forecast System Reanalysis (CFSR): 1979-present 
The CFSR is a third generation NCEP global, high resolution, coupled atmosphere-ocean-land surface-

sea ice reanalysis product. The CFSR includes atmosphere – ocean coupling, an interactive sea-ice 

model, and satellite radiances data assimilation. The global land surface model has 4 soil levels and the 

global sea ice model has 3 levels. The CFSR atmospheric model contains observed variations in carbon 

dioxide (CO2), together with changes in aerosols and other trace gases and solar variations.  It offers 

global high resolution reanalysis products of Air Temperature, Geopotential Height, Precipitable 

water, Humidity, Sea Surface Height Precipitable Water Dew Point Temperature and other, for 1979 

to 2009. Different spatial resolutions are available, from 0.5°x 0.5° to 2.5°x2.5° grids and to as high as 

hourly time step. The assimilated data are provided by the Climate Prediction Center (CPC), National 

Centers for Environmental Prediction (NCEP), National Weather Service (NWS), NOAA and U.S. 

Department of Commerce (DOC). The current CFSR will be extended as an operational, real time 

product into the future. The CFSR offers a superior to previous NCEP reanalyses with respect to 

improved model, finer resolution, advanced assimilation schemes, atmosphere-land-ocean-sea ice 

coupling, assimilates satellite radiances rather than retrievals, while it also accounts for changing CO2 

and other trace gasses, aerosols, and solar variations (NCAR, 2013). More information can be found in 

Suranjana et al., (2010). 

2.1.14. NOAA-CIRES 20th Century Reanalysis V2 (20CR): 1871-2012 

The Twentieth Century Reanalysis Project (Compo et al., 2009) is an initiative supported by the NOAA’s 
Earth System Research Laboratory Physical Sciences Division and the University of Colorado CIRES 

Climate Diagnostics Center. It comprises an effort to produce a global reanalysis dataset spanning from 

the mid nineteenth century (1869) to near present (2012). It assimilates only surface observations of 

synoptic pressure, monthly sea surface temperature and sea ice distribution, to produce a set of 

atmospheric and terrestrial variables including minimum, maximum and mean air temperature, 

Evapotranspiration, Humidity, Longwave Radiation Precipitable Water, vegetation Cover and other. 

The spatial resolution is 2o x 2o, covering the entire globe.  

2.1.15. Global Meteorological Forcing Dataset (PGMFD v.2) 
This dataset provides a 50-year globally-consistent gridded data, at a 1° resolution, of near-surface air 

temperature, pressure, humidity and wind speed, along with downward shortwave and longwave 

radiation values. The dataset builds on a combination of a suite of global observation-based datasets 

with the NCEP/NCAR reanalysis. Realization that biases in the reanalysis of precipitation and near-

surface meteorology exert an erroneous effect on modeled land surface water and energy budgets has 

led to implement corrections, by using observation-based datasets of precipitation, air temperature 

and radiation. Similarly, corrections have been applied to the rain day statistics of the reanalysis 

precipitation in order to filter out spurious wave-like patterns in high-latitude wintertime. Wind-

induced undercatch of solid precipitation is removed using the results from the World Meteorological 

Organization (WMO) Solid Precipitation Measurement Intercomparison. Precipitation is disaggregated 

https://climatedataguide.ucar.edu/variables/atmosphere/air-temperature
https://climatedataguide.ucar.edu/variables/atmosphere/air-temperature
https://climatedataguide.ucar.edu/variables/atmosphere/geopotential-height
https://climatedataguide.ucar.edu/variables/atmosphere/precipitable-water
https://climatedataguide.ucar.edu/variables/atmosphere/air-temperature
https://climatedataguide.ucar.edu/variables/atmosphere/geopotential-height
https://climatedataguide.ucar.edu/variables/atmosphere/precipitable-water
https://climatedataguide.ucar.edu/variables/atmosphere/precipitable-water
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fhydrology.princeton.edu%2Fdata.pgf.php&ei=PAwpVID6Eav_ygPUvICIAw&usg=AFQjCNGK9JE0gWXwXa1v3cgtg31YFi5iEQ&bvm=bv.76247554,d.bGQ
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in space to 1.0 degree by statistical downscaling using relationships developed with the Global 

Precipitation Climatology Project (GPCP) daily product. Time disaggregation from daily to 3-hourly is 

accomplished similarly, using the Tropical Rainfall Measuring Mission (TRMM) 3-hourly real-time 

dataset. Other meteorological variables (downward short- and long-wave radiation, specific humidity, 

surface air pressure and wind speed) are downscaled in space with account for changes in elevation. 

The dataset is evaluated against the bias-corrected forcing dataset of the second Global Soil Wetness 

Project (GSWP-2). Current experimental versions include a 1901-2008 version, real-time updates, 

higher resolution versions at 0.25° and 0.5° and future climate projections based on bias-corrected 

climate model output.  Further detailed information can be found in Sheffield et al. (2006).  

2.1.16. WATCH FORCING DATA (WFD) 
The Watch Forcing Data – WFD (Weedon et al., 2010) is derived from the ERA-40 (Uppala et al., 2005) 

reanalysis product via sequential interpolation to 0.5ox0.5o resolution, elevation correction and 

monthly-scale adjustments based on Climate Research Unit gridded station observations (CRU_TS2.1). 

The WFD data cover the period between 1958 and 2001 inclusive, while a different methodology was 

applied (randomly re-ordered ERA-40) to extend the WFD dataset back to 1901. The key steps in the 

creation of the WFD for 1958 to 2001 are described in Weedon et al., (2010). Initially bilinear 

interpolation is applied to the ERA - 40 in order to meet the CRU dataset spatial resolution of 0.5o grid. 

Then an elevation corrections applied to certain variables to account for differences in surface heights 

between the one- and half-degree grids. Finally, adjustment of certain variables is performed at the 

monthly scale via the CRU TS2.1 observations. Specific sequence of variables correction is followed to 

retain the consistency between variables. The WFD dataset accounts for 67420 half-degree resolution 

land points for entire globe (excluding Antarctica). The WFD offers 2m air temperature, 10m surface 

pressure, 2m specific humidity,  10m wind speed, Downwards long-wave radiation flux, Downwards 

short-wave radiation flux, Rainfall rate GPCC bias corrected, Snowfall rate GPCC bias corrected, Rainfall 

rate CRU bias corrected, and Snowfall rate CRU bias corrected.  

2.1.17. WATCH Forcing Data methodology applied to ERA-Interim data (WFDEI) 

The WFDEI meteorological forcing dataset has been created following the same methodology as the 

WATCH Forcing Data (WFD), by making use of the ERA-Interim reanalysis data. It includes 10m wind 

speed, 2m temperature, surface pressure, 2m specific humidity, longwave and shortwave downward 

radiation fluxes and rain and snow fall rates. The database covers the 1901–2012 period, at a 0.5° grid 

resolution. The WFD precipitation compares favorably with TRMM satellite products and precipitation 

gauge data. Three hourly time series of land surface variables, are created via an appropriate 

combination of data from forecasts, by attending to proximity in time to initial conditions and 

avoidance of spin-up effects for clouds. Temperature, specific humidity, wind speed and surface 

pressure are extracted from the range closest to the analysis time. For the downward fluxes of 

radiation and precipitation —affected by spin-up— the fields are stored as accumulations starting from 

the analysis times. The three hourly surface fluxes are thus extracted as differences between 

successive forecasts. Moreover, sequential elevation correction and monthly bias correction methods 

were applied to the regridded data. While corrections for orographic effects on precipitation are 

possible in principle, such corrections were not feasible for the WFDEI.  Notwithstanding this fact, the 

dataset is considered as suitable for modeling hydrological impacts in large catchments, as the bias 

correction preserves the spatial continuity of ‘‘large-scale’’ or frontal precipitation events spanning 
multiple half-degree grid boxes. For more detailed information the reader is referred to the article by 

Weedon et al. (2014). 
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2.1.18. European Climate Assessment and Dataset (E-OBS) 
E-OBS is a pure observation based dataset that does not involve any kind of assimilation other than 

simple spatial interpolation. E-OBS gridded dataset is derived through interpolation of 2316 station 

data. It was originally been developed and updated as parts of the ENSEMBLES (EU-FP6) 

and EURO4M (EU-FP7) projects. Currently it is maintained and elaborated as part of the UERRA project 

(EU-FP7). Description of the station data can be found in Klok and Klein Tank (2008). The E-OBS 

database contains precipitation, sea level pressure, minimum, maximum and average daily 

temperature data in daily time step for the 1950 to 2013 period, while it is updated frequently. These 

data are available in grids of 0.25 and 0.5 degrees regular grid and 0.22 and 0.44 rotated polar grid. A 

number of other parameters are also available, in station level, such as sunshine duration, wind speed 

and cloud cover. Recently, the E-OBS 10.0 was released. Information regarding the interpolation 

methods can be found in ATBD (2013). Description and information relative to the data homogeneity 

of precipitation data can be found in Hofstra et al. (2009), and for temperature data in van der Schrier 

et al. (2013). The key strengths of E-OBS is that it has been widely used in climate change impact studies 

while it is regularly updated with more data and stations to be added to the analysis. However it has 

been found in studies (Sunyer et al., 2013; Hofstra et al., 2009, 2010) that the sparse station 

distribution in some regions lead to an over-smoothing of precipitation intensities, and especially of 

extreme events. 

2.1.19. Network of regional networks (FLUXNET) 

FLUXNET is network of regional networks that coordinates regional and global analysis of observations 

from 683 micrometeorological tower sites. The flux tower sites use eddy covariance methods to 

measure the exchanges of carbon dioxide (CO2), water vapour and energy between terrestrial 

ecosystems and the atmosphere. Vegetation under study includes temperate conifer and broadleaved 

(deciduous and evergreen) forests, tropical and boreal forests, crops, grasslands, chaparral, wetlands 

and tundra. Sites can be associated with regional or domain networks or can be unaffiliated. Flux 

towers operate on five continents and their latitudinal distribution ranges from 70 degrees north to 30 

degrees south. The FLUXNET database contains information about tower location and site 

characteristics as well as data availability. FLUXNET network provides typical meteorological variables 

at 30-minute frequency. Apart from the typical meteorological variables, FLUXNET main purposes are 

to quantify the spatial differences in carbon dioxide and water vapor exchange rates that may be 

experienced within and across natural ecosystems and climatic gradients, to quantify temporal 

dynamics and variability (seasonal, inter-annual) of carbon, water and energy flux densities and to 

quantify the variations of carbon dioxide and water vapor fluxes due to changes in insolation, 

temperature, soil moisture, photosynthetic capacity, nutrition, canopy structure and ecosystem 

functional type. To achieve those objectives, FLUXNET provides a set of non-meteorological variables 

such as carbon dioxide, water vapor, and energy flux densities (Baldocchi, 2008). 

2.1.20. EFAS-Meteo: A European daily high-resolution gridded meteorological data 

set for 1990 - present 

EFAS-Meteo (Ntegeka et al., 2013) is a pan-European 5x5 km2 resolution gridded daily dataset of a 

number of meteorological variables, with temporal availability from 1990 onwards. It includes 

precipitation, surface temperature (mean, minimum and maximum), wind speed, vapour pressure, 

radiation and evapotranspiration (potential evapotranspiration, bare soil and open water 

evapotranspiration). The dataset was created as part of the development of the European Flood 

Awareness System (EFAS) and is continuously updated in near real-time. The source data used to 

http://www.sciencedirect.com/science/article/pii/S0022169414003680#b0020
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generate the EFAS-Meteo dataset consists of point observations which are collected and stored by two 

databases managed by the JRC, namely the EU-FLOOD-GIS and the MARS database (see Rijks et al., 

1998). On average, observations from more than 6000 stations for precipitation and more than 3000 

stations for temperature are spatially interpolated to generate daily meteorological gridded values to 

use as input in Lisflood. Daily maps of evapotranspiration to use in Lisflood are estimated for the same 

period through the Penman-Monteith formula, by including an average of 2000 stations providing 

vapour pressure, incoming solar radiation and wind speed. An example of data availability for 

precipitation observations included in the EFAS-Meteo is shown in Figure 3 , regarding the overall 

number of reporting stations, and in Figure 4 regarding the spatial distribution of stations in time. 

 
Figure 3: Time series of available stations reporting precipitation observations in the EFAS -Meteo dataset. 
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Figure 4: Spatial distribution of available precipitation observations of the EFAS-Meteo dataset. 31 Dec 1990 

(upper left), 31 Dec 1995 (upper right), 31 Dec 2005 (lower left), and 31 Dec 2011 (lower right).  

2.1.21. Crop Growth Monitoring System (CGMS) 
The Crop Growth Monitoring System is the core of the Monitoring Agricultural Resources (MARS) Crop 

Yield Forecast System (MCYFS). It is currently used in forecasting activities in the context of forecasting 

the country level crop yield in European AGRI4CAST action. CGMS produces meteorological variables 

such as daily average, minimum and maximum temperatures, rainfall, mean daily wind speed at 10m, 

Penman potential evaporation, daily global radiation and snow depth. Weather data comes from direct 

observations from meteorological stations and meteorological products resulting from ECMWF or 

remote sensing observations from meteorological platforms. A key strength of the dataset is the high 

spatial resolution (25kmx25km grid) in daily time step for the period 1975 until to the last calendar 

year completed. However the data are oriented to regional agricultural use rather than climate 

research, with only NUTS3 aggregates to be available online. 

2.1.22. Global Precipitation Climatology Centre (GPCC) 
The Global Precipitation Climatology Center (GPCC) database is a gauge-based gridded monthly 

precipitation data sets for the global land surface. GPCC provides two atmospheric products. The first 

GPCC Full Data Reanalysis uses the complete GPCC station database (ca. 64,400 stations with at least 

10 years of data) available at the time of analysis and therefore is recommended to be used for global 
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and regional water balance studies, calibration/validation of remote sensing based rainfall estimations 

and verification of numerical models. The second is the VASClimO which is a 50-year precipitation data 

set for the global land-areas that is available since August 2005. The monthly data set for the global 

land areas (excluding Greenland and Antarctica) from 1951 to 2000 is gridded at three different 

resolutions (0.5° lat/lon, 1.0° lat/lon, 2.5° lat/lon) on the basis of quality controlled station data. Both 

products are not bias corrected for systematic gauge measuring errors. However, the GPCC provides 

estimates for that error as well as the number of gauges used on the grid. Description about the 

construction of the datasets can be found in Rudolf et al. (2010) and Schneider et al. (2008). 

2.1.23. CPC Merged Analysis of Precipitation (CMAP) 

CPC Merged Analysis of Precipitation (CMAP) is a multi-satellite, gauge merged climate rainfall product 

that combines a variety of satellite and ground-based measurements to provide monthly and pentad 

global gridded precipitation means in 2.5o x 2.5o global grid. The data are available for the period 1979 

to present. More information about the construction of the dataset can be found in Xie and Arkin 

(1997). 

2.1.24. Met Office Hadley Centre observations datasets (HadOBS) 

Met Office Hadley Centre offers a wide range of gridded datasets of meteorological variables for use 

in climate monitoring and climate modelling. Information about the datasets can be found in 

(http://www.metoffice.gov.uk/hadobs/). Among the offered variables, global gridded datasets of 

temperature, sea level pressure, humidity for land and sea surface or combination of them. The widely 

used dataset CRUTEM4 is a monthly gridded dataset of global historical near-surface air temperature 

anomalies (from 1961-1990 reference period) over land offered by HadOBS as a collaborative product 

of Met Office Hadley Centre and the Climatic Research Unit at the University of East Anglia. Data are 

derived from monthly mean temperatures of more than 5500 weather stations distributed around the 

world. The data are available from 1850 to present in 5o x 5o global grid. Currently, version 

CRUTEM.4.3.0.0 is available. More information regarding CRUTEM4 can be found in Jones et al., 

(2010). Hadley Centre SST data set (HadSST3 – see Kennedy et al., 2011a and 2011b) is a monthly global 

field sea surface temperature data set in 5o x 5o global grid spanning from 1850 to the present day. The 

construction of the dataset includes quality checked and converted to anomalies in-situ measurements 

of SST from ships and buoys. Moreover, HadCRU4 dataset is available, which consists a blend of 

the CRUTEM4 land-surface air temperature dataset and the HadSST3 dataset. It consists a synthetic 

dataset based on an ensemble of 100 dataset realizations that sample the distribution of uncertainty 

in the global temperature record given current understanding of non-climatic factors affecting near-

surface temperature observations. More information about the construction of the dataset can be 

found in Morice et al. (2012). 

2.1.25. GISS Surface Temperature Analysis (GISTEMP) 
GISS Surface Temperature Analysis (GISTEMP) GISTEMP is the Goddard Institute for Space Studies 

(GISS) global monthly surface temperature anomalies from 1880/01 to present.  It combines land 

surface air temperatures mainly from the GHCN-M v3 (see Vose et al. 1992) station archive with SSTs 

of the ERSSTv3b analysis into surface temperature data to produce a 2o x 2o global grid. Documentation 

of the analysis is provided by Hansen et al. (1999), with several modifications described by Hansen et 

al. (2001). The GISS analysis is updated monthly. Key strength is the larger Polar Regions coverage that 

it offers comparing to similar other datasets like HadCRUT3.  

http://www.metoffice.gov.uk/hadobs/
http://www.metoffice.gov.uk/hadobs/crutem4
http://www.metoffice.gov.uk/hadobs/hadsst3


Project No 603864 
 

19 

 

Table 1: Technical details of some of the meteorological datasets listed above. Variables names according to CMIP5 data description http://cmip-

pcmdi.llnl.gov/cmip5/docs/standard_output.pdf  

Name Main variables 
Spatial 

coverage 

Time 

coverage 

Spatial 

resolution 

Temporal 

resolution 

Key 

reference 
Source More information 

TRMM pr 

Latitude: 

50°S – 50°N; 

Longitude: 

180°W – 180°E 

1997-12-31 

to 

2014-05-31 

for TRMM 

3B42 daily 

0.25°x0.25°  
Monthly – 

daily 

Huffman et al, 

2010 

http://mirador.gsfc.nasa.

gov/cgi-

bin/mirador/presentNavi

gation.pl?tree=project&

project=TRMM&dataGro

up=Gridded 

ftp://meso-

a.gsfc.nasa.gov/pub/t

rmmdocs/3B42_3B43

_doc.pdf 

GPCP pr 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1979-01 to 

2014-05 in 

monthly 

1996/01 to 

2014/05 in 

daily 

2.5°x2.5°  

 

1°x1° 

Monthly – 

Daily 

Adler et al, 

2003 

ftp://rsd.gsfc.nasa.gov/p

ub/1dd-v1.2/ 

 

ftp://ftp.cgd.ucar.edu/ 

http://precip.gsfc.nas

a.gov/ 

PERSIANN pr 

Latitude: 

50°S – 50°N; 

Longitude: 

180°W – 180°E 

2000 – 03 to 

2014 – 02 
0.25°x0.25° 3h, 6h, daily 

Kou-lin et al., 

1997 

ftp://persiann.eng.uci.ed

u/pub/PERSIANN 

http://chrs.web.uci.e

du/persiann/ 

CRU TS 

3.22 
pr, tas, psl 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1901-2013 0.5°×0.5° monthly 
Harris et al., 

2014 

http://www.cru.uea.ac.u

k/cru/data/hrg/cru_ts_3.

22/ 

http://www.cru.uea.a

c.uk/cru/data/hrg/cru

_ts_3.22/Release_Not

es_CRU_TS3.22.txt  

GSWP-3 
pr, snowfall rate, 

radiation 

Latitude: 

59.5°S – 89.5°N; 

Longitude: 

180°W – 180°E 

1986-1995 0.5°×0.5° daily 

Yoshimura 

and 

Kanamitsu, 

2013 

 

http://gewex.org/ssg-

26/ssg-

25_report_final.pdf 

ERA40 pr, tas, zg, prw 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1957/09 –
2002/08 

2.5°x2.5° 

1.125°x1.12

5°, 0.01 hPA 

top 

Sub-daily, 

Monthly 

Uppala et al., 

2005 

http://data-

portal.ecmwf.int/data/d

/era40_daily/http://ww

w.cgd.ucar.edu/cas/catal

og/reanalysis/budgets/e

ra40budgets.html 

 

http://gewex.org/ssg-26/ssg-25_report_final.pdf
http://gewex.org/ssg-26/ssg-25_report_final.pdf
http://gewex.org/ssg-26/ssg-25_report_final.pdf
http://www.cgd.ucar.edu/cas/catalog/reanalysis/budgets/era40budgets.html
http://www.cgd.ucar.edu/cas/catalog/reanalysis/budgets/era40budgets.html
http://www.cgd.ucar.edu/cas/catalog/reanalysis/budgets/era40budgets.html
http://www.cgd.ucar.edu/cas/catalog/reanalysis/budgets/era40budgets.html
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ERA-

Interim 
pr, tas, zg, prw 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1979/01 to 

2013/08 

0.75°x0.75°, 

0.01 hPA top 

Sub-daily, 

Daily, 

Monthly 

Dee et al., 

2011 

http://data-

portal.ecmwf.int/data/d

/interim_full_daily 

 

JRA pr, tas, zg 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1979/01 to 

2004/12 for 

JRA25 

 

1958/01 to 

2012/12 for 

JRA55 

 

 

1.25°x1.25° 

0.4 hPA top 

6hourly, 

monthly 

Onogi et al., 

2007; Ebita et 

al., 2011 

http://jra.kishou.go.jp/JR

A-25/index_en.html 

http://ds.data.jma.go.

jp/gmd/jra/atlas/eng/

atlas-tope.htm 

MERRA pr, tas, zg, prw 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1979/01 to 

2013/01 

 

0.5° x 0.667° 

x 72 , 0.01 

hPA top 

 

Sub-daily, 

Monthly 

 

Rienecker et 

al., 2011 

http://disc.sci.gsfc.nasa.

gov/daac-

bin/FTPSubset.pl 

https://gmao.gsfc.nas

a.gov/products/docu

ments/MERRA_File_S

pecification.pdf 

ASR 

tas, zg, upper 

level winds 

 

Arctic region 
2000/01 to 

2012/12 

30 / 10 km; 

71 levels; 

10hPA top 

Sub-daily, 

Monthly 
 

http://rda.ucar.edu/data

sets/ds631.0/ 

http://rda.ucar.edu/data

sets/ds631.4/ 

http://polarmet.osu.e

du/PWRF/ 

NCEP/NCA

R R1 

pr, tas, zg, ocean 

variables 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1948/01 to 

2013/01 

2.5°x2.5°; 3 

hPA top 

Sub-daily, 

Monthly 

Kalnay et al., 

1996; Kistler, 

R., et al., 

(2001) 

http://www.esrl.noaa.go

v/psd/data/reanalysis/re

analysis.shtml 

http://rda.ucar.edu/d

atasets/ds090.0/docs

/publications/bams19

96mar/bamspapr.pdf 

NCEP-DOE 
pr, tas, zg, ocean 

variables 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1979/01 to 

2010/12 

2.5°x2.5°, 

0.266 hPA 

top 

Sub-daily, 

daily,  

Monthly 

Kanamitsu et 

al., 2002 

http://www.esrl.noaa.go

v/psd/data/gridded/data

.ncep.reanalysis2.html 

 

 

http://www.cpc.ncep.

noaa.gov/products/w

esley/reanalysis2/kan

a/reanl2-1.htm 

CFSR 

 

pr, tas, zg, ocean 

variables 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1979/01 to 

2010/12 

0.5°x 0.5° & 

2.5°x2.5°, 

0.266 hPA 

top 

Sub-daily, 

Monthly 

Suranjana et 

al., 2010. 

http://rda.ucar.edu/pub

/cfsr.html 

http://rda.ucar.edu/d

atasets/ds093.1/ 

NOAA 

CIRES 

pr, tas, zg, ocean 

variables 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1869/11 to 

2012/12 
2°x2° 6 hour 

Compo et al., 

2009 

http://rda.ucar.edu/data

sets/ds131.1/#!descripti

on 

http://rda.ucar.edu/d

atasets/ds131.1/ 

http://ds.data.jma.go.jp/gmd/jra/atlas/eng/atlas-tope.htm
http://ds.data.jma.go.jp/gmd/jra/atlas/eng/atlas-tope.htm
http://ds.data.jma.go.jp/gmd/jra/atlas/eng/atlas-tope.htm
https://gmao.gsfc.nasa.gov/products/documents/MERRA_File_Specification.pdf
https://gmao.gsfc.nasa.gov/products/documents/MERRA_File_Specification.pdf
https://gmao.gsfc.nasa.gov/products/documents/MERRA_File_Specification.pdf
https://gmao.gsfc.nasa.gov/products/documents/MERRA_File_Specification.pdf
http://www.cpc.ncep.noaa.gov/products/wesley/reanalysis2/kana/reanl2-1.htm
http://www.cpc.ncep.noaa.gov/products/wesley/reanalysis2/kana/reanl2-1.htm
http://www.cpc.ncep.noaa.gov/products/wesley/reanalysis2/kana/reanl2-1.htm
http://www.cpc.ncep.noaa.gov/products/wesley/reanalysis2/kana/reanl2-1.htm
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PGMFS v.2 

pr, tas, ps, huss,  

sfcWind, rlds, 

rsds, 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1948-2008 1°x1° 3-hourly 
Sheffield et 

al., 2006 

http://hydrology.princet

on.edu/data.pgf.php 
 

WFD 

tas, ps, huss,  

sfcWind, rlds, 

rsds, Rainfall and 

snowfall rate 

GPCC bias 

corrected, 

Rainfall and 

snowfall rate CRU 

bias corrected 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1901 – 2000 0.5°x 0.5° 6 hour 
Weedon et al. 

(2010) 

https://gateway.ceh.ac.u

k/terraCatalog/Start.do 

 

http://www.eu-

watch.org/publication

s/technical-reports 

WFDEI 1979 - 2005 0.5°x 0.5° 6 hour 
Weedon et al. 

(2014) 

ftp://rfdata:forceDATA@

ftp.iiasa.ac.at at 

http://www.eu-

watch.org/gfx_conten

t/documents/READM

E-WFDEI(1).pdf 

E-OBS 
pr, tas, tasmax, 

tasmin, ps 

Latitude: 

25°N – 75°N; 

Longitude: 

40°W – 75°E 

1/1/1950 – 

31/12/2013 
0.25°x 0.25° daily 

Haylock et al., 

2008 

van den 

Besselaar et 

al., 2011 

http://www.ecad.eu/do

wnload/ensembles/dow

nload.php 

http://www.ecad.eu/

download/ensembles

/ensembles.php 

FLUXNET ps,tas,CO2 fluxes  

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

 Station level 30min - 
http://fluxnet.ornl.gov/o

btain-data 

http://fluxnet.ornl.go

v/publications 

EFAS-

Meteo 

pr, tas, tasmax, 

tasmin, 

sfcWind, rsds, pot 

evapo-

transpiration 

European 
1990 

onwards 
5x5 km2 daily 

Ntegeka et al., 

2013 
 

https://ec.europa.eu/

jrc/sites/default/files/

lb-na-26408-en-n.pdf 

CGMS 

pr, tas, tasmax, 

tasmin, ps, 

Penman Epot 

European 1975 -2013 25x25 km2 daily 
Biavetti et al., 

2014 

http://mars.jrc.ec.europ

a.eu/mars/About-

us/AGRI4CAST/Data-

distribution/AGRI4CAST-

Interpolated-

Meteorological-Data 

 

http://mars.jrc.ec.eur

opa.eu/mars/About-

us/AGRI4CAST/Model

s-Software-

Tools/Crop-Growth-

Monitoring-System-

CGMS 

http://www.eu-watch.org/publications/technical-reports
http://www.eu-watch.org/publications/technical-reports
http://www.eu-watch.org/publications/technical-reports
http://www.eu-watch.org/gfx_content/documents/README-WFDEI(1).pdf
http://www.eu-watch.org/gfx_content/documents/README-WFDEI(1).pdf
http://www.eu-watch.org/gfx_content/documents/README-WFDEI(1).pdf
http://www.eu-watch.org/gfx_content/documents/README-WFDEI(1).pdf
http://www.ecad.eu/download/ensembles/ensembles.php
http://www.ecad.eu/download/ensembles/ensembles.php
http://www.ecad.eu/download/ensembles/ensembles.php
http://fluxnet.ornl.gov/publications
http://fluxnet.ornl.gov/publications
http://mars.jrc.ec.europa.eu/mars/About-us/AGRI4CAST/Models-Software-Tools/Crop-Growth-Monitoring-System-CGMS
http://mars.jrc.ec.europa.eu/mars/About-us/AGRI4CAST/Models-Software-Tools/Crop-Growth-Monitoring-System-CGMS
http://mars.jrc.ec.europa.eu/mars/About-us/AGRI4CAST/Models-Software-Tools/Crop-Growth-Monitoring-System-CGMS
http://mars.jrc.ec.europa.eu/mars/About-us/AGRI4CAST/Models-Software-Tools/Crop-Growth-Monitoring-System-CGMS
http://mars.jrc.ec.europa.eu/mars/About-us/AGRI4CAST/Models-Software-Tools/Crop-Growth-Monitoring-System-CGMS
http://mars.jrc.ec.europa.eu/mars/About-us/AGRI4CAST/Models-Software-Tools/Crop-Growth-Monitoring-System-CGMS
http://mars.jrc.ec.europa.eu/mars/About-us/AGRI4CAST/Models-Software-Tools/Crop-Growth-Monitoring-System-CGMS
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http://agri4cast.jrc.ec.eu

ropa.eu/DataPortal/Defa

ult.aspx  

GPCC pr Global Overland 
1900/01 to 

2010/12 

0.5°x0.5°, 

1°x1°, 

2.5°x2.5° 

 

Monthly 
Rudolf et al., 

2010 

ftp://ftp-

anon.dwd.de/pub/data/

gpcc/html/fulldata_dow

nload.html 

 

http://www.esrl.noaa.go

v/psd/data/gridded/data

.gpcc.html 

ftp://ftp.dwd.de/pub/

data/gpcc/PDF/pdf_2

8_precipitation.pdf 

CMAP pr 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1979/01 to 

2014/07 
2.5°x 2.5° 

Daily, 

monthly 

Xie and Arkin, 

1997 

http://www.esrl.noaa.go

v/psd/data/gridded/data

.cmap.html 

http://www.esrl.noaa

.gov/psd/data/gridde

d/data.cmap.html 

HadOBS 
tas, ps, upper air 

data 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1850 - 2013 5°x 5° 

Monthly; 

monthly 

anomalies 

Kennedy et 

al., 2011a; 

Jones et al., 

2012; Morice 

et al., 2012 

http://www.metoffice.g

ov.uk/hadobs/hadsst3/d

ata/download.html 

http://www.metoffice

.gov.uk/hadobs/ 

GISTEMP 
Temperature 

Anomaly 

Latitude: 

90°S – 90°N; 

Longitude: 

180°W – 180°E 

1880 - 2013 2°x 2° Monthly 
Hansen et al., 

2010 

http://data.giss.nasa.gov

/pub/gistemp/gistemp12

00_ERSST.nc.gz 

 

http://data.giss.nasa.gov

/pub/gistemp/gistemp25

0.nc.gz 

http://data.giss.nasa.

gov/gistemp/ 

ftp://ftp.dwd.de/pub/data/gpcc/PDF/pdf_28_precipitation.pdf
ftp://ftp.dwd.de/pub/data/gpcc/PDF/pdf_28_precipitation.pdf
ftp://ftp.dwd.de/pub/data/gpcc/PDF/pdf_28_precipitation.pdf
http://www.esrl.noaa.gov/psd/data/gridded/data.cmap.html
http://www.esrl.noaa.gov/psd/data/gridded/data.cmap.html
http://www.esrl.noaa.gov/psd/data/gridded/data.cmap.html
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2.2. LAND SURFACE DATASETS 

2.2.1. Network of regional networks (FLUXNET) 
Apart from the typical meteorological variables, FLUXNET main purposes is to quantify the spatial 

differences in carbon dioxide and water vapor exchange rates that may be experienced within and 

across natural ecosystems and climatic gradients, to quantify temporal dynamics and variability 

(seasonal, inter-annual) of carbon, water and energy flux densities and to quantify the variations of 

carbon dioxide and water vapor fluxes due to changes in insolation, temperature, soil moisture, 

photosynthetic capacity, nutrition, canopy structure and ecosystem functional type. To achieve those 

objectives, FLUXNET provides a set of non-meteorological variables such as carbon dioxide, water 

vapor, and energy flux densities (Baldocchi, 2008). 

2.2.2. Global runoff data center – GRDC (contains EWA data)  
The GRDC is an international archive of data up to 200 years old that holds a unique collection of river 

discharge data collected at daily or monthly intervals from more than 9,000 stations in 160 countries. 

This adds up to around 370,000 station-years with an average record length of 41 years. The GRDC 

provides discharge data and data products for non-commercial applications. There are three station 

catalogues, the GRDC Station Catalogue which compiles the basic metadata of all GRDC stations 

including some summary statistics by country, by WMO regions, or by WMO subregions. The second 

station catalogue is the ARDB which holds time series from a total of 2405 runoff gauging stations in 

the arctic hydrological region (Status March 2005) held in the Arctic Runoff Data Base (ARDB). Finally 

GRDC maintains since 2005 the EWA Station Catalogue from all stations represented in the European 

Water Archive (EWA), containing long-term daily flow data and basin information of about 3000 river 

gauging stations in 29 countries. GRDC offers station data form the stations catalogue, through 

Catalogue Tool V.32. Moreover, it offers gridded data of Global Freshwater Fluxes3 into the World 

Oceans based on results from the global hydrological model WaterGAP (Doell et al., 2003) for 0.5° grid 

cell resolution. Long-Term Mean Monthly Discharges and Annual Characteristics4 offer basic statistics 

of 3843 stations draining basins larger than 2500 km² are also available from GRDC. Finally, the Global 

Composite Runoff Fields (CSRC-UNH and GRDC, 2002) are available (Fekete et al., 2002). Global 

Composite Runoff Fields5 is a combination of observed river discharge information with a climate-

driven water balance model in order to develop composite runoff fields which are consistent with 

observed discharges. Such combined runoff fields preserve the accuracy of discharge measurements 

as well as of the spatial and temporal distribution of simulated runoff, thereby providing the "best 

estimate" of terrestrial runoff over large domains.  

2.2.3.  ISLSCP II UNH-GRDC 

This composite runoff product combines river discharge measurement with water balance model 

estimates. This composite runoff dataset is a result from the University of New Hampshire 

(UNH)/Global Runoff Data Centre (GRDC) data assimilation application in a water balance model 

context, an analogous to the meteorological modelling technique. It includes 11 parameters - data files 

and users of this dataset should read the “Data Set Reference Document” (  Table 2) 

                                               
2 http://www.bafg.de/GRDC/EN/02_srvcs/21_tmsrs/211_ctlgs/catalogue_tool_v3.html?nn=201352 
3 http://www.bafg.de/GRDC/EN/03_dtprdcts/31_FWFLX/freshflux_node.html 
4 http://www.bafg.de/GRDC/EN/03_dtprdcts/32_LTMM/longtermmonthly_node.html 
5 http://www.bafg.de/GRDC/EN/03_dtprdcts/33_CmpR/unh_grdc_node.html 

http://www.sciencedirect.com/science/article/pii/S0022169414003680#b0020
http://www.bafg.de/GRDC/EN/02_srvcs/21_tmsrs/211_ctlgs/catalogue_tool_v3.html?nn=201352
http://www.bafg.de/GRDC/EN/03_dtprdcts/31_FWFLX/freshflux_node.html
http://www.bafg.de/GRDC/EN/03_dtprdcts/32_LTMM/longtermmonthly_node.html
http://www.bafg.de/GRDC/EN/03_dtprdcts/33_CmpR/unh_grdc_node.html
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document carefully before using it, in order to be fully aware of the nature of the compositing process 

and avoid potential misuse.  

2.2.4. Dai and Trenberth Global River Flow and Continental Discharge Dataset 
This dataset covers about 80%of global ocean-draining land areas accounting for about 73% of global 

total runoff that correspond to 925 globally largest rivers. Monthly stream-flow is available at the 

farthest downstream stations for the 1948 – 2004 period. Gauge records used for the construction of 

the dataset obtained from UNESCO, USGS, UNH and GRDC and national archives. Data gaps are filled 

using nearby stations data and remaining gaps are infilled with estimates derived using the Community 

Land Model, version 3 (CLM3) simulated streamflow through regression. 

2.2.5. Food and Agriculture Organization of the United Nations (FAOSTAT) 
The statistical division of Food and Agriculture Organization of the United Nations (FAOSTAT)   provides 

a comprehensive collection of data related to crop yield production, agricultural and land use 

emissions, forestry and several agri-environmental indicators. Crop yield related data contains 

information about the produced quantity, the harvested area and the per hectare yield. Emissions 

information provides country-level estimates of greenhouse gas (GHG) emissions, following 2006 

Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas 

Inventories. The emission data are provided per use. Forestry data are provided for the annual 

production and trade estimates for numerous forest products, primarily wood products such as round 

wood, sawn wood, wood panels, pulp and paper. For many forest products, historical data are available 

from 1961. Data are mainly available in country level. The time coverage varies depending on the 

dataset.  

2.2.6. ESA Soil Moisture Essential Climate Variable (ECV SM 02.0) 
ESA Soil Moisture Essential Climate Variable is a global soil moisture dataset which has been generated 

using active and passive microwave spaceborne instruments. It covers a 35 year period from 1978 to 

2013. Three products are included to the dataset, an active data set, a passive data set and a merged 

data set. The first one is based on observations from the C-band scatterometers on board of ERS-1, 

ERS-2 and METOP-A. The passive dataset is based on passive microwave observations from Nimbus 7 

SMMR, DMSP SSM/I, TRMM TMI, Aqua AMSR-E, Coriolis WindSat, and GCOM-W1 AMSR2. Key 

advantage of the dataset is the daily temporal resolution and the high spatial resolution of 0.25o x 

0.25o. However, due to technical limitations, soil moisture retrievals are not available for areas with 

dense vegetation (tropical, boreal forests), strong topography (mountains), ice cover (Greenland, 

Antarctica, Himalayas), large fractional coverage of water, or extreme desert areas. 

2.2.7. Harmonized World Soil Database (HWSD) 
Harmonized World Soil Database consists a collection of harmonized soil attributes data derived from 

the homogenization of 16000 different soil mapping units. Soil parameters of (organic Carbon, pH, 

water storage capacity, soil depth, cation exchange capacity of the soil and the clay fraction, total 

exchangeable nutrients, lime and gypsum contents, sodium exchange percentage, salinity, textural 

class and granulometry are included to the database. Specifically for Soil Texture, soils are classified in 

12 classes of soil defined by USDA. The database spatial resolution is 0.5o x 0.5o. An upscaled version 

has been also prepared for use in GSWP3. It is reported that the reliability of the information contained 

in the database is variable, depending on the availability of data assimilated in the database per region. 
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  Table 2: Technical details of some of the land surface datasets listed above 

Name Parameter 
Spatial 

coverage 
Time coverage 

Spatial 

resolution 

Temporal 

resolution 
Key reference source More information 

FLUXNET 

CO2, Water Vapor, 

NetRad, Global 

Shortwave Rad 

DownPAR 

Soil parameters 

Vegetation 

parameters 

Global 1992-now Station data 30-min 
Baldocchi, D., et 

al. (2001) 

http://www.fluxdata.or

g/DataInfo/default.aspx 

http://fluxnet.ornl.gov/flux

netdb 

FAOSTAT Crop yields Global 1961-2013 

Nomenclatu

re Units 

(National – 

regional) 

Annual FAOSTAT, 2013 

http://faostat3.fao.org/ 

http://faostat.fao.org/ 

http://kids.fao.org/ 

 

GRDC Runoff Database Global 

1900-2012 

according to 

catchment - 

average record 

length of 41 years 

Station data 
Daily or 

monthly 
 

http://www.bafg.de/

GRDC/EN/01_GRDC/1
3_dtbse/database_no

de.html 

 

ISLSCP II 

UNH-GRDC 

Observed monthly 

runoff 
Global 1986 – 1995 0.5o monthly 

Fekete et al., 

2011 

http://daac.ornl.gov/cgi

-

bin/dsviewer.pl?ds_id=

994 

ftp://ftp.daac.ornl.gov/dat

a/islscp_ii/hydrology_soils

/comp_runoff_monthly_xd

eg/comp/1_comp_runoff_

month_doc.pdf 

Dai and 

Trenberth 

Flow & 

Discharge 

Observed monthly 

runoff 
Global 1948 – 2004 Station data monthly Dai et al., 2009 

http://www.cgd.ucar.ed

u/cas/catalog/surface/d

ai-runoff/ 

https://climatedataguide.u

car.edu/climate-

data/freshwater-

discharge-1948-2004 

ECV SM 02.0 Soil Moisture Global 1978 – 2013 0.25° Daily (Liu et al., 2011) 

http://www.esa-

soilmoisture-

cci.org/node/145 

http://www.esa-

soilmoisture-

cci.org/node/139 

HWSD Soil parameters Global - 0.25° - 

FAO/IIASA/ISRIC/I

SSCAS/JRC, 

2012. 

http://webarchive.iiasa.ac.

at/Research/LUC/Exter

nal-World-soil-

database/HTML/ 

http://webarchive.iiasa.ac.at/

Research/LUC/External-

World-soil-

database/HWSD_Docume

ntation.pdf 

http://faostat3.fao.org/
http://faostat.fao.org/
http://kids.fao.org/
http://www.bafg.de/GRDC/EN/01_GRDC/13_dtbse/database_node.html
http://www.bafg.de/GRDC/EN/01_GRDC/13_dtbse/database_node.html
http://www.bafg.de/GRDC/EN/01_GRDC/13_dtbse/database_node.html
http://www.bafg.de/GRDC/EN/01_GRDC/13_dtbse/database_node.html
http://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=994
http://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=994
http://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=994
http://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=994
ftp://ftp.daac.ornl.gov/data/islscp_ii/hydrology_soils/comp_runoff_monthly_xdeg/comp/1_comp_runoff_month_doc.pdf
ftp://ftp.daac.ornl.gov/data/islscp_ii/hydrology_soils/comp_runoff_monthly_xdeg/comp/1_comp_runoff_month_doc.pdf
ftp://ftp.daac.ornl.gov/data/islscp_ii/hydrology_soils/comp_runoff_monthly_xdeg/comp/1_comp_runoff_month_doc.pdf
ftp://ftp.daac.ornl.gov/data/islscp_ii/hydrology_soils/comp_runoff_monthly_xdeg/comp/1_comp_runoff_month_doc.pdf
ftp://ftp.daac.ornl.gov/data/islscp_ii/hydrology_soils/comp_runoff_monthly_xdeg/comp/1_comp_runoff_month_doc.pdf
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2.3. SUPPLEMENTARY DATASETS  

2.3.1. Global Terrestrial Network for Glaciers (GTN-G) 
The Global Terrestrial Network for Glaciers (GTN-G) is the framework for the internationally 

coordinated monitoring of glaciers and ice caps in support of the United Nations Framework 

Convention on Climate Change (UNFCC). The network is coordinated by the World Glacier Monitoring 

Service (WGMS), the U.S. National Snow and Ice Data Center (NSIDC) and the Global Land Ice 

Measurements from Space initiative (GLIMS). Two types of datasets are available. In the first type, a 

detailed inventory of the world’s glaciers, mainly including aerial photographs and maps of the second 

half of the 20th century, and Glacier Land Ice Measurements from Space database. In the second type 

of dataset, glacier changes information since 19th century is stored. Information about length, area, 

volume, and mass are digitally stored in and disseminated from the Fluctuations of Glaciers 

database and periodically published. Data can be retrieved online from 

http://nsidc.org/data/glacier_inventory/query.html. 

2.3.2. SoilGrids1km 

SoilGrids1km 6 is a global soil dataset containing soil property and class data maps for the entire globe 

in 1km resolution. The data are produced from a state-of-the-art model-based statistical methods 

described in Hengl et al., (2014). Soilgrids1km is produced by World Soil Information which is an 

independent, science-based foundation mandated to serve the international community with 

information about the world’s soil resources to help addressing major global issues.  Automated 

statistical methods and model based geostatistics are used to produce predictions of the global soil 

properties. Available parameters in the SoilGrids1km are organic carbon, pH, texture fractions, coarse 

fragments, bulk density, depth to bedrock (R horizon) and CEC at six standard depths, and predictions 

for soil types based on the FAO's World Reference Base groups and USDA's Soil Taxonomy suborders 

(Hengl et al. 2014). 

                                               
6 http://soilgrids1km.isric.org/ 

http://www.glims.org/
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0105992
http://soils.usda.gov/technical/classification/tax_keys/archive.html
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0105992
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3. EXAMPLE EXTREME EVENTS 

 

3.1. FLOODS IN CENTRAL EUROPE IN JUNE 2013 

In June 2013, massive flooding hit the Upper Danube and Elbe basins and their tributaries. In Passau, at 

the confluence of the Inn, Ilz and Danube, water levels reached values not seen since 1501. Further 

downstream in Vienna discharge values exceeded those observed in the past two centuries (Blöschl et al., 

2013). Elbe tributaries such as the Saale experienced flooding corresponding to a return period of several 

hundred years. A total of 25 fatalities in the Czech Republic, Germany, and Austria have been attributed 

to the flooding.  

Strong orographic precipitation enhancement along the northern slopes of the Alps was observed during 

this event, leading to highest rainfall totals of the order of 300-400 mm in 4 days in southern Germany 

and in Austria (Stein, 2013). Orographic effects also played a major role in the Czech Republic, where the 

Sudetes, Ore, and Sumava mountains caused substantial rainfall enhancement. The importance of 

dynamically forced orographic lifting during flood events in mountain areas is well known, and the high 

efficiency of precipitation formation in such cases is generally attributed to the seeder-feeder mechanism 

(e.g., Roberts et al., 2009). It requires a combination of strong, moist low-level flow producing orographic 

clouds with a low cloud base, and precipitation falling from a higher-level (e.g. frontal) cloud which 

efficiently accretes the orographically generated and continuously replenished cloud water. Both 

ingredients were in place for a period of several days during the June 2013 event. Further details on the 

flood and on the underlying atmospheric processes are described by Blöschl et al. (2013), Pappenberger 

et al. (2013), and by Grams et al. (2014). 

 

 
Figure 5: Aerial view of the flooding in Passau, Germany, 03 June 2013. (Peter Kneffel – AP) 
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3.2. FLOODS IN SERBIA AND BOSNIA IN MAY 2014 

After weeks of persistent wet conditions, the exceptionally intense rainfall started on 13th May 2014 led 

to disastrous and widespread flooding in the Balkan Peninsula in south-east Europe, mainly in Bosnia-

Herzegovina and Serbia, with flooding also reported in Croatia, southern Poland, Slovakia, and the Czech 

Republic. About three months’ worth of rain had fallen in only a few days, producing the worst floods 
since rainfall measurements began 120 years ago. The estimated death-toll due to the flooding in Serbia 

and Bosnia exceeded 80 people7. 

Also in Croatia, Romania, Czech Republic, Slovakia and Poland fatalities were reported. More than 1.6 

million inhabitants were estimated to be affected by the flooding. 

In Bosnia, the country’s foreign minister has been quoted in the media as saying that around a million 
people were without clean water, with more than 100,000 houses and other buildings no longer usable 

and the road infrastructure badly damaged. It is estimated that as many as 500,000 people had been 

evacuated or left their homes, with north-eastern Bosnia especially badly affected, with houses, roads 

and rail lines submerged. About 2,000 landslides caused by the torrential rain have been reported, some 

on minefields left over from Bosnia’s 1992-95 war, and official sources are quoted as saying that all mine 

warning signs have been moved. 

 
Figure 6: Affected areas of Bosnia and Herzegovina, Serbia and Croatia. Most affected areas are shown with darker 

shades. ©ArnoldPlaton. 

 

                                               
7 http://en.wikipedia.org/wiki/2014_Southeast_Europe_floods 
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Figure 7: Flooded area as of 21/05/2014 around Obrenovac, Serbia. ©European Commission.  

3.3. CYCLONE XYNTHIA AND COASTAL FLOODING IN SW EUROPE IN 2010 

Xynthia was a violent windstorm which took place between the 27th of February and the 1st of March 

2010 and originated from a low-pressure zone located in the middle of the Atlantic Ocean around the 

latitude of the Tropic of Cancer. This depression gradually intensified and evolved towards a storm 

crossing rapidly Western Europe, passing from Portugal, the North-Western part of the Iberian Peninsula, 

the French border of the Bay of Biscay and continuing with reduced intensity towards Belgium and 

Germany.  

The impact of the storm was more significant in France, but was also felt in Portugal and Spain8 where in 

addition to the flooding, several power cuts occurred. The strongest wind gust recorded in Portugal was 

166 km/h (103 mph) while in Spain a gust of 228 km/h (142 mph) was recorded. In France a 241 km/h 

(150 mph) wind gust was recorded at the Pic du Midi. The event was definitely extreme but not 

exceptional compared to previous ones (e.g. storms Martin and Klaus), but at several locations the 

maximum surge coincided with spring-tide high water levels and resulted in exceptional total water levels 

with return periods exceeding 100 years.  

 

                                               
8 http://en.wikipedia.org/wiki/Cyclone_Xynthia 

http://en.wikipedia.org/wiki/Pic_du_Midi_de_Bigorre
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Figure 8. Measured storm surge (blue line) during the Xynthia storm at the La Pallice tidal station (after Bertin et 

al., 2012) 

 

Many natural barriers and sea-walls were submerged and/or breached, causing the flooding of very large 

areas, some of which were inhabited, especially in France. At least 51 people tragically died and material 

damages were estimated at 1.5 billion Euros9, making Xynthia one of the costliest and deadliest storms to 

ever strike France in modern history. Saltwater flooding of farmlands was disastrous to the farming 

industry, firstly because the saltwater-inundated lands can remain contaminated by salt for several years, 

rendering them impossible to crop. Secondly, hundreds of cattle were drowned. Many aquaculture 

infrastructures, located in marshes, as well as tourism infrastructures were destroyed. The extent of the 

flooded area at the Atlantic coast of France was approximately 400 km2 (Breilh et al., 2013). 

                                               
9 http://www.eqecat.com/news/2010/xynthia-storm.htm 

http://www.eqecat.com/news/2010/xynthia-storm.htm
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Figure 9. Extent of flooded area (outlined in red) on the Atlantic coast of France northward of the Gironde estuary.  

 

3.4. HEAT WAVES AND DROUGHTS IN EUROPE IN SUMMER 2003 

The 2003 drought was an exceptional event for Europe, combining significant precipitation deficits with 

record-setting heat extremes. At its peak, nearly all of Europe was in drought, except for the Iberian 

Peninsula and the far eastern Mediterranean (Figure 10). As a consequence, large losses in crop yield and 

extremely low discharge levels of rivers were reported in large parts of Europe. The overall death toll of 

the heat waves and of the drought was estimated at about 70,000 people (Robine et al., 2008). 
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The drought event began with a precipitation deficit in Scandinavia in early spring 2003, which further 

expanded and in June the center was located in Poland. Climatological drought remained moderate 

through June until July, when the extent and severity of the precipitation deficit rapidly expanded to cover 

most of Europe. This rapid expansion of drought was caused by a persistent blocking high-pressure pattern 

that lingered over Western Europe. The most severe precipitation deficits, which occurred in July and 

August of 2003, were accompanied by the warmest temperatures ever recorded in Europe until then. This 

greatly increased evapotranspiration, reducing available water. The meteorological drought began to 

quickly recede in late September and October, with drought conditions only remaining in northern Italy 

and southern France. 

In terms of impacts the European drought of 2003 affected an area spreading from Portugal to Romania 

and Bulgaria (Demuth, 2009; European Environment Agency, 2010). It was characterized by diverse and 

far reaching effects resulting from an exceptional rainfall deficit combined with extended heat wave 

conditions. 

Agriculture was particularly affected in Southern and Central Europe: French, Italian, German, Austrian, 

Swiss, Slovakian, Spanish and Portuguese agriculture but also Eastern countries have been among the 

most affected by the drought and the heat wave in 2003 (Swiss Re, 2004). In many countries of the South-

Eastern European region, like Hungary, Slovenia, Croatia, Serbia and Montenegro, 2003 was among the 

major agricultural droughts in recent years. The International Disaster Database EM-DAT registered 

drought disasters in 2003 in Bosnia-Herzegovina, Croatia and Hungary. Significant decreases in yields 

compared to previous years were common, however with big variations per region. European livestock 

farmers were worst hit due to the big impact on green fodder supply. Agricultural losses were estimated 

to amount to more than 10 billion Euros (Swiss Re, 2004). Governmental measures to mitigate the effects 

for the farmers were taken in several countries and also by the European Commission. 

Local limitations and serious shortage problems in public water supply were reported for some rural 

mountainous areas in Italy, Austria, Switzerland, France and Germany. A few communities and single 

farms, which had depended exclusively on the use of local spring waters (or traditional private wells), had 

to be supplied by emergency actions. However, immense demands during the hot summer period, 

restrictions on water use and abstraction and a strong overall depletion of resources, i.e. dried up springs 

and boreholes, extremely low groundwater levels and reservoir stocks, were common across Europe.  

In several European rivers, extremely low flows and high water temperatures were recorded. The energy 

sector was challenged by a reduced potential of hydropower production, widespread problems with 

cooling of nuclear and thermal power plants as well as unusually high demands. Thermal and nuclear 

power plants throughout Europe had to operate at reduced capacities or even shut down due to the high 

river water temperatures. In August emergency exemptions from environmental legislation were granted 

for several power plants in France, the Netherlands and Germany in order to avoid disruptions ensure 

continuity in the supply. Conditions of power supply in Italy (Cassardo et al., 2007) and France (e.g., 

Poumadere et al., 2005) were among the most critical ones.  
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For months inland navigation was heavily impaired by extreme low flows and water levels in large 

European rivers such as the Po, Elbe, Oder, and in the major European transport routes in the Danube and 

Rhine basins (e.g., Jonkeren et al., 2007). 

In France, the Netherlands and in Southern England structural damage due to soil shrinkage and 

subsidence caused considerable costs (Corti et al., 2009).  

Freshwater ecosystems were put under exceptional stress, with increased risk to biodiversity loss during 

2003. Several reports were produced to point out dried up stream sections, extreme water temperatures, 

violation of minimum flow requirements, temporary water quality deterioration and eutrophication, 

limited to critical dissolved oxygen concentrations, increased pollution loads, increased mortality and 

mass kill of fish (e.g., Senn et al., 2013).  

 

 

Figure 10: Water scarcity and drought events in Europe during the 2002 - 2011. The 2003 drought affected the 

entire Europe.  Figure from European Environment Agency (EEA)10) 

 

Drought stress to forest ecosystems in 2003 is considered to be a major explanation for the increased 

defoliation of broadleaved species observed in 2004 especially in Central Europe and particularly 

pronounced for common beech. Increased dieback and susceptibility to pest infestations were also 

frequently reported (Rouault et al., 2006). In Southern Europe the summer of 2003 was one of the most 

                                               
10 http://www.eea.europa.eu/data-and-maps/figures/ds_resolveuid/49970f32ead84c67b4050d0412a8593b 

http://www.eea.europa.eu/data-and-maps/data-providers-and-partners/european-environment-agency
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severe forest fire seasons experienced during the last decades with the greatest severity mostly 

concentrated in Portugal and France (Schmuck et al., 2004). In total the exceptionally dry and warm 

conditions resulted in over 25,000 reported heath and forest fires from Portugal to Ireland and Finland.  

3.5. DROUGHT IN EUROPE IN 1989-1990 

Another of the most significant drought events of the last 30 years that affected the European region 

occurred in 1989-1990. The total area affected by drought exceeded 40% of the continent (Tallaksen et 

al., 2011). From a climatological perspective the onset of the 1989-1990 drought was triggered by a 

decline in precipitation in the Mediterranean region during the winter and spring of 1989 (Figure 11). In 

the summer of 1989 short wet periods appeared sporadically in the biggest part of the European region, 

causing an interim withdrawal of drought conditions in the continent, apart from Turkey where drought 

did not recede. Precipitation deficiencies reoccurred the following winter (1990) in south-eastern Europe, 

causing conditions of severe hydrological drought in the late spring and summer of 1990. This drought 

event, during its peak in May, affected most of southern and central Europe. The eastern Mediterranean 

was seriously affected by the precipitation deficits of two consecutive years and the resulting drought 

conditions. Some of the impacts documented are declines in agricultural production as well as surface and 

groundwater scarcity (EDC, 2013a). 

 

 

Figure 11: Progression of 1989-1990 European climatological drought (SPI-6) as adopted by Stagge et al., 2013. 

Percent area in drought is calculated by summing all cells less than the 20th percentile (SPI<-0.84) 
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4. EXAMPLE ADAPTATION STRATEGIES 
 
It is widely agreed that risk is the product of hazard and its consequences. The United Nations 

International Strategy for Disaster Reduction (UNISDR, 2009) defines risk as “the combination of the 

probability of an event and its negative consequences”. Hazard is “a dangerous phenomenon, substance, 
human activity or condition that may cause loss of life, injury or other health impacts, property damage, 

loss of livelihoods and services, social and economic disruption, or environmental damage”. Vulnerability 
represents “the characteristics and circumstances of a community, system or asset that make it 
susceptible to the damaging effects of a hazard”. And exposure “people, property, systems, or other 

elements present in hazard zones that are thereby subject to potential losses” (UNISDR, 2009). Hence risk 

can be expressed as:  

R = H * E * V 

Drawing on Flood Risk Management Plans (FRMP) as example, we list in the following sub-sections a 

number of adaptation measures to reduce the overall risk of floods, including some case studies where 

measures have been successfully applied. Some of these measures are of general application for a range 

of weather driven hazards, including droughts, storm surges, landslides, debris flow, and business sectors 

such as water management, agriculture, energy production and the infrastructures sector.  

4.1. MANAGEMENT PLANS  

FRMP consist of the implementation of measures to reduce the probability of flooding and its potential 

consequences. In this category, some actions aimed at reducing the flood risk are included. Land-use 

zoning regulations, watershed management and relocation of assets are strategies that must be adopted 

in advance in order to reduce the future impacts of floods. 

A first step in management plans consists in the identification and description of hazards and the possible 

impacts to the studied area. Then, the several strategies to reduce the impacts must be defined and 

properly disseminated to the population, so their risk awareness and preparedness increases.  

As mentioned before, it is crucial to stress the importance of planning at a basin level. This integrative 

approach reinforces the change of paradigm and allows to better living with floods.  

An important pillar in watershed management is to avoid the flood triggering. The concept of catching 

water where it falls can be implemented by enhancing infiltration, reducing soil sealing or building water 

storage facilities (Kundzewicz, 2002).  

The other main strategy promoted by management plans is the relocation of assets. Precautionary 

measures such as regulation of flood plains are effective and feasible. Nevertheless, when flood prone 

areas are already built-up, the problem is more difficult to solve by using such strategies, due to the many 

legal issues present. 
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In some cases, the administration is able to acquire land and assets from endangered areas, allowing 

relocating the population at risk (Galloway, 1997). Still, permanent evacuation of floodplains cannot be 

achieved everywhere. Thus, in these cases the efforts should be put on enhancing the protective capacity 

of the structural flood defences, and promoting the use of non-structural such as early warning systems 

or other tools to raise awareness. 

Summarising, management plans are a key tool for the administration to reduce the impacts of hazardous 

events. By implementing strategies oriented towards hazard, exposure and vulnerability reduction, flood 

risk can be reduced. If the measures adopted are at the basin level and are mainly non-structural, the 

change of paradigm of flood risk management is pushed forward. The Flood Risk Directive (FRD, European 

Commission, 2007) is an example of how all this concepts can be put into practice. 

4.2. HAZARD MODIFICATION  

The reduction of flood hazard by means of non-structural measures (i.e. non-conventional strategies) can 

be very varied. Some of them are mainly related to river floods and some others contribute to reduce the 

flood impacts at urban level. In general, the aim of all of them is to retain extreme discharge peaks as 

close as possible to the source, preventing large peak discharges to occur. 

In the case of fluvial floods, strategies tackle the problem following a simple guideline: reducing surface 

runoff. This can be done by modifying flood plains to enhance infiltration, increasing the storage capacity 

with ponds, increasing evapotranspiration and reducing flow velocity with special vegetation (catch crops, 

among others). 

On the other hand, strategies implemented in urban developments have a more specific goal i.e. retaining 

the storm water. Two main techniques are being used in this case, sustainable urban drainage systems 

(SUDS), and rainwater harvesting systems.  

SUDS are a sequence of management practices and control structures, which can drain surface water in a 

more natural way than most conventional techniques and are mostly not designed to cope with large 

flooding events. They collect water, temporarily store it and subsequently release it at a controlled rate 

to the soil or the downstream receiving watercourse or sewer. Not only are the runoff volumes reduced, 

but also the pollutant loads, being the primary purpose of SUDS often related to water quality 

management (Scholes et al., 2008). 

Although their functioning mechanisms and goals are fairly similar, there are many types of SUDS: ponds, 

wetlands, filter trenches, swales, soak ways, green roofs, among others.  

Rainwater harvesting can be done by using water storage tanks or cisterns to reduce the rainwater runoff 

in urban areas (Helmreich and Horn, 2009). The stored water can be used for irrigation or for domestic 

purposes (sometimes a pre-treatment is required by legislation), and thus can contribute to increase the 

quantity of water for human consumption. 
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Figure 12: Modelling of SUDS efficiency in the Kollau catchment. Source: Pasche et al. (2008). 

 

4.3. STRUCTURAL MEASURES 

This group of measures is related to the construction of large-scale flood defences, such as dams, dikes, 

channels, etc. All of them affect the hazard component of the risk equation, since the water is stored or 

diverted in order to locally reduce the flood intensity. Although most of these strategies have been applied 

for thousands of years, new approaches tackle floods differently. It is the case of detention tanks in urban 

areas, a practice that is lately being implemented by many sewer systems. 

 

Kundzewicz (2002) remarked that although sustainable management is the path to follow, traditional 

approaches cannot be forgotten. In densely developed areas, these measures are essential to ensure 

protection.  

A very important issue that is often not considered is the maintenance of these infrastructures. It is crucial 

that the sewer network pipes are regularly cleaned, as well as it should be done with detention tanks and 

dams, where sedimentation of debris considerably reduces their storage capacity. Proper maintenance 

allows a better functioning of the infrastructures, increasing their capacity to mitigate flood hazards. 
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Figure 13: Detention tank of Parc Joan Miró, Barcelona (left) and detail of its cleaning system (right).  

 

4.4. VULNERABILITY REDUCTION MEASURES 

Strategies belonging to this group are meant to reduce the physical impacts and cost of floods. Their 

nature is very diverse, as well as their scale. The most common vulnerability reduction measures are at 

very local scale, aimed at mitigating the damages and loss of lives of floods, without requiring large 

infrastructures. 

Since the main goal of these strategies is to reduce the vulnerability, they are generally localised within 

urban developments. Households can implement several measures such as constructing with an elevated 

configuration, shielding with water barriers, waterproof sealing and fortification, among others (Kreibich 

et al., 2005). In addition, if the population is warned in advance, it is possible to move some of the assets 

to the upper floors reducing in this way part of the flood damages.  

Although some of these measures are permanent (such as waterproof sealing, which consists in 

constructing with water resistant materials that keep the water out of the building), most of them are 

temporary.  

 

Figure 14: Benefit-cost ratios for different precautionary building measures under different flood scenarios, 
calculated with different discount rates. Source: Kreibich et al. (2011). 
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After the approval of the FRD, the German Minister for Justice developed the German Water Act, where 

substantial changes related to flood risk management with the previous regulations were introduced. An 

increased participation of the residents in flood prone areas was requested. For the first time, people 

were obliged to actively contribute to flood risk mitigation. Quoting the German Water Act: “Every 
individual that can be affected by flooding is obliged to apply appropriate mitigation measures”.  

4.5. COMMUNICATION AND EDUCATION 

Awareness and preparedness are essential to increase flood resilience (Schelfaut et al., 2011). A 

prerequisite for building adaptive capacity for river basin management is learning and building up 

knowledge in the relevant organisations as well as the transfer of relevant knowledge.  

Therefore, education is of paramount importance to build up the concept of risk culture amongst the 

population. This process is not easy, and probably will not be effective immediately. However, now it is 

the time to start disseminating the paradigm of living with floods, so the coming generations will grow 

with this attitude. On the other hand, a proper communication of risks, can improve the effectiveness of 

an evacuation, as well as the awareness and preparedness for future hazardous events (Parker et al., 

2007). 

There are several forms of communicating or promoting the learning of the risk culture: mass media 

campaigns, leaflets, online platforms presenting the risk maps of an area, sending SMS to the population 

in flood prone areas, education and training programs both for young people and grown-ups. Visual 

communication is often used (Meyer et al., 2012), because it allows for a wider representation of the 

existent risk and can be easily implemented with the most advanced modelling systems. 

No matter how the information is provided, it is important to consider that the information must be 

provided in advance so that the population have time to act accordingly. The no-risk concept must be 

removed from all communication materials available, presenting the real situation where there is always 

some residual risk; and finally, the warnings must be issued by several means, increasing the probability 

of the affected population to get the message. 

Clearly, communication and education are important activities to be carried out before and during the 

flood. In fact, they play an essential role during the recovery phase. Once a flood is over, learning from 

the event is a key process for improving the future management. Therefore, a compilation of lessons 

learnt should be done after every event, accompanied with a dissemination campaign to ensure that 

mistakes are not repeated over and over again (Cøeur and Lang, 2008). 
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Figure 15: Flood Animation Centre (FAC) composed of flood cylinders (left) and flood box (right). Source: Pasche et 

al. (2007). 

4.6. MONITORING AND EARLY WARNING 

Several meteorological and hydrological observations can be set up to monitor river flows or the operation 

of urban drainage networks. One of the goals pursued, is to better understand flood events, and to be 

able to develop early warning systems. These systems have the ultimate goal of preventing fatalities and, 

in the second place, to limit the economic losses. 

Flood early warning systems are diverse, because the drivers of floods can be considerably different 

depending on the type of flood. Although rainfall is often the main driver, some other variables should be 

considered, such as soil moisture, snow accumulation and melting and the morphology of the basin or the 

sewer network in urban areas. Alfieri et al. (2012) reviewed water related early warning systems 

operational in Europe in 2011, including systems for detecting surface water flooding, flash floods, debris 

flows, mud flows, rainfall-induced landslides, river floods and coastal floods. 

Accurate rainfall forecasts can timely trigger warning systems and activate emergency plans. Since 

increasing the lead time of forecasts would provide a few extra hours that could be very important to 

undertake the evacuation procedure, this issue is of major interest. Several techniques have been 

developed to forecast rainfall, mainly depending on their forecast range and the space-time resolution. In 

the short range (i.e., within 24 hours), radar rainfall estimations are commonly used to forecast floods and 

flash-floods in small-scale catchments.  

The evolution of rainfall fields is forecasted through nowcasting techniques (e.g., Panziera et al., 2011) or 

by blending radar estimations with limited-area numerical weather predictions (NWP), as shown by 

Atencia et al. (2010) and Bowler et al. (2006), among others. Differently, riverine floods in large river 

basins are skilfully detected using medium-range NWP. The European Flood Awareness System (Alfieri et 

al., 2014; Thielen et al., 2009) is a notable example of operational system using ensemble NWP to predict 

catastrophic floods 3 to 10 days before they take place and liaising with the European Civil Protection 

mechanism to promptly set up emergency and coordination plans in the affected areas. 
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It is of paramount importance to understand that, although an accurate early warning can be issued with 

enough lead time, its effectiveness will depend on many factors. The interaction between the technical 

system, the operator, the organisation and the public should be considered in order to obtain the real 

effectiveness of the warning system (Bayrak, 2011). Therefore, the benefits of an early warning system 

can only be realised when the whole system of forecasting, warning and response is operating properly.  

 

  

Figure 16: Verzasca dam overflowing (left), and chart of the overflow episode between 13-15 May 2010. 

4.7. EMERGENCY RESPONSE AND EVACUATION 

Several actions must be taken when an emergency occurs: providing information, medical care, food, 

water, and shelters to the population, evacuating people, building up temporary protection structures, 

searching for and rescuing endangered people, maintaining water and power supplies, as well as 

communication networks during and after an event.  

In order to increase the effectiveness of these responses, the development of emergency management 

plans is vital. Although the state can prepare the general framework to create these plans, tailoring them 

with regional and local constraints and specificities is very important.  

As mentioned in the previous section, the efficiency of the emergency response highly depends on the 

warning systems. The earlier the alert is given, the more effectively people can react, protect their 

possessions and lives, and if necessary, be evacuated. 

Besides the use of early warning systems, several other factors that facilitate a proper response exist. 

Bezuyen et al. (1998) identified some of these response enablers: preparation and experience in early 

floods; improving the training and coordination of the different emergency teams; communication on the 

severity of risk; gradual development of threat; and self-regulating behaviour, not requiring the help of 

public assistance for evacuation.  

4.8. FINANCIAL INCENTIVES 

Nowadays, providing financial incentives to the owners of assets in flood prone areas is becoming a 

common practice (Botzen et al., 2009). By implementing risk reducing strategies such as waterproof 
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sealing a building, the damage costs after an extreme event will be certainly lower. Thus, insurance 

companies or national or regional agencies are starting to finance this trend.  

Some companies from the insurance sector or governmental agencies offer discounts when the policy 

holder implements such strategies. On the other hand, governments set up funds to stimulate these 

protection measures, providing grants to help the owners. In some cases they go even further, using these 

funds to finance the acquisition of lands and buildings in endangered areas.  

These approaches are in contrast with the one presented in the next section. The supporters of financial 

incentives claim that relief funds, such as the European Union Solidarity Fund (European Commission, 

2002) that finances disaster relief after large events, should be reformed to support disaster risk reduction 

instead of only relief.  

4.9. RISK TRANSFER 

Risk transfer strategies are used to financially protect inhabitants of exposed regions. The main goal of 

such mechanisms consists in transferring the losses over people and/or time. The most popular way to 

transfer risk is through insurance, but there are many other ways to do it.  

Financial tools that cover the damage caused by extreme events are diverse. In some cases, private 

insurance companies are the ones dealing with it, whereas in many countries public or mixed insurance 

systems are used. Comparisons of different natural hazard insurance systems in Europe are given by a 

number of authors (Botzen et al., 2010; von Ungern-Sternberg, 2004).  

As it was discussed before, the existence of such relief funds is often considered in contrast with the 

implementation of the new flood risk management paradigm. The incentive for households to undertake 

mitigation measures is low since they can expect to be compensated in case of a disaster.  

However, these insurance systems could be seen as an opportunity to enhance the financial incentives. 

Investing part of their incomes in prevention is a practice that should be promoted. Nevertheless, it is 

important to keep in mind that insurance systems are necessary, and completely replacing them by 

financial incentives is not a valid option. 
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