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1 Model summary and comparison 
Table S1 – Model Summary 

No. Short Name Full Name Provider Contact 

1 GLOFRIS Global Flood Risk with 
IMAGE Scenarios 

Deltares, 
Utrecht, VU 

Winsemius, H.C. & Ward, P.J. 

2 CaMa-UT MATSIRO-GW + CaMa-
Flood-v3.6.2 

U-Tokyo, 
JAMSTEC 

Yamazaki, D. & Hirabayashi Y. 

3 ECMWF HTESSEL and CaMa-
Flood 

ECMWF Pappenberger F. & Dutra E. 

4 SSBN SSBN SSBN Sampson, C.C. & Smith A. 

5 JRC GloFAS-LISFLOOD JRC Salamon, P., Francesco Dottori 

6 CIMA-UNEP CIMA-UNEP, GAR15 CIMA Rudari R. 
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Table S2: Model Details 

MODEL Climate 
Forcing 

Land 
Surface 
Model 

River 
Routing 

Floodplain1 Flood 
Frequency 

Down-
scaling 

Output 
Data 
resolution 

Smallest River 
size or 

upstream 
catchment area 

considered 

GLOFRIS 

(Deltares, 
VU 
Amsterdam
, University 
of Utrecht, 
PBL) 

EU-WATCH 
reanalysis 

1960–1999 

hydrologica
l model 
PCR-
GLOBWB, 
0.5 degree 

Kinematic 
0.5 deg 

30 arc sec 
SRTM 
model 

Flood 
volume 

Gumbel 
distribution 
for 1960 to 
1999 

Volume 
redistributi
on 30 
arcsec 
SRTM 
model 

30 arc sec 
~900 m 

 

strahler order 
>=6 only 

CaMa-UT 
(U-Tokyo, 
JAMSTEC) 

JRA-25 
Reanalysis 

1979-2010 

+GPCP rain 
gauge 
correction 

MATSIRO-
GW 

Energy and 
Water 
Balance 

(1 degree) 

Inertia 0.25 
deg 

Sub-grid 
topo. 
upscaled 
from 3 arc 
sec 
HydroSHED
S & SRTM 

Water Level 

Gumbel 
distribution 
for 1979 to 
2010 

Flood 
depth 
downscaled 
onto 18 arc 
sec DEM 

18 arc sec 
~540 m 

Drainage area > 
0.25 degree 

grid box 
(Approximately 

~500 km2) 

HTESSEL + 
CaMa-
Flood 
(ECMWF) 

ERAInterim 
reanalysis 
1979-2014 

HTESSEL, 
T255 
(~80km) 

3 methods 
Kinematic, 
Inertia(x2) 

0.25 deg 

Sub-grid 
topo. 
upscaled 
from 3 arc 
sec 
HydroSHED
S & SRTM 

Flood 
depth 

GEV 
distribution 
for 1979 to 
2014 

depth 
downscaled 
onto 18 arc 
sec DEM 

18 arc sec 
~540 m 

~500 km2 

JRC GloFAS, 
ERA-
Interim 
reanalysis 
1980-2013 

HTESSEL   LISFLOOD-
Global (0.1 
deg) + 
Inertia (30 
arc sec)  

Sub-grid 
topo. 
upscaled 
from 3 arc 
sec 
HydroSHED
S & SRTM  

Gumbel 
distribution 
for 1980 to 
2013 

N/A 30 arc sec 
~900 m 

 

5000 km2 

SSBN Regional 
FFA from 
global 
gauge data 

N/A Inertia 

30 arc sec  

HydroSHED
S & SRTM 

30 arc sec 

From FFA depth 
downscaled 
onto 3 arc 
sec DEM 

3 arc sec 

~90 m 

~50 km2 

CIMA-
UNEP, 
GAR2015 

Regional 
FFA from 
global 
gauge data 
+ ECEarth 
bias 
corrected  

Continuum 
Model to 
improve 
FFA 

Mannings 
at multiple 
points 

Reconditio
ned 
HydroSHED
S  & SRTM 

From FFA, 
GEV fitting 

Native at 3 
arc sec 

3 arc sec 

~90 m 

~1000 km2 

 

                                                           
1 Flood protection systems such as dykes and reservoir management rules are not considered by the models, 
given the absence of information in the African river basins. 
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2 Kappa calculation results tables 
Cohen’s kappa coefficient was calculated for each pair of models for each return period and results 
are shown below in Table S3 and summarised by return period in Table S4. 

Table S3: Cohen’s kappa coefficient results 

1-in-25y GLOFRIS JRC CaMa-UT ECMWF SSBN CIMA-UNEP 

GLOFRIS 1 0.46 0.44 0.40 0.34 0.39 

JRC 0.46 1 0.43 0.40 0.35 0.41 

CaMa-UT 0.44 0.43 1 0.52 0.35 0.41 

ECMWF 0.40 0.40 0.52 1 0.40 0.34 

SSBN 0.34 0.35 0.35 0.40 1 0.37 

CIMA-UNEP 0.39 0.41 0.41 0.34 0.37 1 

       

1-in-100y GLOFRIS JRC CaMa-UT ECMWF SSBN CIMA-UNEP 

GLOFRIS 1 0.49 0.47 0.43 0.36 0.41 

JRC 0.49 1 0.46 0.41 0.36 0.44 

CaMa-UT 0.47 0.46 1 0.57 0.37 0.43 

ECMWF 0.43 0.41 0.57 1 0.43 0.36 

SSBN 0.36 0.36 0.37 0.43 1 0.37 

CIMA-UNEP 0.41 0.44 0.43 0.36 0.37 1 

       

1-in-250y GLOFRIS JRC CaMa-UT ECMWF SSBN CIMA-UNEP 

GLOFRIS 1 0.50 0.48 0.44 0.36 0.42 

JRC 0.50 1 0.48 0.42 0.37 0.44 

CaMa-UT 0.48 0.48 1 0.59 0.38 0.43 

ECMWF 0.44 0.42 0.59 1 0.44 0.36 

SSBN 0.36 0.37 0.38 0.44 1 0.37 

CIMA-UNEP 0.42 0.44 0.43 0.36 0.37 1 

       

1-in-500y GLOFRIS JRC CaMa-UT ECMWF SSBN CIMA-UNEP 

GLOFRIS 1 0.50 0.49 0.44 0.36 0.43 

JRC 0.50 1 0.49 0.43 0.37 0.45 

CaMa-UT 0.49 0.49 1 0.60 0.39 0.43 

ECMWF 0.44 0.43 0.60 1 0.45 0.38 

SSBN 0.36 0.37 0.39 0.45 1 0.37 

CIMA-UNEP 0.43 0.45 0.43 0.38 0.37 1 

       

1-in-1000y GLOFRIS JRC CaMa-UT ECMWF SSBN CIMA-UNEP 

GLOFRIS 1 0.51 0.49 0.45 0.36 0.44 

JRC 0.51 1 0.49 0.43 0.36 0.46 

CaMa-UT 0.49 0.49 1 0.61 0.39 0.42 

ECMWF 0.45 0.43 0.61 1 0.46 0.38 

SSBN 0.36 0.36 0.39 0.46 1 0.37 

CIMA-UNEP 0.44 0.46 0.42 0.38 0.37 1 
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Table S4: Cohen’s kappa coefficient summary 

RP 
(years) 

mean 
kappa for 
all models 

25 0.402 

100 0.424 

250 0.433 

500 0.439 

1000 0.442 

mean 0.428 
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3 Individual model framework details, supplied by model providers: 
 

3.1 JRC model description 
Hydrological datasets 

The hydrological input is provided by the streamflow climatology produced in the Global Flood 
Awareness System (GloFAS) based on the global atmospheric reanalysis dataset ERA-Interim1.    

Hydrological simulations in GloFAS are performed by coupling the land surface model HTESSEL with 
the groundwater and river routing model LISFLOOD Global. The river network considered includes 
rivers with an upstream drainage area larger than 5000 km2.  

The climatological database of discharges covers a period of 34 years from 1980 to 2013, at 0.1 
degrees resolution.  

Processing of hydrological input 

Maps of daily annual maxima of discharge are extracted for each grid element of the GloFAS river 
network, and fitted with a Gumbel extreme value distribution to estimate peak discharge maps for 
any return period.  

The streamflow information (daily and extreme discharges) is then downscaled to a higher 
resolution river network at 30’’ resolution (~1 km) over “flood points” regularly spaced along all the 
river network, where flood simulations will be executed.  

For each flood point, a synthetic flood hydrograph is derived based on local peak discharge, flow 
duration curve and time of concentration. 

Flood inundation modelling 

Flood simulations are all performed with the 2D hydraulic model CA2D2. The model uses the flowing 
features to increase performance and balance run times and accuracy: 

 semi-inertial formulation of Shallow Water Equations;  

 local time step algorithm; 

 sub-grid approach for representing the main river network, where grid elements included in 
the river network are composed by a channel and a flood plain fraction3 

 8-direction link network instead of the standard 4-direction grid;  

 grid cell areas and length of connections are corrected, based on local geographical 
coordinates.    

A flood simulation is performed for each flood point in the river network. The domain size for each 
local simulation is assigned through a trial-and-error process, to prevent the flood flow from being 
cut at the selected domain boundaries.  After all the local flood simulations are executed, the flood 
maps are merged together, taking the maximum depth value where more maps overlap. 

Geographical datasets 

• For river basins below 60° N: Digital Elevation Model (DEM) and Drain Direction (DD) raster 
maps developed by HydroSHEDS.  

• For river basins above 60° N: GTOPO30 DTM with hydrological conditioning.   

• For river basins below 60° N: channel bed elevations are assigned from the lowest elevation 
value coming from cells of the 3’’ SRTM DEM included in the 30’’ river network cell. Channel width 
taken from the Global River Width Database4.  
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• For river basins above 60° N: subgrid parameters have been obtained using the geometric 
functions developed for GloFAS. 

• Roughness values for hydraulic simulations are derived from land use information provided 
by the Global Land Cover 2000 map. 

• DEM for flood simulations is corrected using the global vegetation height dataset5. 
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3.2 GLOFRIS model description 
The modelling of inundation in GLOFRIS comprises three main steps:  (i) global hydrological and 
hydraulic modelling; (ii) extreme value statistics to derive flood frequencies; and (iii) inundation 
modelling. Each step is summarised in the following paragraphs. The following description is taken 
largely from ref. 6.  

Global hydrological and hydraulic modelling 

Daily discharge is simulated at a horizontal resolution of 0.5°x0.5° using the global hydrological 
model PCR-GLOBWB7, 8, and its extension for dynamic routing, DynRout (PCR-GLOBWB-DynRout). 
Discharge arises from flood-wave propagation; in each cell the associated daily flood volume is 
stored in the channel or on the floodplain in case of overbank flooding. In the present paper, the 
models were forced by daily meteorological fields (precipitation, temperature, global radiation) for 
1960-1999 from the EU-WATCH project9. 

Extreme value statistics 

From the daily flood volume time-series, annual time-series of maximum flood volumes are 
extracted for hydrological years 1960-1999. For each cell, a Gumbel distribution is fitted through this 
time-series, based on non-zero data only (extracting Gumbel parameters for the best-fit and the 5 
and 95% confidence limits). For cells in which zero flood volume was simulated in one or more years, 
the exceedance probability of zero flood volume is also calculated. These Gumbel parameters are 
then used to calculate flood volumes for the selected return-periods. Flood volumes are calculated 
conditional to the exceedance probability of zero flood volume. For those cells where fewer than 
five non-zero data points were available, flood volume is assumed to be zero. 

Inundation modelling 

Finally, the coarse resolution flood volumes for the different return-periods are converted into high 
resolution (30" x 30") hazard maps showing inundation depths. This is carried out using the GLOFRIS 
downscaling model, described in detail in ref. 10.  It is assumed that flood volumes with 2-year 
return-period do not lead to overbank flooding11 (estimate bankfull discharge to have an average 
return-period of ca. 1.5-years). Hence, this flood volume is first subtracted from the flood volumes 
for the different return-periods (5, 10, 25-year, etc.), before the inundation downscaling is carried 
out. 
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3.3 CaMa-UT model description 
The modelling framework follows the 20C retrospective simulation by Hirabayashi et al.12, but some 
components (land surface model, river routine model, and flood frequency analysis) are updated. 

Climate forcing and land surface model 

The global atmospheric reanalysis dataset JRA-2513 with GPCP precipitation correction (Kim et al., 
2009) was used to force the land surface model MATSIRO-GW14. The MATSIRO-GW calculates energy 
and water flux between land surface and atmosphere, and estimates runoff from soil to rivers. A 
representation of water table dynamics is incorporated into the original MATSIRO15. The land surface 
model was run at 1 degree resolution from 1979 to 2010. The outputted daily runoff was passed to 
the global river hydrodynamic model CaMa-Flood. 

River hydrodynamic model 

The CaMa-Flood-v3.6.216 was used for simulating river discharge and water level dynamics. Water 
level was diagnosed from water mass in each 0.25 degree grid box using sub-grid topography 
parameters derived from SRTM3 DEM17 and HydroSHEDS18. River discharge was calculated by the 
local inertial flow equation19, 20. Note that the channel bifurcation scheme16 and satellite-based river 
width parameters4 were not used in the CaMa-UT product. For more detailed model configurations, 
please refer to the description papers21, 22, 23. The river simulation was done at 0.25 degree spatial 
resolution from 1979 to 2010. 

Flood frequency analysis 

Annual maximum water levels from 1979 to 2010 were extracted for each 0.25 degree grid box, and 
fitted with a Gumbel distribution to estimate peak water level for any return period. The estimated 
N-year water level at 0.25 degree resolution was then downscaled onto the higher-resolution SRTM3 
DEM to calculate flood depth at 1/200 degree resolution. 
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3.4 ECMWF model description 
The climate data and land surface model used to derive the ECMWF global flood hazard maps are 
based on the ERA-Interim/Land dataset24. EIL is a global land surface reanalysis covering the period 
1979-2010 (with an update close to real-time), and is freely available at: 
http://apps.ecmwf.int/datasets/data/interim-land. It describes the evolution of the land surface (soil 
moisture, soil temperature and snowpack) and associated fluxes (e.g. evapotranspiration, runoff) 
simulated by the ECMWF land surface model driven by meteorological forcing from the ERA-Interim 
reanalysis and precipitation adjustments based on monthly Global Precipitation Climatology Projects 
(GPCP25). The simulations were performed with a horizontal resolution of about 80 km with a 3-
hourly time frequency. Balsamo et al. (2015)24 provides a detailed description and validation of the 
datasets, including river discharge in several large-scale basins. 

The daily runoff of EIL was integrated by the global hydrodynamic model CaMa-Flood21 with a 
horizontal resolution of about 0.25°. The annual maxima of the river water storage was fitted with a 
Gumbel distribution (EV1) and the return periods estimated. The river water storage for each return 
periods was then converted into river water level on a 1x1 km grid allowing the identification of 
flooded and not-flooded pixels. 
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3.5 SSBN model description 
The SSBN global model couples a flood frequency analysis conducted at the global scale, with a 2-D 
hydraulic modelling framework. A brief description is provided below with the modelling process 
being partitioned into three groups: (i) flow generation; (ii) model set-up; (iii) hydraulic engine.  A 
detailed model description is provided in ref. 26. 

Flood Frequency Analysis (FFA) 

Extreme discharges are derived from a FFA, applied at the global scale. An index flood frequency 
approach, similar to that outlined in ref. 27, was applied to >5000 gauging stations around the world. 
The method uses the distribution of upstream climatology, upstream area and upstream rainfall to 
derive an estimated discharge for a given return period at any point in the channel network.  The 
FFA is also used to estimate bankfull discharge across the channel network (defined as the 1.1 – 2 
year event depending on climate zone); these values are used to calibrate the channel conveyance 
capacity within the hydraulic modelling framework.   

Hydraulic modelling framework 

A number of global datasets are used to derive the inputs to the hydraulic model.  Firstly, the 
Hydrosheds variant of SRTM is used, both at 3 and 30 arc second resolutions.  A number of 
additional corrections are applied to the terrain data including a systematic vegetation correction 
procedure in vegetated areas and an urban correction procedure in urbanised areas. The global river 
network and geometry is defined using the Hydrosheds accumulation array coupled to a river width 
database and the FFA-derived channel network bankfull discharge values.  The river network is 
decomposed into reaches for simulation; an automated method, based upon changes in the FFA-
derived estimates of mean annual flood, which determines the longitudinal extent of each reach and 
controls the decomposition.  Finally, the model domain itself is decomposed into tiles to facilitate 
execution; the boundaries of these tiles are specified to overlap, allowing internal boundary effects 
to be minimised via cropping and blending when the domain is reassembled post-simulation.   

Hydraulic engine 

The hydraulic engine is based upon the subgrid variant of the LISFLOOD-FP inundation model, and 
employs the efficient inertial formulation of the shallow water equations3, 19. The model has been 
extended with a slope-dependent fixed-velocity 2D routing scheme that allows stable simulations to 
be undertaken in areas of steep or discontinuous topography28.  Simulations are undertaken at 30 
arc second resolution to reduce the effect of noise in the SRTM DEM and enable a more robust 
simulation of water surface elevation over large flood plains. A smooth water surface elevation is 
calculated by interpolating between the 30 arc second cells, enabling water surface heights to be 
interpolated to 3 arc second resolution and water depths re-calculated by comparison with the 3 
arc-second DEM. 

 

  



11 
 

3.6 CIMA-UNEP model description 
The methodology at the basis of the GAR 2015 model for the derivation of flood hazard maps 
encompasses several steps.  

In defining hazard maps in the “present climate” (the subject matter of this comparison), stream-
flow data plays a central role. A global database of stream-flow data has been compiled; merging 
different sources from more than 8000 stations over the globe, with time series long enough to 
perform an extreme value statistical analysis. Some of these data are daily, but many are collected 
on a monthly basis. This poor temporal resolution hampers the representativeness of the data for 
the extreme value analysis. Therefore, such time series have been downscaled using a stochastic 
technique able to preserve mass and statistical properties at the monthly scale and mimics the 
statistical properties at daily scale. The algorithm has been extensively calibrated and validated in 
sites where daily records are available. A statistical regional analysis has been performed on the 
daily series in order to compute extreme discharge values in all relevant locations around the globe. 
The use of a regionalization technique presents some crucial advantages: the sample size used for 
estimation increases as time series falling into homogeneous groups can be used together, forming a 
longer non-dimensional time series thus reducing uncertainty in the estimation of rare quantiles; as 
a second advantage, the performance of the regression on the geomorphological and climatological 
variables is expected to improve for the “index discharge” (i.e. a value close to the average of the 
time series) used to compute quantile values at different locations, in comparison to regression on 
higher quantiles (resembling extreme events), as the “index discharge” is expected to be more 
intimately linked to the local climatology and better represented by hydrologic models.  

A continuous, distributed and physically based hydrologic model, the Continuum model29, 30, was 
used to improve the regression through the climatological variables and provide insight in locations 
where the “index discharge” is not derivable from observations. The model was forced with the EC-
Earth Global Climatic Model outputs after a bias correction of the temperature and precipitation 
fields based on global observed grids (i.e. CRU Temperature data, CHIRPS).  

Once the discharge quantiles are determined, the results are the input to a simplified hydraulic flood 
model. The model draws hydraulic cross-sections where the flood level is computed from the 
stream-flow value resolving the Manning equation. Levels are then interpolated on the basis of the 
local relative morphology. Several modifications have been introduced to this basic idea in order to 
take into account the longitudinal hydraulic connectivity among sections, especially in the large flood 
plains allowing for braiding of the river and taking into account back water effects. 
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