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Introduction 

This document describes the data that forms the synthetic event set of Bangladesh tropical 

cyclones, part of the Oasis Platform for Climate and Catastrophe Risk Assessment – Asia, a 

project funded by the International Climate Initiative (IKI), supported by the German Federal 

Ministry for the Environment, Nature Conservation and Nuclear Safety. 

 

Datasets 

 

Two distinct sets of weather and climate data are used in the creation of the event set.   

Data from low resolution climate model simulations (Section 1.1) and high-resolution downscaled 
reanalysis data (Section 1.3).  Each source of data is translated into a storm footprint (SFP), 
describing the local maximum over the duration of the event.  A storm footprint is constrained in 

https://www.international-climate-initiative.com/en/nc/details/project/oasis-platform-for-climate-and-catastrophe-risk-assessment-asia-18_II_165-3018/
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space and time so that the footprint objects may be compared regards their information content, 
that differs only by the represented scales (representativity).  

1.1 Coarse climate model simulations  

The climate data used for the event set is based on data from the PRIMAVERA project 
(https://www-PRIMAVERA-h2020.eu). The PRIMAVERA project is a coordinated set of 
experiments designed to assess both a standard and an enhanced horizontal-resolution 
simulation of the atmosphere and ocean as CMIP6 candidate runs, providing State-of-Art climate 
modelling. Eight available simulations of current climatology over the 65- year period 1950 to 
2014 at 25km resolution are selected.  

• 3-member ensemble coupled ocean, contemporary forcing. PRIMAVERA designated 
experiment name 

HadGEM3-GC31-HM_highresSST-present_r1i1p1f1, ensemble member 1. 
HadGEM3-GC31-HM_highresSST-present_r1i2p1f1, ensemble member 2. 
HadGEM3-GC31-HM_highresSST-present_r1i3p1f1, ensemble member 3. 
 

• 3-member ensemble atmosphere only, contemporary forcing. PRIMAVERA designated 
experiment name  

HadGEM3-GC31-HM_hist-1950_r1i1p1f1, ensemble member 1. 
HadGEM3-GC31-HM_hist-1950_r1i2p1f1, ensemble member 2. 
HadGEM3-GC31-HM_hist-1950_r1i3p1f1, ensemble member 3. 
 

• Single coupled run with 8km high resolution Ocean PRIMAVERA designated experiment 
name.  

HadGEM3-GC31-HH_hist-1950_r1i1p1f1 
 

• Single coupled run with fixed forcing for the 1950ies, PRIMAVERA designated experiment 
name.  

HadGEM3-GC31-HM_control-1950_r1i1p1f1 
 

Eight realizations at 65 years each combined provide 520-year timeseries of contemporary 
climatology. The project also simulated future scenario ensembles, some of which were based on 
RCP 8.5 scenarios, though only current climatology scenarios were used in the event set.    

The event set is a physically realistic set of plausible events based on the climatic conditions of 
the period from 1950 to 2014. The simulation in each of the ensemble members has evolved 
independently from the others, from different initial conditions.  
 

1.2 Storm foot print selection 

Low resolution storm footprints consist of daily maximum wind speeds (Daily Maximum Near-
Surface Wind Speed) in m/s over a 72-hour period at each grid point for cyclones from the 
PRIMAVERA set at 25 km resolution. The 72-hour period is widely used in the insurance 
industry. 

https://www-primaveraprimavera-h2020.eu/
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The selection of cyclone events is guided by the Hodges (1995) storm track analysis (Roberts M., 
2019) picking the maximum along track wind speed as the mid-point of the 72-hour period.  
The storms selected for downscaling include events exceeding a 20 m/s threshold in along-track 
wind speed. The midpoint of the storm is identified from the storm track information.  The 72-hour 
period is centred on the time the tracking algorithm identifies as the maximum wind speed at 925 
hPa. Data were extracted for 36 hours either side of the mid-point. The nearest midnight was 
selected as the start time of the storm.  

1.3 Historical windstorm catalogue  

See report on WP D2.3.a.  Storm footprints have been produced by the dynamically downscaling 
of ERA5 reanalysis data to 4.4 km resolution.  Each footprint required the UM regional model to 
run at 4.4 km resolution from a time lagged initialisation point based on the same ECMWF ERA5 
reanalysis data set as boundary condition for a selection of recently observed tropical cyclones.  
See the documentation associated with https://oasishub.co/dataset/bangladesh-tropical-cyclone-
historical-catalogue for more details of this dataset. 

This dataset contains simulations of the following historical cases: 

 Name Landfall Date  

(DD/MM/YYYY HH:MMZ) 

IBTrACS ID 

BOB01 30/04/1991 00:00Z 1991113N10091 

BOB02 02/05/1994 15:00Z 1994117N07096 

BOB07 25/11/1995 09:00Z 1995323N05097 

TC01B 19/05/1997 15:00Z 1997133N03092 

Akash 14/05/2007 18:00Z 2007133N15091 

Sidr 15/11/2007 18:00Z 2007314N10093 

Rashmi 26/10/2008 21:00Z 2008298N16085 

Aila 25/05/2009 06:00Z 2009143N17089 

Viyaru 16/05/2013 09:00Z 2013130N04093 

Roanu 21/05/2016 12:00Z 2016138N10081 

Mora 30/05/2017 03:00Z 2017147N14087 

Fani 04/05/2019 06:00Z 2019117N05088 

Bulbul 09/11/2019 18:00Z 2019312N16088 

 

Each tropical cyclone comprises of a nine-member, 3-hourly time-lagged ensemble. Each 
ensemble member covers a period of 48 hours, once the initial 24-hour model spin is removed, at 
a resolution of 4.4km based on the Met Office Unified Model, dynamically downscaling ECMWF 
ERA5 data. 

1.4 The domain 

The different input datasets used to create the event set are converted to a common grid and 
domain.  The climate data are available from a regular 25 km resolution grid whereas the 
historical catalogue reports wind gusts at 4.4 km grid distance. Figure 1 shows the domain of the 
event set data in the red rectangle.    

https://oasishub.co/dataset/bangladesh-tropical-cyclone-historical-catalogue
https://oasishub.co/dataset/bangladesh-tropical-cyclone-historical-catalogue
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Footprints cover the whole Bay of Bengal domain, including pats of India and Myanmar.  For a 
scientific description of the event set please refer to the accompanying document “Bangladesh 
Tropical Cyclone Event Set: Scientific Documentation”. 

 
Figure 1  The domain for the synthetic event set is 10 to 38 N, 77 to 107 E shown as the red 

rectangle.   

 

Data Categories 

The data in this event set are all defined as event footprints. The event set footprint variable is the 
maximum wind gust at 10m height over the duration of the event for each grid point at 4.4km 
resolution. See the Data Metadata section for additional description of the dimensions. 

Data Inventory 

The following data files are made available on Oasis Hub: 
https://oasishub.co/dataset/bangladesh-tropical-cyclone-eventset.  
 
For convenience, the netCDF files have been collated into eight compressed tar archives. Each 

zipped tar file holds all footprints per climate model output stream (experiment). 

 
 
 
 
 
 

https://oasishub.co/dataset/bangladesh-tropical-cyclone-eventset
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File Name Data Volume 

HadGEM3-GC31-HH_hist-1950_r1i1p1f1.tgz 1.1GB 

HadGEM3-GC31-HM_control-1950_r1i1p1f1.tgz 1.3GB 

HadGEM3-GC31-HM_highresSST-present_r1i1p1f1.tgz 1.1GB 

HadGEM3-GC31-HM_highresSST-present_r1i2p1f1.tgz 894MB 

HadGEM3-GC31-HM_highresSST-present_r1i3p1f1.tgz 1.1GB 

HadGEM3-GC31-HM_hist-1950_r1i1p1f1.tgz 1003MB 

HadGEM3-GC31-HM_hist-1950_r1i2p1f1.tgz 1.2GB 

HadGEM3-GC31-HM_hist-1950_r1i3p1f1.tgz 1.3GB 

eventset.oasis.zip 380MB 

TOTAL 8.3GB 

 
 
 

File Naming 

Event set footprints files are named according to the following convention: 

 

fp.VAR.TIMEMETHOD.EXPERIMENT.TIMEPERIOD.NAME.MEMBER.RES.nc 

 

For example: 

 

fp.fg.T1Hmax.HadGEM3-GC31-HM_hist-1950_r1i3p1f1.20080901_20080904.VIYARU.7.4p4km 

 

where: 

 

VAR A short variable identifier of the variable contained within the netCDF file.  

Wind speed of gust, fg. 

TIMEMETHOD The time method, specifying if the var is a mean, min, max or point and the 

period of time over which the mean, min, max or point measure is found. See 

below for a more detailed description. 

EXPERIMENT The Met Office PRIMAVERA model type. Combination of experiment and 

ensemble member. (to retain granularity and allow for events on the same dates 

from different ensemble members)  

TIMEPERIOD The time period that the data spans, in the form START_END formatted as 

YYYYMMDD. 

NAME The name of the downscaled storm for the given time period. 

MEMBER The member (0-8) of the ERA storm ensemble 

RES The resolution of the dataset. Either 4p4km = 4.4km or 1p5km = 1.5km grid size. 
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.nc Indicates that this is a netCDF file. 

 

Variables 
This event set only covers wind speed of gust (fg) in m/s.  Note that where possible the variable 

names follow the CF Standard Names, http://cfconventions.org/standard-names.html. 

 

Time Methods 
Time methods are defined by the sampling period of the data and the sampling type applied to 

this period. The sampling period (or sampling interval) is hourly (T1H). 

 

The sampling type max (maximum). T1Hmax is interpreted as hourly maximum data. The event 

set data is all interpreted as hourly maximum data over the 3-day period of each event. 

Data Metadata 
Each netCDF file has metadata that describes the data file. The metadata should be considered 

the definitive source of file information. For a full understanding of the netCDF metadata 

conventions, please refer to: 

http://cfconventions.org/cf-conventions/cf-conventions.html. 

 

What follows is a short description of the output from the UCAR Unidata ncdump utility, which 

prints this metadata to screen.  

 

As an example: 

 

$ ncdump -h fp.fg.T1Hmax.HadGEM3-GC31-HM_hist-

1950_r1i3p1f1.20080901_20080904.VIYARU.7.4p4km.nc 

 

returns:  

 

netcdf fp.fg.T1Hmax.HadGEM3-GC31-HM_hist-1950_r1i3p1f1.20080901_20080904.VIYARU.7.4p4km { 

dimensions: 
    longitude = 642 ; 
    latitude = 691 ; 
    bnds = 2 ; 
variables: 
    float height ; 
        height:long_name = "height" ; 
        height:positive = "up" ; 
        height:standard_name = "height" ; 
        height:units = "m" ; 

http://cfconventions.org/standard-names.html
http://cfconventions.org/cf-conventions/cf-conventions.html
https://www.unidata.ucar.edu/software/netcdf/netcdf/ncdump.html#ncdump
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    float latitude(latitude) ; 
        latitude:axis = "Y" ; 
        latitude:standard_name = "latitude" ; 
        latitude:units = "degrees_north" ; 
    float longitude(longitude) ; 
        longitude:axis = "X" ; 
        longitude:standard_name = "longitude" ; 
        longitude:units = "degrees_east" ; 
    float time ; 
        time:bounds = "time_bnds" ; 
        time:calendar = "360_day" ; 
        time:long_name = "time" ; 
        time:standard_name = "time" ; 
        time:units = "days since 1950-01-01" ; 
    float time_bnds(bnds) ; 
    float wind_speed_of_gust(latitude, longitude) ; 
        wind_speed_of_gust:cell_methods = "area: mean time: maximum time: maximum" ; 
        wind_speed_of_gust:coordinates = "height time" ; 
        wind_speed_of_gust:grid_mapping = "latitude_longitude" ; 
        wind_speed_of_gust:units = "m s-1" ; 
        wind_speed_of_gust:standard_name = "wind_speed_of_gust" ; 
        wind_speed_of_gust:long_name = "Daily Maximum Near-Surface Wind Speed of Gust" ; 
    int latitude_longitude ; 
        latitude_longitude:grid_mapping_name = "latitude_longitude" ; 
        latitude_longitude:longitude_of_prime_meridian = 0. ; 
        latitude_longitude:semi_major_axis = 6378137. ; 
        latitude_longitude:semi_minor_axis = 6356752.31424518 ; 
        latitude_longitude:proj4 = "+proj=longlat +ellps=WGS84 +datum=WGS84 +no_defs" ; 
  
// global attributes: 
        string :History = "synthetic storm footprint: low resolution climate SFP", " 
Interpolated to high res grid (4.4km)", " CDF (quantile) qq-matching the value range 
towards 4.4km foot print", " select high resolution (HR) features from matching SFPs", " 
add HR features to low resolution (LR) SFP", " negative gusts set to zero." ; 
        :branch_time_in_child = "0.0" ; 
        :branch_time_in_parent = "3600.0" ; 
        :experiment = "coupled historical 1950-2014" ; 
        :experiment_id = "hist-1950" ; 
        :institution_id = "MOHC" ; 
        :parent_activity_id = "HighResMIP" ; 
        :parent_experiment_id = "spinup-1950" ; 
        :parent_mip_era = "CMIP6" ; 
        :parent_source_id = "HadGEM3-GC31-MM" ; 
        :parent_time_units = "days since 1950-01-01" ; 
        :parent_variant_label = "r1i1p1f1" ; 
        :source = "HadGEM3-GC31-HM (2016): \naerosol: UKCA-GLOMAP-mode\natmos: MetUM-
HadGEM3-GA7.1 (N512; 1024 x 768 longitude/latitude; 85 levels; top level 85 
km)\natmosChem: none\nland: JULES-HadGEM3-GL7.1\nlandIce: none\nocean: NEMO-HadGEM3-GO6.0 
(ORCA025 tripolar primarily 0.25 deg; 1440 x 720 longitude/latitude; 75 levels; top grid 
cell 0-1 m)\nocnBgchem: none\nseaIce: CICE-HadGEM3-GSI8 (ORCA025 tripolar primarily 0.25 
deg; 1440 x 720 longitude/latitude)" ; 
        :source_id = "HadGEM3-GC31-HM" ; 
        :source_type = "AOGCM" ; 
        :variant_label = "r1i3p1f1" ; 
        :nco_openmp_thread_number = 1 ; 
        :comment = "Supported by the International Climate Initiative (IKI) and the 
Federal Ministry for the Environment, Nature Conservation and Nuclear Safety, based on a 
decision of the Germany Bundestag" ; 
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        :contact = "enquiries@metoffice.gov.uk" ; 
        :history = "(1.0) Initial release" ; 
        :institution = "Met Office, UK" ; 
        :mip_era = "CMIP6" ; 
        :nominal_resolution = "4.4km" ; 
        :title = "Tropical Cyclone Event set footprint over Bangladesh" ; 
        :variable_id = "wind_speed_of_gust" ; 
        :Conventions = "CF-1.7" ; 
        :data_type = "grid" ; 
        :date_created = "20200429T21:46:05" ; 
        :geospatial_lat_max = "37.9725" ; 
        :geospatial_lat_min = "10.0275" ; 
        :geospatial_lat_resolution = "0.04" ; 
        :geospatial_lat_units = "degrees_north" ; 
        :geospatial_lon_max = "102.9725" ; 
        :geospatial_lon_min = "77.012" ; 
        :geospatial_lon_resolution = "0.04" ; 
        :geospatial_lon_units = "degrees_east" ; 
        :id = "fp.fg.T1Hmax.HadGEM3-GC31-HM_hist-
1950_r1i3p1f1.20080901_20080904.VIYARU.7.4p4km.nc" ; 
        :spatial_resolution = "4.4km" ; 
        :keywords = "Bangladesh, event set, scale separation, footprint, Met Office" ; 
        :product_version = "v1.0" ; 
        :project = "Oasis Platform for Climate and Catastrophe Risk Assessment, Asia" ; 
        :standard_name_vocabulary = "NetCDF Climate and Forecast (CF) Standard Names 
version 51" ; 
        :summary = "Tropical cyclone event set data over Bangladesh, scale aware 
combination of PRIMAVERA experiment with dynamically downscaled ERA5 data using Met 
Office RA2T_CON" ; 
        :type = "float" ; 
        :source2 = "source combined with Copernicus Climate Change Service Information 
(C3S) ECMWF ERA5 / Met Office UM RA2T CON" ; 
        :licence = "Creative Commons Attribution 4.0 International (CC BY 4.0)" ; 
        :NCO = "netCDF Operators version 4.7.5 (Homepage = http://nco.sf.net, Code = 
http://github.com/nco/nco)" ; 
}   

 

Notice that this is split into several sections, and describes the data as follows: 

Dimensions 

dimensions: 

     latitude = 691 ; 

    longitude = 642 ; 

    bnds = 2 ; 

 
 

Variables 

There is only one variable in the event set, Maximum Wind Speed of Gust. Notice that it has 

several attributes associated with it, and information describing its dimensions. For example: 

 

mailto:enquiries@metoffice.gov.uk
http://nco.sf.net/
http://github.com/nco/nco


 

 

 

 

Page 10 of 12 

 

float wsgmax(latitude, longitude) ; 

            wsgmax:standard_name = "wind_speed_of_gust" ; 

            wsgmax:long_name = "Maximum Wind Speed of Gust" ; 

            wsgmax:units = "m s-1" ; 

            wsgmax:cell_methods = "area: mean time: maximum time: maximum" ; 

            wsgmax:grid_mapping = "latitude_longitude" ; 

            wsgmax:coordinates = "height time" ; 

 

Describes the variable wind_speed_of_gust. It shows that the data is of type float, and is 

described using 3 dimensions (time, latitude, longitude). There follows additional 

metadata specific to this variable, such as the units, and standard_name. 

 

Global Attributes 

The global attributes contain additional meta data information applicable to the whole file. Note 

that this includes the data licence, product version number and project information. 

 

Oasis LMF Files 

Binary files compatible with the Oasis LMF have been derived from the fp.fg.T1Hmax netCDF 
files.  This is a two-step process, firstly converting the binary netCDF arrays into a flat CSV file, 
then using ktools to convert these into the Oasis binary format. 
 
The set of Oasis compatible files comprises of damage_bin_dict.bin, events.bin, 

footprint.bin and footprint.idx.  Please note that we deliberately provide an 

occurrence.bin file only in conjunction with the cautionary text below. The event set is provided 

in this format assuming the footprints are independent of each other. See the ktools 
documentation for further descriptions of these files.   
 
Different interpretations of the occurrence file are possible. One implementation of each event is 
that they are deemed independent of all other events, thus loss can be described on a per hazard 
basis. Alternatively, one could also perceive each of the eight PRIMAVERA streams as an 
independent realization of the current climatology. Another interpretation may be to view the 11 
versions of each of the PRIMAVERA storms as an ensemble of possible detail, given the same 
large-scale synoptic situation. We caution the interpretation of dates in the event set to further 
investigate interannual variability or even temporal clustering of cyclone events. This would in our 
view over-extend the purpose of the event set. The PRIMAVERA streams are initialized and in 
part forced by observed sea surface temperatures but otherwise free running. Therefore, they 
may not be regarded as attempts to simulate temporal detail of the observed climate. The 
matching algorithm selects the HR part of 11 best matching storms out of the pool of 117 storms 
(13 named storms times their 9 respective members). This may be several named storms 
occurring at different times and different members, hence the un-even distribution of named 
storms (see Fig 12 in the Event set science description). However, the occurrence file allows for 

https://github.com/OasisLMF/ktools
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multiple events per simulated year. This brings the ratio of events per storm year to 6113/4243 in 
a simulated period of 5720 years in total. 
 
 
Additional CSV files eventset.oasis_areaperil_dict.csv and 

eventset.oasis_event_dict.csv provide lookup tables relating unique AREAPERIL_IDs with 

their longitude and latitude values, and EVENT_ID with their storm names.  File 
eventset.oasis_intensity_bin_dict.csv relates intensity bins with their corresponding gust 

speeds. 

ktools conversion 

Ktools conversion uses the following commands 
 
    damagebintobin < eventset.oasis_damage_bin_dict.csv > static/damage_bin_dict.bin 

    evetobin < eventset.oasis_events.csv > input/events.bin 

    footprinttobin -i 115 -n < eventset.oasis_footprint.csv > static/footprint.bin 

    occurrencetobin -P 5720 < eventset.oasis_occurrence.csv > input/occurrence.bin 
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