Desmond Yaw Manful?!, Yi Het, Hannah Cloke?!, Florian Pappenberger3, Zhijia Li%, Fredrik Wetterhallt, Yingchun Huang? and Yuzhong Hu

Development of web-based services for an ensemble flood forecasting and risk assessment system

1 Department of Geography, King’s College London, UK (desmond.manful@kcl.ac.uk); 2 Department of Hydrology and Water Resources, Hohai University, Nanjing, China (zjli@hhu.edu.cn)

3 European Centre for Medium-range Weather Forecasts (ECMWF), Reading, UK (florian.pappenberger@ecmwf.int); 4 , Hydrological Bureau of Anhui Province, Hefel, China (jxxbc@163.com)

“The latest HPC technology combined with detailed terrain data achieves better understanding of flood risk for specific end-users”

Development of web-based services

Flooding 1s a wide spread and devastating natural disaster across the globe. It 1s the worst natural disaster in the
UK. Annual flood damage in the UK 1s about £1.5 billion and expected to increase to £3.5 billion over the next few
years (Association of British Insurers). Floods that took place in the last decade in China were ranked the worst among
recorded floods worldwide in terms of the number of human fatalities and economic losses (Munich Re-Insurance).
Against this background, the establishment of effective flood event forecasting and risk analysis systems has become a
priority, especially in many flood prone countries including China and the UK. The latest High Performance
Computing (HPC) technology combined with detailed terrain data achieves better understanding of flood risk for
specific end-users. Web-based interactive geographical interfaces offer an intuitive way of accessing, mining, and
visualizing spatial maps. We present the development of web-based services for the Novel Early flood Warning
System (NEWS). Two pilot sites were selected 1n this study: (1) the Upper Severn, a meso-scale catchment (ca. 4062
km?) located in the Midlands region of England; (2) the Upper Huai catchment (ca. 30672 km?) located upstream of
the Huai River which 1s mid-way between the Yellow and Yangtze Rivers. TIGGE ensemble forecasts from a number
of meteorological centres with 10-day lead time were extracted and disaggregated to drive the hydrological models to
forecast discharges. The meteorological data, hydrological data and other required data are physically located in
difference places, so are the processing algorithms and models. A web-based platform based on Grid middleware 1s
used to solve problems related to spatial and temporal distribution of data and algorithms. An attempt is made to
produce end-user specific forecasts. The network layout and schematic flowchart of the NEWS prototype together
with website screenshots 1s presented 1n this poster. NEWS is expected to satisfy the unmet technological demands in
the field of flood prediction and risk analysis. Such interactive web-based services will bring significant benefits and
commercial value to both private and public sectors.

Schematic flowchart and network layout

The NEWS platform unlike current flood forecasting system is able to: (1) incorporate multiple weather
forecasts and post-forecast data processing into one system to achieve reliable flood warning (2) assess uncertainty
and risk of an ensemble forecasts (3) Provide API Web services with interactive flood risk mapping (4) make use of
advances 1n HPC environments. NEWS provides web-based services to a broad spectrum of end-users in different
geographical locations. Figure 1 illustrates the NEWS schematic flowchart starting with the the THORPEX
Interactive Grand Global Ensemble (TIGGE) archive. The TIGGE data archive provides meteorological (Meteo)
forecasts for the NEWS system. The Meteo data will be retrieved from one of three data portals (ECMWE, NCAR or
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THORPEX INTERACTIY¥E GRAND GLOBAL ENSEMELE Forecasts:

Qrigin Time - 00;00:00 & 12:00:00
Time Step - 0:6:360 (15 days, & haurly)
Parameters:

10 Meter U Welocity

10 Meter W Yelocity

Land Sea Mask

Mean Sea Level Pressure
Crography

Skin Temperature

Snow Fall Water Equivalent
Soil Temperature

Surface Air Temperature
Surface Pressure

Time Integrated Surface Met Solar Radiation
Taotal Cloud Caver

Total Colurnn Wwater

Total Precipitation

& lkey component of THORPEX: a Waorld Weather Research
Programme to accelerate the improvements in the accuracy of 1-day
to 2 weel: high-impact weather forecasts for the benefit of humanity.

More information about TIGGE

The TIGGE data is available from the following portals:
ECMWF portal  http:/ftigge-portal .ecrnwf.int/

MCAR portal http:/ftigge .ucar.edu/

CMa portal http:Afwisportal.cra.goy.cnftioges

MEWS homepage = MEWS Flowchart

Novel Early flood Warning and Risk Assessment System
- a next generation expert system for flood warning and risk analysis

Move your mouse over for more details:

European Centre for Medium-Range Weather Forecasts X
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European Centre for Mediurn-Fange Weather Forecasts, Reading,

Europe

Forecasts:

Qrigin Time - 00;00;00 & 12:00;00
Time Step - 0:6:360 (15 days, & hourly)
Parameters:

10 Meter U Velocity

10 Meter W Yelacity

Convective Available Potential Energy
Land Sea Mask

Mean Sea Level Pressure
Qrography

Skin Termperature

Snow Depth Water Equivalent
Snow Fall water Equivalent

Sail Moisture

Soil Temperature

Sunshine Duration

Surface Air Dew Point Temperature
Surface Air Maximum Temperature
Surface Air Minimurm Temperature
Surface Air Temperature

Surface Pressure

Time Inteqgrated Outgoing Lang wave Radiation
Time Integrated Surface Latent Heat Flux

Time Integrated Surface Met Solar Radiation
Time Integrated Surface Met Therrmal Radiation
Time Integrated Surface Sensible Heat Flux

Tatal Cloud Caver
Total Column Water
Total Precipitation

[UKMO] 11 12 1 2 3 4 5

2006.10.01 2007
TIGGE ARCHIVE

into production

gency (IMAY, Tokyo, Japan and;

Meteorological Data Retrieval X

CMA portals). The raw Meteo data needs to pre-processed. This usually involves a downscalling or interpolation
procedure to meet the required data format and resolution of the hydrologic and hydraulic models (Hydro tools). A
correction procedure will be performed depending on the skills of the raw forecasts, which will be evaluated using
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The TIGGE data is available from the following portals:
ECMWF portal  http:Aftigge-portal.ecrmwf.int’

MCAR portal  httpidftigae .ucar.edof

CMA portal http:/fwisportal .crna.gov.cnstigges

MEW S retrieves data wia ECMWF using its newly launched
experimental batch access (find out more),

It involves two steps;

(1) access data using a script written in Perl or Python and save it in
the GRIB format, The request is expressed in terms of the MARS
language (see here for more details)

& sample script can be obtained from http:fftigge-portal .ecrwf.int
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[ Post-Processing }

Meteorological Data Pre-Processing X

Before feeding the TIGGE data to the Hydrologic-Hydraulic model
(Hydro) tools, the data needs to pre-processed, This usally invaolves a
downscalling ar interpolation procedure to meet the required data
format and resolution of the Hydro tools. Bias correction will be
performed depending on the skills of the raw forecasts, This step is
currently written in Matlab {to be converted to C or Fortran in the
near future for it to depend less on the aperating system and run at
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China Meteorological Administration, Beijing, China

Forecasts:

Qrigin Time - 00:00:00 & 12:00:00

Time Step - 0:6:240 {10 days, 6 hourly)
Parameters:

10 Meter U Velocity

10 Meter ¥ Velocity

Land Sea Mask

Mean Sea Level Pressure

Orography

Snow Depth Water Equivalent

Snow Fall Water Equivalent

Surface Air Dew Point Temperature
Surface Air Maximum Temperature

Surface Air Minimurm Temperature

Surface Air Termnperature

Surface Pressure

Time Integrated Surface Latent Heat Flux
Time Integrated Surface Met Solar Radiation
Time Integrated Surface Net Thermal Radiation
Time Integrated Surface Sensible Heat Flux
Total Cloud Cover

Total Column Water

Total Precipitation

Screenshot 1: second generation NEWS Software — Web-based

Service Platform — Severn River Catchment

Front-end API: Basic prototype - without Risk interpolator \ Configurable End-
user Settings

Back-end: Basic prototype - without Grid-middleware infrastructure and Covis
Visuals
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Screenshot 2: second generation NEWS Software — Web-based

Service Platform — Severn River Catchment
Prototype: Event Simulation 1 /Severn River near Monkmoor Wastewater

an optimal speed.)
Missing dates do exist in the forecasts from all centres.
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NEWS Application Programming Interface

MEWS API web service is to provide real-time and archived flood
forecasting services that can be assessed over internet to customers
around the world. The NEWS software package will be hosted and
executed on a designated server and respond to requested services,
Clients from different parts of the world can comrmunicate with a
server over the HTTP protocol. The abovementioned components can
be all acquired and displayed in real-time over the internet,

various scores. The Hydrol tools require a model initialisation using the observed precipitation (Pobs) and temperature
(Tobs). The flowchart 1s more elaborated on the webpage (http://news.nmpi.net/download/flowchart.htm). The
flowchart 1s the basis or the so called back-end of the NEWS web-based services. To realise such a flowchart 1n a real-
time forecasting environment presents challenges including (1) databases and codes that reside in different locations
and converge at different times and (2) data protection and security 1ssues. To overcome this hurdle the Grid
middleware product UNICORE is used (please refer to Figure 2 and Figure 3). UNICORE is a ready-to-run system
that makes distributed computing and data resources available seamlessly and provides robust interoperability through
strong security and workflow.

Development outlook

(1) How far can we model & visualize flooding? - global, national, regional, local, microscale? (2) Uncertainty
visualization in hazards maps; (3) Visualizing uncertainty for sector specific risk managers; (4) Uncertainty
representation of point and linear data; (4) Multimedia Atlas Information Systems (MAIS).
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Figure 1. NEWS schematic flowchart including the TIGGE Archive
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Figure 2. Relational illustration of UNICORE Grid middleware platform as applied to NEWS forecasting system
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