Flood forecasting

Flash-Flood sub-case proposal
(Flash flood urban warning integrated system 

based on ESPADA tool operational since 2005)

1. Narrative explanation

The Mediterranean urban areas are often crossed by many small rivers or “caderaux”. This complex hydrographic network is most of the time absolutely dry, but potentially fed by large karstic watersheds around the cities.  

Often at the end of the summer and in the autumn,  heavy and almost stationary thunderstorms occurs (called “V supercells” fed by the still warm waters of the sea and early cold air advections at upper levels) resulting in a sudden overflow of the network  and catastrophic flooding over some neighbourhoods and sometimes whole the towns.

In collaboration with public and private organizations, the city of Nîmes operates an integrated  real-time urban flash flood management tool that combines current technologies for measurement, telecommunications and hydrographic models.

The system includes :

· A network of ground sensors (measures of rainfall accumulation and discharges)

· A network of radars  (real-time rainfall accumulation and intensity)

· A nowcasting  system for rainfall accumulation (based on observed radar data and  2PIR method)

· 1D runoff hydrographic models (GR4 and RERAM)

· A statistical  model  (based on past events) to identify the probable flood scenario, because it is not possible to run (in real time) a 2D flood model to simulate the stream across the streets after overflow of  the storm drainage network  (too CPU time consuming regarding the emergency response time scale) 

· Visualization systems (meteorological data )

· Cameras placed on a few strategic locations supplement these observations.
· Alert Systems
2. High level Use-Case

	Use Case Description

	Name
	Flash flood urban warning integrated system

	Priority
	High

	Description
	Real-time urban flash flood management tool

	Pre-condition
	Meteorological situation conducive to heavy and almost stationary thunderstorms  (“V supercells”)

	Flow of Events – Basic Path        

	Step 1
	acquisition of real-time observed data ( discharges, rainfall amount from surface sensors and radars)  

Acquisition of short-term forecast for rainfall accumulations 

	Step 2
	Process the data in real-time to simulate and forecast the discharges : Hydrographical model (GR4) upstream the urban area, and another model for the urban area itself (RERAM)

	Step 3
	Automated  identification of the flood scenario which most likely corresponds to the expected discharges (simulated) and past events.

	Step 4
	Visualize the results (real-time data, model output, risk map)

Human assessment of the risk facing the flooding scenario

	Step 5
	Ignition of the warning plan depending on the risk

	
	

	
	


Overview of watersheds (dark green) , surface sensors : rain gauges and discharges gauges

Nîmes  (Gard, France)
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Overview of watersheds (dark blue)  and areas of interest  for radar accumulations  (almost-rectangular areas)

Nîmes  (Gard, France)
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Overview of the resulting risk map over an urban area 

Nîmes (Gard, France) 
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3. Detailed Use-Case Diagram

The initial use-case has been split  in order to isolate sub-cases related to the INSPIRE themes “Atmospheric Conditions” and “Meteorological Geographical Features” .  Hydrology is actually the business core of this use-case, the meteorological sub-cases are intended to provide weather data (essentially rainfall accumulation observations and very short-range forecasts – “nowcasting”).

Meterological  4 sub-cases would be  :

· Visualize real-time meteorological data  to assess the meteorological situation and how it evolves. At least :

· Radar data (rainfall accumulations and intensity)

· Surface observations (rainfall accumulations)

· Nowcasting (rainfall accumulations)

Ideally :

· All data related to convective cell activity ( lightning, satellite imagery - especially IR bands, cell track,  fine mesh non-hydrostatic models)

· Retrieve observed rainfall data  for visualisation, and as input of the hydrological “runoff”f model

· Radar data (accumulations, basin accumulation,  intensity)

· Surface observations (rainfall accumulations)
· Retrieve rainfall nowcasting data for visualisation and as input of the runoff model

· Rainfall accumulation over a watershed (based on radar data)

· Retrieve meteorological data from past events in order to calibrate the hydrological models

· Observed radar data (rainfall accumulation)

· Surface observations (rainfall accumulations)
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Discharge nowcasting

































































































































Calibrate the model
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Identify a flood scenario
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Vizualize real time data
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4. Detailed structured description of meteorological sub-cases (mainly data accès)

	Use Case Description

	Name
	Retrieve observed rainfall data

	Priority
	

	Description
	Information type : 

Surface observation (point, point series)

Radar data (imagery, gridded data)

Radar data (rainfall amount over a  domain)

	Pre-condition
	

	Flow of Events – Basic Path          (Data queries)

	
	Catalog access

Query AvailableDatasets 

          phenomenon       [rainfall accumulation, rainfall intensity]  

          areaOfInterest     [BBOX]

          temporalExtent    [Period] )

Note : The semantics of temporalExtent is that of samplingTime (or phenomenonTime) in O&M (OGC Observations & Measurements)



	
	Data access 

Query SurfaceObservation 

          dataType             [point, pointSeries]

          phenomenon       [rainfall accumulation  5’,15’,30’,60’]  

          areaOfInterest     [BBOX , Polygon]

          temporalExtent    [Period, Instant, default=Last]

Notes : 

- the accumulation period is part of the phenomenon



	
	Data access

Query RadarData

          dataType            [gridFeature,  gridSerieFeature, 

                                            scanningRadarFeature, (imagery)]

          phenomenon       [rainfall accumulation 15’,30’,60’] 

          areaOfInterest     [BBOX]

          temporalExtent    [Period, Instant, default=Last]



	
	Data access

Query RadarData (

          dataType            [gridFeature,  gridSerieFeature, 

                                            scanningRadarFeature, (imagery)]

          phenomenon       [rainfall intensity, reflectivity] 

          areaOfInterest     [BBOX]

          temporalExtent    [Period, Instant, default=Last]



	
	Data access

Query RadarData

          dataType             [point, pointSeries]

          phenomenon       [rainfall accumulation 15’,30’,60’] 

          areaOfInterest     [Polygon]

          temporalExtent    [Period, Instant, default=Last]

Note : 

- integrated amount of rainfall over a domain  (basin) defined by a polygon



	Flow of Events – Alternative Path

	
	none

	
	

	Data source :  Surface observation

	Description
	Rainfall amount (accumulation) for a time period,  from a network of sensors 

Area of interest : ~100 Km2       (whole system domain)
Time range for accumulation : 5’  6’ 15’ 30’  60’

Update frequency : 1’ 5’  (6’)

Number of platforms (stations) : ~30



	DataProvider
	NMHS, other private operator networks

	GeographicScope
	Limited area - system domain   ~100 Km2

	ThematicScope (INSPIRE)
	Atmospheric Conditions, Meteorological Geographical features

	Scale, resolution
	Discrete data (~30 stations )

	Delivery
	XML (GML)  or BUFR encoding

	Documentation
	

	
	

	Data source :  2 D radar rainfall amount (accumulation)

	Description
	2D radar rainfall amount (accumulation) 

Area of interest : ~100 Km2       (whole system domain)
Time range for accumulation : 15’ 30’ 60’

Update frequency : 5’



	DataProvider
	NMHS (National Meteorological and Hydrological Service)

	GeographicScope
	Limited area - system domain   ~100 Km2

	ThematicScope
	Atmospheric Conditions, Meteorological geographical features

	Scale, resolution
	Resolution : 1 km.   

	Delivery
	GRIB, GeoTiff 

	Documentation
	Data is self-documented

	
	

	Data source :  2D radar rainfall intensity

	Description
	2D radar rainfall intensity (Kg/m2/h)  or reflectivity (DBZ)  

Area of interest : ~100 Km2       (whole system domain)
Update frequency : 5’



	DataProvider
	NMHS

	GeographicScope
	Limited area - system domain   ~100 Km2

	ThematicScope
	Atmospheric Conditions, Meteorological geographical features

	Scale, resolution
	Resolution : 1 km.   

	Delivery
	GRIB, GeoTiff

	Documentation
	The data is self-documented

	
	

	Data source :  0D radar rainfall  amount over an area of interest

	Description
	Integrated rainfall amount (kg) over a watershed (polygon)

Area of interest : Few km2 

Update frequency : 5’



	DataProvider
	NMHS

	GeographicScope
	Limited area : hydrographic basin, hydrographic model domain, other area of interest

	ThematicScope
	Atmospheric Conditions, Meteorological geographical features

	Scale, resolution
	Resolution : Discrete data  (one point per area of interest)

	Delivery
	XML

	Documentation
	The data is self-documented

	
	

	
	


	Use Case Description

	Name
	Retrieve rainfall nowcasting data

	Priority
	

	Description
	Information type : 

Radar based  forecast (imagery, gridded data)

Radar based  forecast (rainfall amount over a watershed)

Very short range forecast : max offset 90’



	Pre-condition
	

	Flow of Events – Basic Path (Data queries)

	
	Catalog access

Query AvailableDatasets 

          phenomenon       [rainfall accumulation forecasts]  

          areaOfInterest     [BBOX]

          temporalExtent    [Period] )



	
	Data access

Query RadarBasedForecast

          dataType            [gridFeature,  gridSerieFeature, (imagery)]

          phenomenon       [rainfall accumulation 15’,30’,60’] 

          areaOfInterest     [BBOX]

          analysisTime       [Instant, default=Last]

          temporalExtent    [Period, Instant, default=Last]



	
	Data access

Query RadarBasedForecast

          dataType             [point, pointSeries]

          phenomenon       [rainfall accumulation 15’,30’,60’] 

          areaOfInterest     [Polygon]

          analysisTime       [Instant, default=Last]

          temporalExtent    [Period, Instant, default=Last]

Note : 

· integrated amount of rainfall over a watershed defined by a polygon

· forecast offset max : 90’



	Flow of Events – Alternative Path 

	
	none

	
	

	Data source :  2 D rainfall amount forecast (radar based)

	Description
	radar rainfall amount (accumulation) 

Area of interest : ~100 Km2       (whole system domain)
Time range for accumulation : 15’ 30’ 60’

Max forecast offset : 90’

Update frequency : 5’



	DataProvider
	NMHS (National Meteorological and Hydrological Service)

	GeographicScope
	Limited area - system domain   ~100 Km2

	ThematicScope
	Atmospheric Conditions, Meteorological geographical features

	Scale, resolution
	Resolution : 1 km.   

	Delivery
	GRIB, GeoTiff 

	Documentation
	Data is self-documented

	
	

	Data source :  0D rainfall amount forecast  over an area of interest

	Description
	Integrated rainfall amount (kg)  forecast over a watershed (polygon)

Area of interest : Few km2 

Time range for accumulation : 15’ 30’ 60’

Max forecast offset : 90’
Update frequency : 5’



	DataProvider
	NMHS

	GeographicScope
	Limited area : hydrographic basin, hydrographic model domain, other area of interest

	ThematicScope
	Atmospheric Conditions, Meteorological geographical features

	Scale, resolution
	Resolution : Discrete data  (one point per area of interest)

	Delivery
	XML

	Documentation
	The data is self-documented

	
	


	Use Case Description

	Name
	Retrieve data from past events

	Priority
	

	Description
	Information type : 

Surface observation (point, point series)

Radar data (imagery, gridded data)

The query model is the same as for real-time data 

	Pre-condition
	

	Flow of Events – Basic Path (Data queries)

	
	Note : the query model is  the same as those for real-time observed data, but the data source (at Meteo-France…) is not the same
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