Decision making about how to manage the flood hazard.

Flood Magnitude and Frequency

Flooding is a worldwide hazard and can occur in all environments, including flash flooding in desert and semi-desert areas. Floods show the magnitude and frequency relationship below:

The actual figures vary for each drainage basin and are important information for planners and inhabitants at risk, as well as engineers planning flood alleviation schemes. Recurrence intervals are calculated using the formula

Recurrence Interval =  (n+1)

(return period)               / r

where n is the number of discharge levels in the record and r is the rank of that discharge. The data record shows that the flood hazard has increased over the last few decades. Using the return period information, the statistical probability that a magnitude will be equalled or exceeded can be calculated.
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The responses to flooding depends on money, knowledge, perception, technology, the characteristics of the flooding and the success of the prediction and fore-warning. When deciding whether to act the managers will undertake a cost-benefit analysis – how much would a flood defence scheme cost and how much losses would it save over what time period. To calculate such decisions a flood frequency curve a might be used.
Type of Responses include

· Bearing the loss – flooding is seen as a part of life and if it happens losses have to be paid for.
· Emergency action (e.g. evacuation, sandbags) trying to deal with the flood as it happens.
· Flood proofing e.g. reduce damage to buildings by controlling seepage by sealing walls.

· Land-use zoning e.g. planning control restricting flood plain developments

· Flood insurance – so that people can claim if they suffer losses.
· Flood control e.g. levees, canalization, relief channels, or afforestation and reservoirs upstream. (either by hard or soft engineering)
Different groups within a drainage basin will perceive floods in various ways…

Some perceptions are positive e.g. a Crickhowell school pupil may think ‘good no school tomorrow.’ In agricultural societies for example Egyptian/Banglesdeshi/Nigerian subsistence farmers – seasonal flooding means  irrigation and so crops can be grown.

Most perceptions will be negative

· more so if you live nearer the floodplain

· more so if you are older (?)

· more so if you are female (?)

· based on socioeconomic status (?)

· based on past experiences (PTSD)
· based on length of residence (in area with hazard)

· based on whether you are insured!

· more so if you stand to make an economic loss

Different political regimes have different management perceptions and policies.
	China
	Germany

	Engineering flood protection 

has to serve as the main flood risk management measure to ensure the economic development in flood plains due to population pressure.
	German risk management, on the

other hand, combines other management instruments such as spatial planning in addition

to engineered flood protection.

	In China different ‘actors’ show great confidence in existing flood protection measures and risk management organizational features. 
	whereas in Germany, the

importance of risk awareness raising activities is strongly advocated.

	Flood risk is perceived to be controllable and predictable with “scientific methods” in China, which displays a strong belief in a technical approach.
	In Germany, on the contrary, uncertainty in flood risk management has penetrated into the authorities’ mental maps despite the engineered protection measures.

	Risk communication takes place in a top-down structure in China and is more intensive during flood events.
	In Germany risk communication is horizontal and occurs in a participatory manner also during “flood free” periods.

	In China a central government can impose decisions without opposition to forge action
	In Germany different stakeholders can argue and finding a consensus delays the necessary action taking.


How does benefit-cost analysis help make decisions about flood management? 

The Environment Agency uses benefit-cost analysis to help decide whether it is worthwhile to undertake a scheme and the best solution.  For each project a series of possible options will exist, including doing nothing. Benefits and costs for all ‘do something’ options need to be compared to those of the ‘do nothing’ case.

Each ‘do something’ option will have costs, to implement the scheme initially and then to continually maintain it, whereas the ‘do nothing’ option has no costs.  

	 Example
	Costs and benefits £000

	 
	 Option 1
	 Option 2
	Option 3
	Option 4
	Option 5

	 
	Do nothing
	Do minimum
	Small project
	Medium project
	Large project

	Standard of protection
	 
	 
	1 in 25 years
	1 in 50 years
	1 in 100 years

	Total costs
	0
	750
	2,000
	4,500
	25,000

	Value of damage
	25,000
	15,000
	12,000
	6,000
	3,000

	Value of benefit
	 
	 
	8,000
	17,500
	24,000

	Net present value (benefit - cost)
	 
	 
	6,000
	13,000
	-1,000

	Benefit/total cost ratio
	 
	 
	4.0
	3.9
	1.0


Activities

· The example shows how looking at the benefits and costs helps make a decision.  The best solutions have the highest ratio of benefits to costs, and the highest present value.  Which option/s would you choose from the example above?

· Now study the flood management plan for Bewdley, which shows the costs and benefits of protection from a 100-year event.  Set up a spreadsheet like the one below, then use the data to work out the net present values and benefit-cost ratios for each option.  Add a note about the environmental impact of each option, then decide on the best solution.

Costs and benefits of the options for Bewdley

	
	Costs and benefits £M

	
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5
	Option 6
	Option 7

	
	Do nothing
	Do minimum
	Storage upstream
	Hard defences
	Upstream storage & bypass tunnel
	Dredging
	Bypass tunnel

	Total costs
	
	
	
	
	
	
	

	Value of benefit
	
	
	
	
	
	
	

	Net present value (benefit - cost)
	 
	 
	
	
	
	
	

	Benefit/total cost ratio
	 
	 
	
	
	
	
	

	
	
	
	
	
	
	
	


Bewdley Case Study: What solutions were been proposed?
As a result of the 2000 floods it was obvious a solution needed to be found. First the Environment Agency produces a Catchment Flood Management Plan. This plan looks at the catchment as a whole and has an action plan that identifies how the impact of flooding can be reduced, through flood warning and control of development, and how the probability of flooding can be reduced through flood defences and land management. If new flood defences are required, a strategy examines options in detail. 

The Environment Agency considered these options for Bewdley:

Option 1 - Do nothing Flooding would continue and get worse. Further banks would collapse, perhaps blocking the river flow, and some properties may be abandoned. Eventually the town may go into decline.

	Total costs 
	£0 

	Value of benefit 
	£0 



Option 2 - Continued maintenance Present flooding would continue and worsen, although maintenance of river banks and structures would prevent collapse and blockages.
	Total costs 
	£0.2M 

	Value of benefit 
	£0.3M 



Option 3 - Upstream storage A flood storage dam could be built at Dowles, 1km upstream of Bewdley. However the volume of storage would be restricted, as roads, railway and properties surround the site. In a 1 in 100 year flood the peak flow is 670M3/sec; a storage dam on this site would reduce the river flow to only 650M3/sec, compared with a flow of 325M3/sec needed to prevent flooding in the town.
	Total costs 
	£15M 

	Value of benefit 
	£0.5M 



Option 4 - Hard defences in Severnside North and South Permanent walls along the Severn would be visually intrusive and were opposed by residents. Instead a proposal for demountable defences was put forward, similar to those used elsewhere in Europe for over twenty years. With a height of 2.7m these defences would protect 150 properties from a 1 in 100 year event. When a high flow is forecast the Agency Flood Warning gives at least 24 hours to bring in and put up the barriers.

	Total costs 
	£6.9M 

	Value of benefit 
	£7.5M 



Option 5 - Upstream storage and bypass tunnel This proposal would combine a new dam upstream of Shrewsbury, allowing flooding of farmland in the Severn Valley, and building a bypass tunnel around Bewdley. Four tunnels 6 metres in diameter would be needed to take sufficient of the 100-year flow to protect the town. This proposal would not be environmentally acceptable.

	Total costs 
	£350M 

	Value of benefit 
	£0.5M 



Option 6 – Dredging To be effective the river cross-section would need to be increased by 2 metres from Bewdley to Worcester (50Km), and by 1 metre from Worcester to Gloucester (40Km). Bridges, river walls and quays would need underpinning and the river would need to be constantly dredged to avoid silting up. The environmental impact on flora, fauna and the appearance of the river would be severe.

	Total costs 
	£68M 

	Value of benefit 
	£0.8M 



Option 7 - Bypass Tunnel It would be possible to build a bypass tunnel to take the 100-year flow of 670M3/sec. A 6 metre tunnel would carry about 10% of this flow, so six would be needed to reduce water levels sufficiently. However backwash from the outfall downstream of Bewdley would still lead to significant flooding.

	Total costs 
	£470M 

	Value of benefit 
	£0.5M 


The Environment Agency has to make an Environmental Impact Assessment and a cost-benefit analysis. The Environmental Impact Assessment looks at likely impacts on residents, wildlife and habitats, water and air quality, cultural heritage, landscape, soils, noise, transport and access. The cost-benefit analysis helps decide whether it is worthwhile to undertake a scheme and the best solution.

More recently it has been decided to build permanent flood wall embankments (bunds) to protect Upton-on-Severn. The cost benefit ratio for ‘experimental’ ‘invisible’ , ‘self-raising’ demountable defences was 1.2 and were a preferred option for some on environmental grounds. They ‘invisible’ defence would not spoil the view of the river in normal flow conditions and therefore would not affect the environment, tourism or property values.
Reference: http://wsmweather.co.uk/?p=1475 
The current scheme for a flood wall with a standard of protection equivalent to a flood once in every 150 years has a total cost £2,353,000 for the Waterfront scheme. This is compared to the benefits of £4,446,000 for protecting the Waterfront to this standard. This produces a scheme for the Waterfront with a cost benefit ratio of 1.89.
The self raising flood barrier was considered not resilient enough. This produces cost of this scheme of £3,939,000 which compares to the benefits of £4,446,000 and producing a cost benefit ratio of 1.13. 
Source: http://www.upton.uk.net/archives/floods/defences/FloodAlleviationSchemeWaterfrontProposals.pdf 

The flood wall was given planning permission by Malvern District Council for construction in Spring 2011.
�





1. What would be the magnitude of a 10 year and a 50 year flood? 











2. Describe the relationship between flood discharge and recurrence interval?
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