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Following on from the River Lavant Decision making exercise you are now considering how flood flows should be forecast.  

Your task

Flood prediction is a key issue in flood prone areas. The earlier that predictions can be made, the more can be done on the ground to alleviate the problems that flooding can cause.

It is impractical to prevent all flooding, and extreme events will always be likely to breach the best designed and constructed flood defences.

You will work in-groups to develop a specification for a flood prediction model that can predict out of channel flows in the River Lavant and which can be implemented on computers. You do not have to write software, but you will need to map all the various flows occurring in the river system, and indicate what algorithms (equations) should be used to calculate these various flows, and also indicate how they inter-relate. You will need a conceptual model (showing sources, flows and sinks), and a computational model that shows the algorithms that apply to each flow.

The previous pack gave you details of the River Lavant catchment. This supplementary pack contains some information about developing a flow-forecasting model. 

Your work (the conceptual and computational flood prediction model) should be mounted on one poster, not larger than A1,  (flip chart paper size). You will have 5 minutes to present the key points from your poster and discussions to the other groups and the assessors.

Advice on poster design and presentation tips can be found in Kneale, P.E. 2002 Study Skills for Geography Students: a practical guide, Arnold, London (Chapters 10 and 23). 

Developing a Flow Forecasting Model (tips)

In order to develop a flow-forecasting model, you have first to understand the major features of the real hydrological system. Some minor features may have little impact on the overall flow pattern, but to begin with, you should still map them, and only discount them when you are satisfied that they will be insignificant.

Then, you have to develop a simplified representation of that system, which maps all the individual flow paths, and at this stage treats them as separate entities. 

Theory can be applied to each element of flow, yielding equations that specify flow rates. 

Some flows may be ‘discontinuous’ as if someone was turning on and off a tap, and in these situations, further statements have to be made which define the conditions under which the tap is turned on or off.

All this put together can yield a model which can be represented on a computer (which you don’t have to do), and which can then be tested to attempt to verify the model, or provide feedback about inaccuracy. The process becomes iterative: analyse errors, adjust the model and test it again, and repeat the cycle until the model is sufficiently accurate. It may be that some of the early assumptions about insignificant impact may be wrong, so it is important to record those assumptions so that they may be later reviewed, and if necessary, introduced into the model.

Some questions that may help you to produce a model outline:

1. What are all the water flows within the catchment?

2. Where is water stored in the catchment (and under what conditions does a store either overflow or start to empty)?

3. Where does the water come from (what are the sources)?

4. How do the flows inter-relate (how and where do they combine)?

An Example

It might help to consider a simple example - take a typical house, and consider modelling the flow into the sewer. The major source of water is the main that supplies water to the house. There may be three actions in the house that cause water to flow to the sewer: a shower, the kitchen sink and the toilet. All three are interruptible, and specific conditions determine when flows to the sewer occur. This is considered in detail on the following pages.

For more complex examples of this kind of model look at Huggett and others
. Figure 1.6 in Huggett is an energy balance model not a water balance model, but it will help you to consider the interactions between elements of flow in the River Lavant catchment, and how to represent these.

The conceptual water flows for the house might be shown in a diagram like this:
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There is a standard set of symbols that are used for such diagrams:
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 Each of the calculations can be considered separately, so that the sink flow may be defined as:
Sink: 
Q2 = C2 / t2 where 

Q2 is the flow (ls-1) - this is the value we are interested in.

C2 is the sink capacity (l) - this may be measurable

t2 is the time the sink takes to empty (s) - this is probably an unknown

To model this completely, some fieldwork may be necessary to find out how long it takes the sink to empty. The time will almost certainly be a complex function of the design of the sink, and the pipes connecting it to the sewer (and may be confused by factors such as how much muck is stuck in the u-bend beneath the sink).

Loo: 
Q1 = C1 / t1 where 

Q1 is the flow (ls-1)

C1 is the loo cistern capacity (l)

t1 is the time the loo takes to flush (not refill) (s).

Shower: Q3 is the flow in litres per second (ls-1) from the showerhead. This might be determined by measuring the time taken to fill a 5-litre container, and is a constant whilst the shower is running, and 0 when it is not. This assumes there is no plug in the shower drain!

In all three cases, some fieldwork might be necessary to measure typical values of key variables.

With all this information, the computational model can be constructed:
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This shows that in order to complete the modelling task, some sensors are needed to indicate when the loo, shower or sink is active. If none are active, the flow is zero.

In the case of the Lavant catchment, some flows are certainly interruptible, and it will be necessary to attempt to define ‘on’ and ‘off’ conditions, or at least indicate how this will be determined.

In your modelling process, you may need to consider to what extent and how a particular flow can be calculated. Ground water flows in particular are complex three-dimensional issues, and it is unlikely that a single equation can define ground water flow over a significant area of the catchment. 

One method of handling this is to break up an area into a series of arbitrary elements, aligned so that the calculations for each element are relatively simple, and then add the elements together. In this way you can consider a number of small similar elements and add them together. Computers are good at this sort of thing, where large numbers of similar calculations are required.

The water balance in each element of ground can be considered separately.

Questions to consider is this respect are:

1. In what direction does ground water flow (thus, how is it best to define small elements of ground)?

2. What calculations can be performed to determine ground water flow through unsaturated and saturated ground?
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� Huggett, RJ: Modelling the human impact on nature: systems analysis of environmental problems, Oxford University Press, Oxford, Oxford Figure 1.4, p14;   Figure 1.6, p18; Figure 4.1, p81; Figure 5.7, p116;   Figure 6.1, p130;


Anderson, M.G. (ed.): Modelling Geomorphology, Wiley, Chichester, p12 (the schematic SHE diagram, which is available in many other texts) Fig 8.10 p248.


Thompson, R.D. and Perry, A. (eds.) 1997 Applied Climatology: principles and practice, Routledge, London Figure 17.1, p 230
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