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	This research aims to evaluate the hydrological feasibility of the development of small, on-farm reservoirs, through hydrological modelling within a geographical information system (GIS). This will be investigated in the lowland River Sow catchment, Staffordshire.


	The basis of this investigation rests at a variety of scales involving both regional, catchment and local levels.  At a regional scale there are challenges of climatic variability and the reform of the Common Agricultural Policy (CAP).  At a catchment scale, issues of the promotion of integrated basin management and the interests of the Environment Agency are relevant. Finally, at a local level are the interests of the farmers who stand to gain economically and have more control over their water supply and the promotion of the conservation of wildlife.


	Climatically, there is increasing concern over falling rainfall levels, with only 1928/29 and 1975/76 having drier winter periods than this December-April over the last 100 years.  Currently river flows and groundwater levels are exceptionally depressed with the very parched soils producing difficulties for the farming community (Institute of Hydrology, 1997).  From April 1995 to January 1997, rainfall was 360 mm less than average in England and Wales.  This is the equivalent of missing four full months of winter rainfall.  The same patterns are reflected within the Sow catchment with rainfall decreasing from 882.9 mm in 1994, to 712.6 mm in 1995 and only 633.0 mm in 1996.


	Whilst, climate variability represents challenges at a regional scale, changing European land use policy could present water resource management opportunities.  The construction of these small on-farm reservoirs could be incorporated into CAP set-aside land management strategies which aim to reduce agricultural production.  Land included within the voluntary set-aside scheme after 1992 can be non-rotational and therefore could be used to accommodate small, balancing, stream-fed reservoirs to regulate peak and base flows.  This would have the further advantage of reducing the risk of winter flooding.


	At the catchment scale, flood control measures have traditionally involved modifications to channels or banks enabling the river to carry greater discharges.  Storm water is often contained by moving the peak wave more quickly downstream.  Levees have been extensively built on some rivers, however these isolate the river from its floodplain creating more disastrous effects in cases where the flood overtops the levee.  In contrast, flood abatement techniques tackle the problem at source by slowing down the rate at which storm water reaches the river channel.  The small, on-farm reservoirs proposed within this research would abate floods by increasing surface water storage capacity.  The pools could also increase summer flows either by direct regulated discharge to the channel or by providing water for abstraction which would otherwise come from the river.  Whilst local surface water management proposals are being made and implemented in the UK and elsewhere, little estimation of wider temporal and spatial hydrological impacts has been conducted.  This research proposes such impact evaluation to be undertaken through hydrological modelling. 


	Hydrological modelling generally takes one of two approaches: lumped (black box) or physically distributed (grey box).  These techniques have been seen as very distinct due to their different data specifications.  Neither approach yet provides a wholly satisfactory solution.  Short comings of one method are addressed by the other.  However, new computing software and hardware will enable the manipulation of data appropriate to both types of models thus this research proposes an integrated and improved solution.


	Lumped hydrological models are concerned with overall catchment response, they do not describe internal variations.  They represent physical processes over areas, not at points within the catchment.  Within such lumped models the concepts are mathematical abstractions of reality (Eeles, 1990).  Physically distributed models aim to better describe internal variations in hydrological response.  They attempt to represent changes in the physical processes within different areas of the catchment.


	Model development must then incorporate past findings to achieve the optimal solution exploiting the advantages of both lumped and physically distributed techniques.  GIS provides an integrative tool, so that development will be toward a new hybrid approach.


	A GIS is the ideal environment within which to develop a hydrological model, giving computational power and efficiency together with the facilities for data handling which are required in this type of work (Drayton et al., 1992).  Considerable manipulation of data is called for in setting up a hydrological model, providing input and interpreting simulation results.  GISs allow the easy combination of data from different sources to form arrays of appropriate input data.


	The GIS-based hydrological model is being built using ARC/INFO and more specifically ARC/GRID which allows for the ease and speed of processing offered by raster models coupled with the ability to easily incorporate vector data. The reservoirs themselves may use vector format since area is important, however raster storage would still be possible with some form of statistical inclusion allowing for area.  All parameters which have an effective control over a catchment will be represented as a raster layer, including rainfall, land cover, elevation, soil, geology, and possibly evaporation.


	Model output will use both visual representation and hydrographs, allowing quantitative assessment of the effects of incorporation of small, on-farm reservoirs.  Model simulation will permit the estimation of reductions in flood peaks and increases in low flows, allowing implications for abstraction licences and pollution mitigation to be investigated.





	Successful modelling  may reveal that set-aside land could be used to accommodate small, balancing, reservoir-fed streams to regulate peak and base flows.  Results should permit optimal permutations of numbers and locations of such reservoirs.  These would then, also be used for storage and to reduce the requirement for summer abstraction from the stream.


	The model development within a GIS will provide a hybrid solution between lumped and physically distributed modelling.  Within a GIS the single largest cost is the collation of data, the only other real expense is personnel.  However, the database collected and stored within the GIS can then be used for other purposes (for example nonpoint pollution monitoring) encouraging interorganisation to share resources.  Possibilities exist for future research into the economic advantages of storage to reduce pollution.


	The research area aims to meet an important need for catchment water resource management, while at the same time evaluating the wider impacts of a potential use for set-aside farmland





	Within this framework further hydrological and GIS issues are to be investigated.  The significance of scale within digital elevation models has long be of importance to many GIS users, however with the increase in availability of high resolution DEM the significance of scale to hydrological modelling is to be addressed.


	Comparisons are to be drawn between run-off modelling using a 50x50 DEM (provided by the Institute of Hydrology), a 50x50m Landform Panorama DEM purchased from the Ordnance Survey, and the relatively newly available 10x10m Landform Profile DEM again purchased from the Ordnance Survey.  It is expected that results should show that variation in the DEM differ little over the area, due to the simple topography of the area.  However, attained rainfall runoff results may suggest that the high resolution DEM allows for more effective modelling of runoff and extraction of channels even within such a lowland area.  This research would allow decisions to be reached as to the importance of high resolution DEMs within hydrological models which derive information from the original inputted data.  Further investigation into overland flow may incorporate a comparison of drainage network extraction using a multiple flow algorithm on the high resolution DEM.  


	To date many of the problems encountered within this research relate to those of scale with high resolution data either being unavailable or extremely expensive.  Preliminary results within this PhD should go some way to suggesting whether results attained using such high scale data outweigh the cost, particularly in relation to surface water modelling.





	Therefore we see that the results gained from this research will be two fold., with the GIS-based model posing its own problems before seeking solutions to the original query of the feasibility of small on-farm reservoirs for lowland river management.  It can be viewed as a subject within a subject, with a hydrological question being posed, and a GIS solution being sought to provide us with an answer.  It should advance research into both river catchment management and GIS, bringing together two disciplines which until have been more than often merely linked and not directly coupled.
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