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Abstract

The research and development of new methodologies for the control of diffuse pollution for urban river restoration have grown considerably since the late nineteen-nineties in the UK, particularly in Scotland, and a number of new techniques have been developed, such as the Sustainable Urban Drainage Systems (SUDS), a range of techniques especially designed to mimic the natural process of a river catchment (Petts et al 2002).

However, all these techniques are being built for new urban developments in order to prevent more sources of pollution, but there is a lack of work that analyzes the possibility of installing the systems in already developed areas in order to control and reduce existent pollution. These already developed areas may be important sources of urban pollution, but they may be not suitable for the installation of certain control techniques, because of constraints associated with urban areas, such as the lack of space. 

Therefore, the main purpose of this paper is to construct a methodology based on a Multi Criteria Analysis (MCA) using Geographical Information Systems (GIS) techniques to identify suitable areas for retrofitting urban rivers, considering socio-economical and physical variables which are determinant as concerns the possibility of building SUDS in already developed urban areas in the Calderdale District, West Yorkshire, UK.

The MCA resulted to be a simple and useful tool to identify suitable places and the results showed that it is possible to install SUDS in already urban areas, and specially those techniques which are considered as source control techniques like swales or pervious surfaces. Site control techniques may be applied as well but some other factors must be included in the MCA.

1. Introduction

Since the water pollution from point sources, like industrial wastes, has been successfully controlled in UK and Europe, pollution from diffuse sources has become the most important cause of the drop in water quality in surface and ground waters. While point source pollution is considered easier to control, as it can be easily identified, non-point source or diffuse pollution becomes difficult to control as the sources disperse, depending on the land use of a particular catchment (Vale 2006).

Therefore, the causes and sources of water pollution will be different depending on the social and economic activities in a specific catchment, and the land uses resulting from those activities. There are two main kinds of diffuse pollution according to the bibliography specialized on this topic: urban and rural diffuse pollution; and both require different techniques if they are to be controlled (Novotny 2003). 

The drop in water quality, is affecting streams and reservoirs, becoming one of the main issues for water companies, as water in some catchments does not meet the EU drinking water standards. This is one of the reasons why the European legislation is so complete on this topic: the Water Framework Directive (WFD) is the most important piece of legislation regarding to the use of water in a sustainable way in all Europe, 

The member states of the European Union must achieve good surface water status at the latest 15 years after the date of entry into force of this Directive (Article 4.a - II). It is in this context that different governmental agencies with incumbency in water issues in the UK are taking steps to control both point and non-point pollution. The Environment Agency in England and Wales and the Scottish Environment Protection Agency (SEPA) have different programmes to control diffuse pollution both in rural and urban areas (SEPA 2006).

In this context, the research and development of new methodologies for the control of diffuse pollution for urban river restoration have grown considerably since the late nineteen-nineties in the UK, especially in Scotland, and new techniques have been developed, such as the Sustainable Urban Drainage Systems (SUDS), which are a range of techniques especially designed to mimic the natural process of a river catchment (Petts et al 2002).

However, all these techniques are being built for new urban developments in order to prevent more sources of pollution, but they do not consider the possibility of building the systems in already developed areas in order to control and reduce existent pollution. In this sense, these already developed areas may be important sources of urban pollution, but they may be not suitable for the installation of control techniques, due to constraints associated with urban areas, such as the lack of space. Therefore, the main purpose of this paper is to construct a methodology to identify suitable areas to install SUDS in already developed urban areas which are considered to be important sources of diffuse pollution in the Calderdale District, West Yorkshire, UK.

In order to do this, the following secondary objectives were followed:

1. To identify and analyse suitable urban areas to install SUDS, applying a methodology based on a Multi Criteria Analysis (MCA) with a Geographical Information System (GIS), and field work, considering socioeconomic and physical aspects. 

2. To analyze the utility of different techniques in GIS applied to hydrology and the management of water resources’ quality. 

3. To discuss and analyse the results considering new factors that may be included in the MCA, and the limitations of the methodology and data used.

In this paper only swales will be study as an example of a SUDS. Swales are vegetated surface features that drain water evenly off impermeable areas. They are long shallow channels. Can be in any natural vegetated form, e.g. grass verges; shrub areas (Wild et al 2002 and CIRIA 2006).. 

2. Area of study: Description and justification

The methodology for the identification of suitable areas for the installation of SUDS was applied to the urban areas that lie in the Calder Catchment of the Calderdale District. This includes the Calder River itself and the whole of its effluents within the Calderdale District.

Calderdale is a metropolitan district in West Yorkshire, England. It is mostly rural, although there are some industrial towns in the east. Most of the district lies on the Pennines and the River Calder runs through it. The landscape of the Pennines is in general constituted by upland areas of high moors indented by the fertile valleys of some rivers of the region. It is a relatively sparsely populated region by English standards and the main economic activities include sheep farming, quarrying and tourism and it is well known as a centre of England's woollen manufacture from the 15th century onward. 

Regarding water resources, the Pennines constitute the main watershed in northern England, and several reservoirs for the supply of drinking water to the region are located there. The natural shape of the rivers was changed during the industrial revolution for the construction of canals that were used to transport goods. The rivers also provided power for both flour milling and the textile mills that developed from the eighteenth century on (Wikipedia 2006). Later on, their waters experienced an important drop in water quality mainly from point sources pollution from industrial wastes. Nowadays, as some industries have closed down and in general the pollution from point sources has been successfully controlled, the urban and rural non-point sources pollution has increased considerably. According to the Calderdale Council Ward Digest (2004), Calderdale has a population of 192,405 inhabitants.
One of the main reasons for picking this area was the existence of a variety of different land use types: residential; commercial; industrial; open spaces; etc. This is important as different land uses have different water quality impacts and at the same time they offer different opportunities for the installation of SUDS, mainly because of space availability. The main reason for choosing a heterogeneous area was because it is more representative and will allow discussion as to whether the results can be generalised and applied to other areas with similar characteristics. 

Other important reason that leaded to the choice of this area was data availability. The updated UDP GIS database, with detailed information on land uses for all the Calderdale District, was kindly provided for this study by the Regeneration and Development Directorate of the Calderdale Council. An important consideration was also distance and accessibility to the area, for the necessary field work.

3. Methodology

SUDS are necessary to control both pollution and flooding as the surface of a city becomes more and more impermeable. However, as was mentioned previously, not all SUDS are feasible in all locations (Mitchell 2006), and the construction of them in already urbanized areas is a difficult task for the decision makers, due to the presence of physical constraints and costs, as well as other factors that will be analyzed in this work. 

Furthermore, it would be interesting to cross maps of urban diffuse pollution with the maps of suitability in order to asses whether the most contaminated areas of the urban developments are suitable places for SUDS. This is one of the main purposes of this methodology.

In another work, the areas which are sources of pollution (hot spots) and where SUDS are most needed were identified using part of a model developed by Mitchell et al (2001). With these areas identified, a map was created for the identification of suitable areas for the installation of SUDS, considering both social-economic and physical variables. As a third step, both maps were combined in order to ascertain whether the most hazardous areas are feasible for SUDS. Qualitative and quantitative data were used for the entire process, which is described in detail below.

3.1. SUDS feasibility mapping

A Multi Criteria Analysis (MCA) was applied in order to identify suitable places to build SUDS. The process was based on the following works: Makropolous et al (1998), as it gives a background on the identification of suitable places in already developed areas; Ellis et al (2004) and DETR (2000), as they give theoretical and technical advice on the construction of an MCA; and Wilson et al (2004), for the scoring method applied for each of the variables and the particular characteristics of each SUDS. 

3.1.1 Multi Criteria Analysis (MCA) and variables used

In this project, a GIS based MCA was used to identify suitable places for SUDS. The Environmental Agency defines MCA as a tool that “involves a variety of decision-making techniques that incorporate different criteria on which to base a decision”. It is different from those techniques that are based on only one criterion, such as, for example, financial analysis. “Its main role is to deal with large amounts of complex information in a consistent way, which can otherwise create difficulties for decision-makers” (Stewart 2006). “MCA establishes preferences between options by reference to an explicit set of objectives that the decision making body has identified” (DETR 2000). For this case, the MCA was based on a Geographical Information System (GIS) where the following variables were used:

a. Socio-economical features

· Land use (Suitability to type of development)

Land use characteristics play the most important role for the identification of suitable areas, and, as in the case of the hotspots map, the UDP land use classification was used.

This variable has to do with the feasibility of installing SUDS depending on the type of development or land use. For example, wetlands are very unlikely to be built in the middle of a dense housing development, whereas it could be done in an area of parks or far from the city. In the CIRIA Manual (Wilson et al 2004), this is a different variable from the one of space availability, as it involves other factors apart from space requirements, and it depends on whether they are beneficial or not for a particular kind of development.

· Land prices

These play an important role in the decision making process. More expensive lands are more probable to be used for private developments rather than for the construction of SUDS by the local government to enhance the local landscape or control pollution. These values could not be found directly from any source, so they were derived from an average of house prices per postcode sector, which were obtained from the England and Wales Land Registry (2006). 

· Income of inhabitants

This variable is associated with the maintenance capability after the systems are built, with the ability of the inhabitants to provide proper maintenance for the system. The information was derived from the National Statistics - Socio Economic Classification (the NS-SEC) per ward, with data from the 2001 National Census.  NS-SEC measures employment relations and conditions of occupations. Conceptually, the Office for National Statistics considers it as “central to showing the structure of socio-economic positions in modern societies and helping to explain variations in social behaviour and other social phenomena” (Office for National Statistics 2005, p. 3).

For the purposes of this study, the eight classes of the classification were condensed into four categories, in order to make them easier to manage.
For these four classes, the percentage was obtained according to the total number of people in each ward. In order to use this data for the MCA and create a raster, the category 1 was the only one which was represented. This means that the higher percentage of this class the more suitable is the area for the installation of SUDS.

b. Physical features

· Slope 

Steep slopes are considered to be a constraint for the implementation of SUDS, and at the same time, they contribute to an increase in pollutants runoff. Mild slopes are more suitable, as the pollutants can be retained using retention ponds or other methods. The slope information was obtained from the DEM 10 m resolution from the Ordinance Survey (EDINA DIGIMAP 2006). 

· Distance from the outlet. 

This considers the distance from the areas where SUDS are needed the most (hot spots), since the closer the systems are to the source of pollution, the more efficient they are. To do this, the Euclidean distance tool is used. In this case, areas which are closer to the hot-spots are considered to be a positive indicator, so low values of distance have a high value in the MCA. In this case, the distance was taken from the highest values of each of the three pollutants (TSS, P and Cu). This was necessary in order to ensure different values within the urban areas. 

· Availability of open space. 

The data will be taken from the UDP layer. Some SUDS need more space availability than others. The availability of open space will be considered as a positive or negative characteristic, depending on the type of SUDS (Ellis et al 2004). For example, in the case of retention ponds or wetlands, land uses which have more space availability, such as parks or “urban open spaces”, are more suitable for the installation of that system.

As a first option, this was done with the GLUD (General Land Use Database) classification, where each ward is described by the area covered in m2 by nine land use classes: domestic buildings; gardens; non-domestic buildings; roads; rails; paths; green spaces; water; and others. However the information by ward is not detailed enough for this variable, in particular since it does not contribute anything new, telling us only that in the urban wards there is less space availability that in suburban areas, something that was already known before. Therefore, more detailed information is needed, so again the UDP land use classification was applied for this factor, but only for those urban areas where more diffuse pollution sources are expected.

3.1.2 MCA construction

In order to represent the data in a GIS and to have a common spatial unit of analysis, all the data was converted into grids, which are formats that allow one to make algebraic equations in the GIS software. ArcMap© and ArcInfo GRID© were the software used for this step.

For the construction of the MCA, an index was created that combines all the values of the different variables of the analysis, i.e.: all the layers that have already been described. This index was produced using an MCA scoring method, following the scores recommended in the CIRIA Manual (2004) for the decision-making process for SUDS techniques. A scoring method consists of translating the measures of achievement on a given criterion into a value score on a 1 – 5 scale for this case, where:

1 = Very poor, very low, very high cost.

2 = poor, low, high cost.

3 = Moderate.

4 = Good, high, low cost.

5 = Very good, very high, very low cost.

The process of reclassifying all the variables was done with ArcMap©. The values near 1 are considered to be less suitable for installing SUDS and the values nearer 5 are considered to be the best places to install the systems. 

Since for different SUDS the scorings for different variables are different (e.g. ponds need more space than filter strips), three SUDS were chosen to try the MCA in the Calderdale District. Each of them corresponds to a different category of the management train: swales as a source control technique; infiltration basins, as a site control technique; and wetlands that corresponds to the last category, regional control. 

The Table 1 shows the suitability to type of development and the Table 2 the availability of space for each of the systems, both of them according to the characteristic of land uses.

Table 1: Score given to the land use classes regarding suitability

	Land use
	Swales
	Infiltration basins
	Wetlands

	Green belt
	5
	5
	5

	Area around Todmorden
	5
	5
	5

	Open space in the rural area
	5
	5
	5

	Open space in the urban area
	5
	5
	5

	Town centre (1998)
	2
	1
	1

	Mixed use site
	3
	4
	3

	New employment site
	3
	3
	4

	Primary employment area
	3
	3
	3

	New housing site
	3
	4
	4

	Primary housing area
	3
	4
	4

	Other retail locations
	3
	3
	3

	Commonland
	5
	5
	5

	Quarries
	1
	1
	1

	Minerals area of search
	1
	1
	1

	Conservation area
	1
	1
	1

	Historic parks and gardens
	1
	1
	1

	Washland
	5
	5
	5

	Roads: Category 1, 2 and 3
	5
	4
	5

	Commercial com. Imp. Area
	3
	3
	3


Source: Wilson et al (2004) and UDP land use classification for Calderdale District

The slope values > 15 % for the three systems were reclassified as value 1, as slopes steeper than that are considered a constraint for any SUDS technique, and values < 15 were considered as 5. Regarding land price, the values were reclassified by the method of natural breaks in 5 new classes, where the cheapest lands were assigned a value of 5. The same was done with the category income of inhabitants, but in this case the highest values were assigned a value of 5 as it is considered to be more suitable for the costs of maintenance. Finally, the distance from the outlet was reclassified as well, where a value of 5 was assigned to the minimum values of distance. 

Table 2: Score given to the land use classes according to space availability for different SUDS

	Land use
	Swales
	Infiltration basins and Wetlands

	Green belt
	5
	5

	Area around Todmorden
	5
	5

	Open space in the rural area
	5
	5

	Open space in the urban area
	5
	5

	Town centre (1998)
	1
	1

	Mixed use site
	2
	1

	New employment site
	3
	2

	Primary employment area
	2
	1

	New housing site
	3
	2

	Primary housing area
	3
	1

	Other retail locations
	3
	2

	Commonland
	5
	5

	Quarries
	1
	1

	Minerals area of search
	1
	1

	Conservation area
	1
	1

	Historic parks and gardens
	1
	1

	Washland
	5
	5

	Roads: Category 1, 2 and 3
	4
	1

	Commercial com. Imp. Area
	3
	1


Source: Wilson et al (2004) and UDP land use classification for Calderdale District

Table 3: Variables used for the construction of the MCA and their scorings

	Variables
	Scores for the MCA

	Land use
	It is shown in Table 1.

	Land price
	1 = Most expensive lands

5 = Cheapest lands

	Income of inhabitants
	1 = Lowest incomes

5 = Highest incomes

	Slope
	1 = Slope < 15%

0 = Slope > 15%

	Distance from the outlet
	1 = Longest distance

5 = Shortest distance

	Availability of open space
	It is shown in Table 2.


The final equation, to find the most suitable sites in the urban areas, was as follows:

Suitability map = Sum (space availability; slope; land price; income; land use; distance from outlet)

For each of the SUDS that needs to be evaluated, a suitability map should be obtained. Since the “distance from the outlet” variable is different for each of the pollutants, it is necessary to decide which pollutant is going to be used for the swales suitability map. In order to decide this combination the CIRIA Manual (Wilson et al 2004) was consulted in order to see which pollutant is well controlled by swales. Using this reference, the map is the following:

· Map 1: Suitable places to install swales to control Total Suspended Solids (TSS) loads: They can remove between 60 % (for a 30 m swale) and 83 % (for a 60 m swale) of TSS.

Therefore, the suitability maps show the sites which are better for the installation of swales to control suspended solids. 
3.2 Combined map

The purpose of the combined map is to show whether the areas which have higher levels of diffuse pollution are suitable for constructing SUDS. In other words, the map shows the areas that fulfil the two characteristics assessed in the previous maps: high levels of pollutant loads (not developed in this work) and suitability for building the SUDS. 

This map was made using the following process:

1. Classification in 5 classes by the method of natural breaks of both the pollutant load values and the values of the suitability map.

2. Reclassification of the pollutant load values, giving a value = 1 to the two highest categories, and value = 0 to the others.

3. Reclassification of the suitability values giving a value = 1 to the highest category (the places that gather almost all the fulfilments to build SUDS).

4. The two maps were added in GRID, so the values = 2 are the pixels that show the places with highest pollution loads and the most suitable places to build a system.

Map 2 displays the results for the particular case of swales.
3.3 Site visit

A site visit was conducted to corroborate the results obtained in the previous sections. Two places were chosen according to the following conditions:

· Dense urban developments: since the main idea of this work is to assess the possibility of retrofitting these areas.

· Within these areas, the places which were identified as most suitable / least suitable.

The main purpose of the site visit is to check the results obtained with the MCA, considering the following objectives:

· To check whether they really are suitable / unsuitable places to build SUDS.

· To analyze some other variables that were not considered in the MCA, but that nonetheless play an important role in decision making: community acceptance; enhancement of aesthetics; safety concerns; and enhancement of the environment. This will be discussed in the next section.

4. Analysis of results

This section will discuss the results obtained from: the MCA used to identify suitable places for SUDS; and the map that resulted from combining these two. It also gives an analysis of the observations made during the site visit to Halifax. In this particular paper only swales will be analyzed, however the same methodology can be applied to other types of SUDS.
4.2 Suitability maps

Taking a general look at the map of suitability for SUDS construction, the first thing that can be seen is that there are a great number of places in urban areas suitable for the installation of swales to control sediments pollution than for other techniques. This result appears to be correct as it is, of the three analyzed, the system technique that requires the least space availability. In the map it can be clearly seen that it follows the pattern of the roads; this is because swales are one of the most suitable techniques for controlling pollution from roads, because of their shape (shallow, and narrow channels) that can fit perfectly along a road. Besides, for this study, they were assessed for the control of sediments and, as was analyzed in the previous section, roads are the most important source of sediment loading, and in this case the “distance from the outlet” variable played an important role. 

Looking at the swales map in more detail, we see that, for example in the centre of Halifax, the suitable places for swales are related to urban open spaces, such as parks, schools and churches because of the availability of open space, but for this case the results appear not to be good enough as this places are probably better for the other kinds of SUDS (e.g wetlands). Moreover, it is important to mention that swales might be constructed along urban streets and in car parks, where they could be very useful in the control of pollution from vehicles, but this cannot be seen in this map as layers of car parks and urban streets were not considered. 

It is important to mention the role of the slope in the results. Although the majority of the urban areas are developed on slopes < 15%, some areas are built on steeper slopes, and none of these areas are suitable places for SUDS as slopes > 15% were considered as constraints with values = 1.

Considering the factors that were used to build the MCA, in general the results coincide with reality, but if some new factors are taken into account, some of the places that were identified as suitable may not be, and some places that were considered as non-suitable may be suitable for building some SUDS. Some examples of this can be given from the sites that were assessed during the site visit.

4.3 Analysis of results of the site visit

As it was explained in the methodology section, some places were chosen in order to evaluate whether SUDS can in fact be installed where the results show, or whether there are other places better adapted. The idea of this section is to analyze and discuss the observations made in the sites that were chosen, considering new factors that were not taken into account on the MCA. What happens if these factors are included? Can the SUDS still be built? What happens with the areas that were identified as non-suitable for SUDS? Is it possible to construct SUDS there if some other factors are considered or if more detailed data is used? The following analysis tries to answer these questions with information obtained during the site visit in the Town of Halifax.

Sites 1 and 2: Places suitable for installing swales:

The two sites, as identified by the MCA, appear to be suitable for installing swales considering that they are surrounded by important sources of pollution. They may be a good opportunity to enhance the landscape especially in the site 2 where, although some green areas exist, they could be enhanced with this technique. Other source control system that may be applied at site 2 is the pervious pavements in car parks. In the case of site 1, there is a high percentage of surface with green areas that may be acting as other techniques such as bioretention or grassed filter strips, so it may be considered that swales might not bring a major improvement to the area.

Sites 3 and 4: Places non-suitable for installing swales

The Halifax train station and the Dean Clough are two sites identified by the MCA as non-suitable places for installing swales. They appear in the MCA as non-suitable, as in the UDP classification, the train station is in a conservation area (for this study, conservation areas are considered as constraints for SUDS), and the Dean Clough Offices are in the “employment area”, which according to the CIRIA Manual, this land use have medium scores according to space availability and suitability of land use (See Tables 1 and 2). Besides, they are inside an area of low incomes and the slope in some areas is above 15%. These are all the factors that mean that these sites do not qualify for the installation of SUDS.

However, these two sites have a large surface dedicated to car parks where swales or some other source control technique could be applied. The car park of the train station already has a permeable surface as it is built with paving stones: this kind of paving, as with the more modern pervious surfaces, increases the infiltration, lowering the level of polluted runoff. 

Regarding the other area, the Dean Clough car park, it was observed that, as in the train station car park, swales and other source technique could be built. The enormous surface dedicated to car parks is a perfect area for these kinds of techniques can be applied to control the high levels of pollution coming from cars. In this case, the MCA did not give good results, since the data was not detailed enough to show that inside these two land use categories non suitable for building swales (“conservation areas” and “employment areas”), there is a suitable category for them (car parks).   

4.4 Combined mapping

The original idea of making these maps was to identify areas where the two conditions identified in the other two maps coexist, and therefore those places which would be the most suitable locations to install the SUDS. However, while some locations could be identified for swales, the results were not very successful for infiltration basins and for wetlands. As can be seen in Map 2, just a few places appear to be a suitable location for these latter techniques, in the areas with the highest values of diffuse pollution loads. But there is a logical explanation for this, and it is that the places where these SUDS can be built (e.g. open spaces) are the less hazardous areas as sources of pollutant loads, since they have low values of impermeability and Cu and P Site Mean EMC.

But, as was mentioned previously, while they are not suitable for that particular area, they could be useful for the surrounding areas, since the open spaces might be surrounded by land uses with high levels of pollution, as is definitely the case in Halifax.

This is why this method might be not reliable, as it considers these areas as individual parts of a system does not take into account the surrounding areas and the dynamics of a catchment. Therefore, it is preferable that one show the results and possible places to construct SUDS in a map of hot spots areas overlaid with the most suitable places. In other words, just make an overlay of the diffuse pollution map and the suitability map for the three Systems and pollutants of concern. Map 10, for example, shows the best places for installing wetlands according to the MCA, which are essentially parks and gardens where almost no diffuse pollution exists; however, the areas around these open spaces are mostly residential with high levels of P loadings. This second set of maps is more useful as they allow us to see the proximity of hotspots to suitable places for SUDS. See Maps 8, 9 and 10.

Regarding swales results, the case is different, as there are many more places where hotspots and suitable places coincide. This is a correct finding, as these are systems that need less space than the previous ones, and moreover, the areas which are more suitable for them (e.g. roads) are the land uses with highest pollution loads.

Therefore, for this last case, the addition of maps was useful, but for the previous cases (wetlands and infiltration basins), it was not. It can be pointed out here, as a conclusion of the combination of the maps, that for this particular case, where the processes analyzed have to do with the water dynamics within a catchment, it is necessary to analyze the area as a whole system and not as different unconnected parts, since this method may lead to erroneous results, as was illustrated in the case of wetlands for controlling phosphorus emissions.

5. Conclusions and further work

It is important to discuss some problems and disadvantages related to data quality that were come across during the application of the methodology.

The UDP land use, although it has many classes (15 for the urban area alone), did not offer enough detail for some specific drainage systems in this study, namely the systems in the group of source control techniques for the management train: swales, green roofs, pervious pavements, filter strips, etc. The cases of the swales which could be built alongside the urban streets or the car parks where pervious pavements can be applied are perfect examples of this. If the land use data had these categories, more suitable places for these systems would have been identified inside the urban area.

The other problem that appeared in relation to the UDP land use classification was related to the original classification and inclusion of some land uses in categories which were not suited to this specific study, thus leading to wrong results. This is the case of schools, as we have seen, which were classified in the category of open spaces, so all the schools in urban areas were suitable for installing wetlands or infiltration basins, whereas the best technique to install in a school may be some source control technique like bioretention; or in schools with a high percentage of paved surfaces, it would be more suitable to install pervious pavements.

The other data sets whose accuracy needs to be discussed are “land price per ward” and the “income of inhabitants per ward”. On the one hand, both of them give values per ward, which is not detailed enough for this particular study, due to the heterogeneity of social classes and house prices inside each ward. On the other hand, these two datasets are based on indirect data, since they were derived from other data (house price and the NS-SEC) that was considered to be highly related to these two variables. All this means that they may have an amount of bias, and not be accurate enough. Therefore these values are valuable only as indications and they should be considered with due circumspection. 

The MCA constructed here aimed to identify suitable places to install SUDS in urban areas of the Calderdale District in West Yorkshire. It can be said as a general conclusion that, despite some limitations, the MCA based on a Geographical Information System (GIS) resulted to be a simple and useful tool to identify suitable places to install control techniques in already developed urban spaces. During the site visit to Halifax, it could be observed that the results, in general, showed a high coincidence with the sites visited. The results proved that this methodology and the data sets used are appropriate for this particular scale of analysis, providing an important tool to identify those areas which are feasible places to install SUDS. Moreover, since the area is generally representative, having different land uses that give different opportunities for SUDS, the results can be generalised and used for other similar cases.

Therefore, it is important to say that the methodology was proper for the area of study and for the scale of analysis used for this project, and it provides a useful tool as a first step to identify large areas inside cities to install SUDS. It could be stated that this methodology serves as a screening step for the decision-making process. Nevertheless, it must be said that once these areas are identified, it is necessary to go into greater detail in order to do a more precise and accurate study to help decision makers, but in order to do this, more data needs to be considered with a higher level of detail.

In this work, an analysis was made of the importance of using a more detailed land use layer to identify areas suitable for specific SUDS techniques. The incorporation of urban streets and car parks would be very useful, since these urban spaces are ideal for source control techniques such as swales, pervious pavements, filter strips, etc. Another possibility as regards enhancing the methodology and providing more accurate results is the incorporation of aerial photography and/or satellite images, to double check the information of the NLUD.

It is also necessary to incorporate more detail in the socioeconomic variables. The socio-economic characteristics from the NS-SEC gave a general idea of the incomes of the inhabitants, but for a more detailed study, this will not be enough. It was seen in the previous sections that the data per ward is not accurate enough, as the socio-economic groups inside each ward are very heterogeneous, 

The results showed that it is possible to install SUDS in already urban areas, and particularly those techniques which are considered as source control techniques in the hierarchy of the management train, namely swales, green roofs, pervious pavements, and filter strips. However, it is important to mention that if these sources are not controlled together with new urbanized areas and with rural areas, as a whole catchment management plan, the efforts put in controlling pollution in urbanized areas might be in vain. 

Furthermore, it is important to include in the study the other benefits of SUDS, apart from those which control diffuse pollution. It was not the aim of this study to include factors related to flood control or landscape enhancement, but if there is a decision to install SUDS in the Calderdale Council, there are two factors that need to be considered: places which can be hazardous for flooding (like hotspots for diffuse pollution but for flooding), and the amenity benefits, as it is a good way to gather the community acceptance and to enhance the city landscape. 
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Map 3: Total diffuse urban sediements (TSS) load (Kg ha yr) and most suitable places for swales in Halifax
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