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Abstract 

Urban densification increases the ratio of impermeable surfaces, putting extra pressure on 

the drainage systems. This, plus more frequent intensive rain events and rising sea levels, 

due to global warming, may cause additional pressure and increase the risk of flooding in 

urban areas in the future. Sustainable Drainage Solutions (SuDS) is a natural approach to 

managing surface water, slowing down the surface water flow and allowing natural 

processes to break down pollutants. SuDS has been implemented into one neighbourhood 

in Iceland, Urriðarholt and the Icelandic Planning Act and National Planning Strategy have 

set the base for the implementation of SuDS. Iceland, however, still lacks a comprehensive 

strategy to obtain the benefits of SuDS. The purpose of this study is to identify key factors 

for a successful implementation of SuDS in Iceland. National and local experiences from 

Sweden and England are reviewed, as both countries have substantial experience in the 

implementation of SuDS and projected onto the Icelandic environment. Feedback on key 

ideas and data has been sought from selected local stakeholders with formal interviews as 

well as informal communications.  The study concludes that the key factors which need to 

be in place to successfully implement SuDS are the following: firstly, regulatory and 

policy framework for SuDS are needed to ensure a successful SuDS implementation. 

Secondly, SuDS needs to be incorporated throughout the municipal planning process from 

Municipal Planning to Site planning stages. Thirdly collaboration, roles and 

responsibilities must be clear and identified throughout the life cycle, from strategy 

planning and design, to construction, operation and maintenance. Fourthly, site specific 

meteorological, hydrological and geological data needs to be available and be strengthened 

in the following decade. Finally, general knowledge about SuDS amongst the key 

stakeholders in Iceland needs to be improved to promote SuDS. 



 

Útdráttur 

Aukin þétting byggðar eykur hlutfalls ógegndræps yfirborðs. Við þetta eykst ofanvatn og 

álag á frárennsliskerfi. Í framtíðinni má búast við tíðari og ákafari rigningarskúrum og 

hækkandi yfirborði sjávar, vegna hlýnunar jarðar. Þetta eykur enn á álag frárennsliskerfa 

og líkurnar á vatnsflóðum í þéttbýli. Blágrænar  ofanvatnslausnir (e. SuDS) er vistvæn leið 

til að meðhöndla ofanvatn með því að hægja á vatnsflauminum og brjóta á sama tíma 

náttúrulega niður mengunarefni í vatninu. Blágrænar ofanvatnslausnir hafa verið innleiddar 

í eitt hverfi á Íslandi, Urriðarholt, og landsskipulagsstefna hefur sett línurnar um 

innleiðingu blágrænna ofanvantslausna. Hér skortir hinsvegar heildræna stefnu til þess að 

nýta sér ávinninga blágrænna ofanvatnslausna. Tilgangur rannsóknarinnar er að bera 

kennsl á lykilþætti árangursríkrar innleiðingu blágrænna ofanvatnslausna á Íslandi. 

Reynsla frá Svíþjóð og Englandi var skoðuð og hún yfirfærð yfir á íslenskt samfélag en 

bæði löndin hafa innleitt blágrænar ofanvatnslausnir á árangursríkan hátt. Endurgjöf á 

lykilhugmyndir og gögn var fengin frá völdum hagsmunaaðilum. Niðurstöður 

rannsóknarinnar sýna að þeir lykilþættir sem eru nauðsynlegir fyrir árangursríka 

innleiðingu blágrænna ofanvatnslausna eru eftirfarandi: Í fyrsta lagi þarf að útbúa lög og 

reglugerðir sem tryggja árangursríka innleiðingu blágrænna ofanvatnslausna. Í öðru lagi 

þurfa blágrænum ofanvatnslausnum að vera hluti af öllu skipulagsferlinu, frá upphafi 

aðalskipulags til deiliskipulaga. Í þriðja lagi verða samvinna, hlutverk og ábyrgð að vera 

vel skilgreind í gegnum allt lífsferli blágrænna ofanvatnslausna, frá stefnumótun, til 

skipulags, hönnunar, framkvæmdar, reksturs og viðhalds. Að lokum þarf að styrkja 

almenna þekkingu hagsmunaaðila blágrænna ofanvatnslausna á viðfangsefninu til að 

stuðla að frekari innleiðingu þeirra.  
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Terminology 

Amenity “The quality of being pleasant, attractive, desirable and/or 

useful” (Ballard et al., 2015).   

Attenuation “Reduction of peak flow rate and increased duration of a flow 

event” (Ballard et al., 2015). 

Base flow “The sustained flow in a channel or drainage system” (Ballard et 

al., 2015). 

Basin “A ground depression that is normally dry, designed to store 

surface water before infiltration and/or provide attenuation” 

(Ballard et al., 2015). 

Biodiversity “The diversity of plant and animal life in the world, an area or a 

particular habitat – a high level of which is usually considered to 

be important or desirable.” (Ballard et al., 2015). 

Brownfield site “A site that has been previously developed” (Ballard et al., 

2015).  

Catchment “The area contributing surface water flow to a point on a 

drainage or river system. Can be divided into sub-catchments” 

(Ballard et al., 2015).  

Climate change “A change in the state of the climate that can be identified (e.g. 

by using statistical tests) by changes in the mean and/or the 

variability of its properties, and that persists for an extended 

period, typically decades or longer. Climate change may be due 

to natural internal processes, to external forcing or to persistent 

anthropogenic change in the composition of the atmosphere, 

ocean or in land use” (Ballard et al., 2015). 

Conveyance “Movement of water from one location to another” (Ballard et 

al., 2015). 

Design criteria “A set of agreed criteria that the proposed system should be 

designed to satisfy” (Ballard et al., 2015) 

Detention “The temporary storage of water to attenuate flow” (Ballard et 

al., 2015). 

Development “Any area of land that has been or is being developed (i.e. land 
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use change that includes construction). This includes new 

developments, redevelopments, infill and retrofit” (Ballard et 

al., 2015). 

Design criteria “A set of agreed criteria that the proposed system should be 

designed to satisfy” (Ballard et al., 2015). 

Detention “The temporary storage of water to attenuate flow” (Ballard et 

al., 2015). 

Development “Any area of land that has been or is being developed (i.e. land 

use change that includes construction). This includes new 

developments, redevelopments, infill and retrofit” (Ballard et 

al., 2015). 

Ecology “The study of plants (flora) and animals (fauna) and the 

relationships between them and their physical environment” 

(Ballard et al., 2015). 

Ecosystem “A biological community and its physical environment” (Ballard 

et al., 2015). 

Ecosystem Services “The benefits provided by ecosystems that contribute to making 

human life both possible and worth living. Examples of 

ecosystem services include products such as food, water, 

regulation of floods, soil erosion and disease outbreak, and 

nonmaterial benefits such as recreational and spiritual benefits 

in natural areas” (Ballard et al., 2015). 

Erosion “The group of natural processes, including weathering, 

dissolution, abrasion, corrosion and transportation, by which 

material is worn away from the earth´s surface” (Ballard et al., 

2015). 

Frequent rain event “Rainfall events that happen more often than once a year” 

(Ballard et al., 2015).   

Green corridors “A stripe of land in an urban area that can support habitats and 

allow wildlife to move along it.” (Ballard et al., 2015).  

Greenfield “Relating to land that has never been developed, other than for 

agricultural or recreational use.” (Ballard et al., 2015). 

Green roof “A roof with plants growing on its surface, which contributes to 

local biodiversity. The vegetated surface provides a degree of 

retention, attenuation and treatment of rainwater, and promotes 

evapotranspiration” (Ballard et al., 2015). 
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Groundwater “Water that is below the surface of the ground in the saturation 

zone” (Ballard et al., 2015). 

Hydraulics “A term for fluid mechanics used in the context of water 

engineering, and is the study of flow” (Ballard et al., 2015). 

Hydrology “The study of waters of the Earth, their occurrence, circulation 

and distribution; their chemical and physical properties; and 

their relation with the environment, including their relation to 

living things” (Ballard et al., 2015). 

Impermeable “Will not allow water to pass through it” (Ballard et al., 2015). 

Indicator “A means of measuring, at least in part, the extent to which 

design criteria are achieved” (Ballard et al., 2015). 

Infiltration               (to 

the ground) 

“The passage of surface water into the ground” (Ballard et al., 

2015). 

Inlet “A structure or landscape feature that manages the flow into a 

SuDS component” (Ballard et al., 2015).  

Landscape “A term that encompasses the entirety of all external space, 

whether urban or rural, often considered in terms of their 

aesthetic appeal” (Ballard et al., 2015). 

Land use “The main activity that takes place on an area of land based on 

economic, geographic or demographic use, such as residential, 

industrial, agricultural or commercial” (Ballard et al., 2015). 

Management Train “The sequence of drainage components that collect, convey, 

store and treat runoff as it drains through the site” (Ballard et al., 

2015). 

Multi-functional “The degree to which a system can have or perform multiple 

functions” (Ballard et al., 2015). 

Non-potable water “Water not suitable for drinking” (Ballard et al., 2015). 

Pervious pavement “A surface that provides a pavement suitable for pedestrian and 

/or vehicular traffic, while allowing rainwater to infiltrate 

through the surface and into the underlying structural layers” 

(Ballard et al., 2015).  

Pollution A change in the physical, chemical, radiological or biological 

quality of a resource (air, water or land) caused by man or man´s 

activities that is injurious to existing, intended or potential uses 

of the resource” (Ballard et al., 2015). 
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Pond “Permanently wet depression designed to temporarily store 

surface water runoff above the permanent pool and permit 

settlement of suspended solids and biological removal of 

pollutants” (Ballard et al., 2015).  

Recharge “The addition of water to the groundwater system by natural or 

artificial processes” (Ballard et al., 2015).  

Resilience “The ability to recover quickly from an event or series of 

events” (Ballard et al., 2015). 

Return period “An estimation of the likelihood of a particular event occurring. 

A 100- year storm refers to the storm that occurs on average 

once every hundred years. In other words, its annual probability 

of exceedance is 1% (1:100)” (Ballard et al., 2015). 

Runoff “Water flow over the ground surface to the drainage system. 

This occurs if the ground is impermeable, is saturated or if 

rainfall is particularly intense” (Ballard et al., 2015). 

Sewer “A pipe or channel taking domestic foul and/or surface water 

from buildings and associated paths and hardstandings from two 

or more curtilages and having a proper outfall” (Ballard et al., 

2015). 

Sewer flooding “The blockage or overflow of a sewer causing it to flood” 

(Ballard et al., 2015). 

Soil “The terrestrial medium on which many organisms depend, 

which is a mixture of minerals (produced by chemical, physical 

and biological weathering of rocks), organic matter and water. It 

often contains large populations of bacteria, fungi and animals 

such as earthworms” (Ballard et al., 2015). 

Source control “The control of runoff at or near its source, so that it does not 

enter the drainage system or is delayed and attenuated before it 

enters the drainage system” (Ballard et al., 2015). 

Start block Was introduced in Malmö to improve the planning process. It 

takes place early, before the City Planning Committee has 

decided on whether the work plan will be implemented or not. 

This meeting makes it possible for different stakeholder’s views 

to be presented before the case goes on to the City Planning. 

Surface water management is discussed at the start block 

meeting (Malmö City, 2008)   

Surface water “Water bodies or flows that appear as a result of rainfall” 

(Ballard et al., 2015) 
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Sustainable Drainage 

Systems (SuDS) 

“Drainage systems that are considered to be environmentally 

beneficial, causing minimal or no long-term detrimental impact” 

(Ballard et al., 2015). 

Swales “A shallow vegetated channel designed to convey, treat and 

occasionally store surface water, and may also permit 

infiltration” (Ballard et al., 2015). 

Trapped areas Areas were the land is lower, for example a basin. The surface 

water is trapped and can't get away because of gravity” (Swedish 

Water, 2011a) 

Treatment “Improving the quality of water by physical, chemical or 

biological means” (Ballard et al., 2015). 

Waste “Any substance or object that the holder discards, intends to 

discards or is required to discard” (Ballard et al., 2015).   

Waste water Water used as part of a process that is nor retained but 

discharged. This includes water from sinks, baths, showers, 

WCs and water used in industrial and commercial processes” 

(Ballard et al., 2015). 

Water quality The chemical, physical, and biological characteristics of water 

with respect to its suitability for a particular purpose” (Ballard et 

al., 2015). 

Wetland “A pond with a high proportion of shallow zones that promote 

the growth of bottom-rooted plants” (Ballard et al., 2015). 
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1 Introduction 

1.1 Background 

The natural water cycle behaviour in a greenfield site differs greatly from the water cycle 

in urban areas. Normally when rain falls on a greenfield site it is soaked into the soil. Only 

when a particularly heavy rainfall occurs some of it will run off slowly over the surface to 

the nearest watercourse, pond or ditch. As a result, pollutants are either filtered by the soil 

or broken down by bacteria. (Hennelly, 2005).  

When these greenfield sites are developed much of the area becomes impermeable. As a 

result of the development the natural water cycle is altered drastically causing both the 

volume and rate of the runoff to increase dramatically. By using the traditional drainage 

systems conveying the water away as quickly as possible from a certain area the urban 

surroundings are protected from flooding and water damage at least temporarily. However, 

simultaneously the risk of flooding occurrences downstream increase (Essex County 

Council, 2014). Furthermore, this piped infrastructure, which primarily is below ground, 

has a limited capacity to cope with surface water. In heavy rainfalls the capacity of one or 

several parts of the drainage system can become full, subsequently generating surface 

water run-off and in worst cases flooding (DEFRA, 2008). However, by thus removing the 

rainwater quickly from the site the risk of lowering the groundwater surface in the area 

increases and the water flow to streams and ponds nearby decreases, resulting in 

desiccation (Icelandic Green Building Council, 2014).  

In older sewage systems the same pipe is used for surface water and sewage, creating 

problems for the waste water treatment plant process. When a large amount of surface 

water blends with the sewage, such as during heavy rainfall or when the surface snow 

melts quickly, the concentration in the water flow changes as the sewage concentration 

decreases. When this happens the efficiency of the treatment plant decreases as it is not 

designed for such high water levels and low concentration. In the worst case scenarios, the 

treatment plant is not able to handle the volume of the water, consequently it overflows 

and untreated sewage surges into the receptor (Andradóttir, 2012; DEFRA, 2008). Excess 

runoff pouring into the pipes, can also ultimately cause damage and maintenance problems 

(Hennelly, 2005). 

Cities are becoming denser and while the densification has positive effects, such as making 

the cities less car dependent and more pedestrian- and bicycle friendly (Halldórsdóttir, 

2012) the cities can simultaneously become less permeable consequently, channelling 

more water from hard surfaces and new households into the drainage and- sewer systems 

underneath the city. In addition, drainage systems in older parts of cities are in most cases 

designed in accordance with lower standards, catering for a smaller population than 

contemporary systems. Consequently, this densification puts extra pressure on an already 

compact system, increasing flood risk due to overflows (Mayor of London, 2015). 
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There is great uncertainty about the future of the planet’s climate, mostly because of 

increasing greenhouse gas effects and their unpredictable consequences. Climate change is 

one of the major factors causing higher temperature triggering extreme weather conditions, 

such as repeated spells of intensive rain (IPCC, 2014). In addition, as a result of rising 

temperatures glaciers are melting and causing sea levels to rise which will greatly increase 

the risk of flooding in urban areas (Eydísardóttir, 2015, Icelandic Green Building Council, 

2014), putting even more pressure on the sewage systems.  

This unsustainable approach to surface water drainage together with the change in weather 

patterns has caused and will continue to cause problems. Research show that the situation 

will potentially become worse if nothing is done to prevent them. The way that surface 

water runoff is managed must be changed (Essex County Council, 2014; Ballard et al., 

2015). One way to tackle the problem is to increase the capacity and efficiency of the 

current system. However, these would involve major constructions which would both be 

expensive as well as time consuming (Stockholm’s City, 2015; Andradóttir, 2012) 

however, these would nevertheless not address all the problems which are caused by 

current systems. 

1.2 Sustainable Drainage Solutions 

Sustainable Urban Solutions, hereafter referred to as SuDS, is considered a more 

sustainable and resilient way of dealing with surface water than the traditional wastewater 

collection systems. SuDS has in recent years become increasingly popular as an alternative 

to traditional pipe systems (Ashley et al., 2013). It has become such a growing standard of 

practice that now all around the world countries and cities have started implementing 

SuDS both for new and existing developments. SuDS is firmly established in countries 

such as the UK, Sweden, New Zealand, Australia and the USA (Hennelly, 2005). 

Furthermore, cities such as Portland Oregon, Copenhagen, Beijing, Dublin and Rotterdam 

have all implemented laws, legislations or policies towards the implementation of SuDS 

(Lukes and Kloss, 2008; Copenhagen City, 2012; Vojinovic and Huang, 2014; Hennelly, 

2005; Spaans and van Nieuwenhuijze, 2007).  

1.2.1 How SuDS Works 

SuDS systems is about mimicking nature’s way of dealing with rainfall just as nature has 

been doing from the beginning of time (Essex County Council, 2014). This is achieved by 

allowing as much as possible of the rainfall, captured at a specific site, to evaporate or be 

absorbed into the soil close to where it falls, nourishing the natural habitat. The rest of the 

water is then conveyed slowly into the nearest pond, ditch, watercourse or river via swales, 

ponds or other installations, to be released at the same rate and volume as it would in a 

natural environment. Along the way the water goes through a cleaning process, reducing 

pollutants such as metals and hydrocarbons from roads and car parks. Consequently, the 

water is cleaner than at the source when reaching the local watercourse and will not harm 

wildlife habitats (Bray et al., 2010; Essex County Council, 2014). The idea of SuDS 

systems is in principle to prevent development from interfering with the natural water 

cycle (Hennelly, 2005). 
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SuDS is designed to maximise the benefits and opportunities resulting from surface water 

management. SuDS can take on many forms and can be implemented both above and 

below ground. Some types of SuDS include planting others include manufactured 

products. SuDS can be used anywhere, it can be used in a new development and 

redevelopment and can even be retrofitted into existing developments. It can be 

implemented equally successfully in small as well as large spaces. Most SuDS schemes 

use a combination of different SuDS components to achieve the overall objectives of the 

site. Most sites pose some sort of challenges, however because of the available range of 

SuDS components and solutions, with timely engagement from the right experts effective 

SuDS schemes can be implanted for all developments (Ballard et al., 2015).  

1.2.2 Advantages of SuDS 

Resilient Water Quantity  

Implementing SuDS has many advantages, such as in addition to surface water control 

SuDS is resilient and can help urban areas cope sufficiently with severe rainfalls both at 

present and in the future. Simultaneously, SuDS takes a considerable load off the 

traditional drainage systems. SuDS also helps counteract some of the negative impacts 

which increasing urbanisation has put on water cycles, such as reduced infiltration which 

can lead to diminished ground water supplies (Ballard et al., 2015) as has been mentioned 

before.  

Water Quality Benefits 

SuDS promotes water quality by slowing down the system and infiltrating the water 

through the soil. When this happens, natural purification of the water occurs (Ballard et al., 

2015). Some sustainable drainage techniques can even be specially designed to remove 

pollutants. Because SuDS slowly releases water back into the receptor, they can increase 

the unnaturally low base flow that most rivers and streams close to urban areas experience 

and facilitate the overall water quality of the before mentioned watercourses (Mayor of 

London, 2015).     

Biodiversity Benefits 

Because water is an essential resource for development and growth of plants and animals, 

SuDS can be valuable assets for biodiversity, helping to provide important habitat and 

connectivity for wildlife in urban areas. Small isolated SuDS schemes, can deliver 

biodiversity values, however the greatest value is achieved when SuDS are planned as a 

part of a greater green landscape (Ballard et al., 2015). SuDS provide the ideal opportunity 

of bringing urban wetlands and other wildlife friendly green spaces into urban areas, 

creating blue-green corridors by linking these with existing habitats (Graham, Day, Bray, 

and Mackenzie, 2012). 



4 

 

Amenity Benefits 

SuDS can provide amenities to local communities improving the quality of life in urban 

spaces in which they are installed, by making them more visually attractive, vibrant, 

sustainable and more resilient to change than traditional surface water drainage systems 

(Graham et al.,2012). SuDS can also improve air quality, regulate building temperatures 

and reduce noise. Trees, grass and other green areas associated with SuDS can e.g. provide 

noise-absorbent barriers and surfaces and green roofs work as a sound insulation for 

buildings (Ballard etc., 2015).   

Communities Benefits  

The implementation of SuDS can deliver a wide range of blue-green spaces which can be 

used for walking, cycling, informal play, games, organised sports, etc., providing high-

quality public green spaces in which to relax, play and generally enjoy life (Graham et 

al.,2012). SuDS create opportunities to support education for both schools and 

communities, e.g. environmental community groups. High quality SuDS schemas, which 

are integrated from the start into the overall design of a development, can even drive up 

the economic growth of the area by attracting tourism and investments (Ballard et al., 

2015).   

Development Benefits 

It has been shown that in most situations it is less expensive to install and maintain SuDS 

than a traditional drainage system. In the conditions where SuDS are more expensive than 

drainage systems, it is primarily due e.g. to high cost of land. The SuDS can in most cases 

be designed as a multifunctional space such as a car park or a recreational area and in that 

way it reduces the cost of the overall scheme (Royal Haskoning DHV, 2012). SuDS tend to 

use less energy at all stages of the life cycle than traditional drainage systems and 

furthermore, saves energy through harvesting water at the source (Ballard et al., 2015).   

 

1.2.3 Perceived Challenges of SuDS 

Most sustainable drainage techniques have been tested and tried for a few decades and 

have come to be used increasingly around the world during recent years (Mayor of London, 

2015). However, the main perceived challenges of SuDS are the lack of expertise within 

the field of SuDS technology and the implementation of SuDS might cause some 

resistance from those involved in the process of the development, as is often the case with 

relative unknown technologies (Stahre, 2008). Consequently, better knowledge and 

understanding of SuDS by the stakeholders of SuDS is one of the key elements of 

successful implementation of SuDS. The stakeholders are e.g. governmental institutions 

overseeing planning and environmental issues, local authorities, professionals in urban 

development and the general public. The knowledge includes: 

1. Education and training for the stakeholders 

2. Local experience (will be developed in time) 

3. Data 
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Expert knowledge accumulates over time consequently, unfamiliarity with SuDS will 

cease to be a problem (Ballard et al., 2015).   

SuDS have to be suitably maintained as all other drainage systems, the positive aspect is 

that the maintenance is mainly above ground and therefore easier to spot and access than 

maintenance problems within the traditional drainage systems. Technical limitations are 

that SuDS might not work very well in areas with highly contaminated runoff, with almost 

no soil permeability or seasonal high groundwater tables There are however many types of 

SuDS components and with careful consideration and selections of SuDS components 

SuDS can be delivered anywhere (Ballard et al., 2015). In general dose SuDS not have 

many disadvantages and those that have been mentioned above are easily manageable. 

1.2.4 The SuDS Management Train  

The management train is a central design concept for SuDS. It describes the use of series 

of components that together provide the process to control the frequency, flow rate and 

volume of runoff, and the process to reduce concentration of contaminants to acceptable 

levels. Six specific functions are provided by SuDS components; they are (Ballard et al., 

2015):  

 Rainwater harvesting systems: components that capture rainwater and simplify its 

use within the building or local environment. 

 Pervious surface system: structural surfaces that water can penetrate through, thus 

reducing the volume of runoff that is conveyed to the drainage system, e.g. green 

roofs, pervious pavements. Many of these systems include some subsurface 

treatment and storage.  

 Infiltration systems: components that facilitate the waters infiltration into the 

ground. To accommodate runoff volumes, these often include temporary storage 

zones, before slow release into the soil.  

 Conveyance system: components that convey water flows to downstream storage 

systems. Where possible, these systems also provide treatment, volume and flow 

control, e.g. swales. 

 Storage systems: components that control the runoff flow and where possible the 

runoff volume being discharge from the site, by storing water and slowly releasing it. 

The systems may also provide further treatment of the runoff, e.g. ponds, detention 

basins and wetlands.  

 Treatment systems: components that remove or break down the pollution in the 

runoff through natural process. 

These components need to be applied progressively from prevention, source control, site 

control, through to regional control.  Figure 1 illustrates this process.  
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Figure 1 The SuDS management train (Essex County Council, 2014). 
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1.3 The Situation in Iceland  
 

The implementation of SuDS in Iceland is still at an early stage. It has so far only been 

used around a few buildings and in one new neighbourhood, Urriðarholt, which has been 

under development since 2007 (Garðabær City, 2006).  

The SuDS concept is mentioned in the Icelandic Planning Act (ísl: Skipulagsreglugerð). 

There is says that the aim is to convey surface water, such as rain water from roofs, into 

the soil instead of conveying it into sewage systems, where ever possible (Icelandic 

Planning Act and Regulations no. 90/2013). A National Planning Strategy document, (ísl: 

Landskipulagsstefna), was approved by the government of Iceland on the 16th of March 

2016. This document issues the first comprehensive strategy for national planning in 

Iceland. In this planning policy document SuDS is mentioned as a part of a healthy 

environment which municipalities should strive towards in their planning strategies 

(Parliamentary document 1027/2016, Congress Resolution on the National Planning 

Strategy 2015 – 2026). That SuDS should be included in the above mentioned documents 

is a very important step for succeeding successful SuDS implementation process in 

Iceland.  

The idea of SuDS implementation is mentioned in some Municipal Planning documents 

(ísl: Aðalskipulag), (Reykjavík City, 2010) and in the Site Planning stage (ísl: 

Deiliskipulag) it is often suggested that SuDS should be utilized (Íris Þórarinsdottir, oral 

reference, 28.04.16)). In the planning for Urriðarholt SuDS was incorporated into both the 

Framework plan part of the Municipal Plan (ísl: rammahluti aðalskipulags) and into all the 

Site plans (Urriðarholt, 2016). However, in what way the implementation process of SuDS 

in Iceland is to be carried out is yet to be defined and guidelines are still missing. 

1.3.1 Urriðarholt- The First Neighbourhood with SuDS in Iceland  

As mentioned above a new residential area Urriðarholt, is the first neighbourhood in 

Iceland where SuDS have been implemented in a whole neighbourhood. In Urriðarholt, 

SuDS have been implemented and planned as an integral part of the area, already from the 

start of the planning process. A lake below Urriðarholt, named Urriðarvatn, plays a central 

role in the water management system of the area and is also one of the areas main 

attractions with great biodiversity (Malmquist et al., 2006). If traditional drainage systems 

had been implemented to treat the surface water in the area, the ground water surface 

would have lowered and the water flow to Urriðarvatn would have decreased (Hjartarson, 

2006). This would have led to a substantial drop in the water table of the lake, the 

biodiversity of the lake would have been effected and one of the main attractions of the 

area would have been lost. With time it is possible that the lake would have mostly 

disappeared. By implementing SuDS, the surface water stays on location infiltrating into 

the ground slowly making its way to the lake, whilst being treated against pollution in the 

process. The lake and its ecosystem should therefore not suffer damage. (Garðabær City, 

2006).  
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1.4 Research Goal and Questions 
 

The purpose of this study is to identify the key factors for a successful implementation of 

SuDS in Iceland.  

This study aims to answer the following specific research questions: 

 What are the regulatory and policy frameworks needed to ensure a successful SuDS 

implementation?    

 How should SuDS be implemented into the different stages of the municipal 

planning process in Iceland? 

 Which Icelandic stakeholders need to collaborate in the SuDS implementation 

process and how should responsibility be divided among them?   

 What is the status of the Icelandic knowledge base required for SuDS, such as data 

availability, education and training? 

This study is an important step towards realising how to successfully implement SuDS in 

Iceland as well as to analyse which data is available in Iceland and whether there is any 

important data missing from the Icelandic database.   

1.5 Structure of Thesis 
 

At the beginning of the thesis methods will be examined. Subsequently two case studies 

are made, one on Sweden and one on England, two countries that have already 

implemented SuDS successfully. The case studies cover the history of SuDS in these two 

countries respectively as well as the planning strategies and data needed to implement 

SuDS. Key factors for a successful SuDS implementation are highlighted. Two essential 

Manuals regarding the SuDS planning and implementation process are reviewed closely, 

one from each respective country.  

Chapter five goes through the relevant findings and answers the research questions 

systematically. This part begins by discussing the life cycle of SuDS in Iceland and 

presents the three key success factors for a successful SuDS implementation. Subsequently 

regulatory and policy frameworks for SuDS are proposed and then a proposal of how 

SuDS should be implemented into the Icelandic planning process is presented. Then the 

collaboration and responsibility between the relevant stakeholders in Iceland are discussed. 

A collection of data needed to implement SuDS and the database status in Iceland are then 

discussed and finally is a discussion about the knowledge, information and training needed 

in Iceland to implement SuDS in a successful way. The conclusions summarise the results 

and discuss future research.   
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2 Methods 

2.1 Literature review 

To increase the likelihood of a successful SuDS implementation in Iceland it is important 

to look to other comparative countries that have already been successful in the 

implementation of SuDS. The first part of the research consisted of conducting a literature 

review of two countries: Sweden, which has a long SuDS history, dating back to the 1980s 

and was the first Scandinavian country to implement SuDS. England which has been very 

successful in implementing SuDS on a large scale in the past decade and has to day an 

impressive network of laws and legislations regarding the implementation of SuDS both at 

the national and local level. Both countries are geographically not far from Iceland and 

have similar cultures and weather patterns, e.g. lot of rain and clear distinction between 

summer and winter. They are for these reasons good examples to look at, learn from and 

compare to when it comes to implementation of SuDS in Iceland.  

The literature review focused on reviewing key laws and regulations, key implementation 

factors and comprehensive national manuals from both countries. The focus was also on 

identifying the general stakeholders, their roles and responsibilities, the implementation 

steps and data needed to implement SuDS. General legal documents, national and local 

guidelines and Ice documents (Institution of Civil Engineering) where used to gather this 

information. 

Literature for Urriðarholt, the only Icelandic neighbourhood to implement SuDS was 

looked at and the Icelandic legal system was reviewed to identify if SuDS is mentioned in 

any context.   

2.2 Preliminary synthesis and results 

After having examined closely information from the two case studies, preliminary results 

were written. These results were presented on the science day at Reykjavík Energy 

(Vísindadagur OR) on the 14th of March.  

Consultation was then sought to assist with realizing the landscape of the data base in 

Iceland and general data arrangement. 

The teacher in the course LAN617/ LAN212 at the University of Iceland, Gunnlaugur M. 

Einarsson, provided assistance and information regarding the collection of the various GIS 

data sources in Iceland e.g. the National Land Survey of Iceland’s website and Reykjavík’s 

municipal website. This assistance took place in Mars and the beginning of April 2016. 
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Consultation from Árni Geirsson, a Ph.D. in engineering at Alta consulting. was sought in 

the form of a meeting on the 23th of March. He provided knowledge and information 

about data gathering, data arrangement and data use in general and offered guidance on 

data presentation and results.   

2.3 Interviews and final results 

In the third and final part of the research preliminary conclusions were presented to 

selected experts who would be involved in the implementation of SuDS. The goal was to 

get feedback on the ideas and the preliminary conclusions that had developed through the 

literature study and to get information on what knowledge and data is available within the 

relevant institutions in Iceland. 

An oral interview with Einar Jónsson, the division head of Strategic Planning and 

Development at the Icelandic National Planning Agency, was conducted 04.04.16. 

Information about the prior knowledge on SuDS was sought and general question about the 

SuDS implementation and legal instruments regarding SuDS were asked. These where the 

questions:  

 Has the Icelandic National Planning Agency started to implement SuDS? If yes, in 

what way?  

 Has the Icelandic National Planning Agency been seeking knowledge from the 

neighbouring countries regarding SuDS?  

 What approach wants the Icelandic National Planning Agency take in regard to 

SuDS?  

 Dose the Icelandic National Planning Agency plan to publish best practice guidelines 

for SuDS?  

 To implement SuDS interdisciplinary collaboration between different organisations 

needs to occur. Dose the Icelandic National Planning Agency have any opinion on 

what organisations need to be involved and when and in what why this collaboration 

needs to happen?  

 At what stage in the planning process dose the Icelandic National Planning Agency 

force that the research and preparation for SuDS needs to happen?    

 Has the Icelandic National Planning Agency any opinions on who should be 

responsible for the various factors related to SuDS?  

 

The interview was followed up with e-mail correspondence, during the time period April – 

Mai 2016 to get further information on the planning process in Iceland and the Statutory 

Consultees of the planning process. Jónsson was also asked to read through and approve 

sections in chapter 5.1. regarding Statutory Consultees.  
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An Oral interview with Davíð Egilson, the group leader for the water research group at the 

Icelandic Meteorological Office (IMO), was performed 12.04.16. Information about the 

before known knowledge on SuDS and information regarding the status of hydrology data 

needed in order to implement SuDS was sought. To get the information the following 

knowledge was requested and questions asked:   

 What is the status of the Water bodies viewer (Vatnhlotavefsjá)? 

 Has the ground water level in Iceland been mapped or is there some sort of data 

available about the ground water levels?  

 What is the status on short rain duration data in Iceland? 

 

The interview was followed up with e-mail correspondence, during the time period April – 

Mai 2016, to get further information on the hydrology data in Iceland. Egilson was also 

asked to read through and approve sections in chapters 5.4.2, 5.4.3, 5.4.10 and 5.4.11. 

regarding the status of hydrology data in Iceland. An additional meeting was held on the 

19th of May 2016 to go over these sections and refine them before approval. Gerður 

Stefánsdóttir, the Environmental research group leader at the IMO was also present at this 

meeting.   

To gather information about the geological data in Iceland as well as data about vegetation 

and biodiversity, Lovísa Ásbjörnsdóttir, the head of the apartment for Graphical 

Information at the Icelandic Institution for Natural History was contacted through e-mail 

correspondence in May 2016. Ásbjörnsdóttir was also asked to read through and approve 

sections in chapter 5.4.7 and 5.4.9. regarding the status on soil data and vegetation data in 

Iceland. 

Information about the soil, bedrock and vegetation data for the Municipality area can be 

found on the Icelandic National Energy Authority website. To gather confirmation about 

the availability and further information about this data, Þórunn Erla Sighvats, specialist 

regarding information at the Icelandic National Energy Authority was contacted (cf. 

chapters 5.4.7, 5.4.8 and 5.4.9) by telephone and e-mail correspondence in May 2016.     

The Agriculture University of Iceland has data on the soil in Iceland. To gather 

information about this data Ólafur Arnalds professor at the Agriculture University was 

contacted via telephone in the end of April, 2016. Arnalds provided information about the 

data and a website with further information about this data (cf. chapter 5.4.7).  

Halldór Björnsson, the group leader of Weather and Climate Change at the Icelandic 

Meteorological Office was contacted through telephone to gather information about the 

rising sea level data in Iceland, due to climate change (cf. chapter 5.4.4.). This telephone 

conversation took place in the beginning of May, 2016.   

Íris Þórarinsdóttir, technical sewage director at Veitur ohf., informed both orally and 

through e-mail correspondence information about SuDS in the Municipal planning stage 

and the Site Planning stage in Iceland (cf. chapter 1.3) in the period Mars – April 2016.    
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3 The Swedish case 

Sweden’s SuDS history dates back almost three decades to the year 1989, which is more 

than the history of SuDS in most countries. Malmö, a city in the south part of Sweden, was 

the first city to implement SUDS with the chef of the Water and Drainage Department (VA 

SYD) in Malmö, Peter Stahre, in the forefront. The local authorities in Sweden have a very 

strong influence on physical planning. This may have helped implementing a new concept 

such as SuDS on a larger scale, as the cities then have more power over the course of 

events (Stahre, 2008). Following Malmö’s lead, most cities in Sweden have presented 

detailed policy documents on how surface water should be managed in a sustainable way 

and detailed national guidelines have been published. In the following sections the history 

behind the implementation at the national and local levels will be reviewed. Subsequently 

the focus will be on best practices guidelines set at the national level for ensuring 

successful implementation of SuDS. 

3.1 The SuDS History (Laws and Legislation at a 
National Level) 

The first traditional underground piping systems in Sweden was constructed in the late 

1800´s in the bigger cities in Sweden, such as Stockholm and Gothenburg. As in Iceland 

those older piping systems in Sweden had everything mixed together, surface water, grey-

water and black-water and no cleaning of the water was done before the water reached the 

receptor. This led to extensive pollution of rivers, waters and seas around cities. To deal 

with the pollution problem waste water treatment plants were created to clean the water 

(Environmental Protection Agency of Sweden, 2006). Due to the fact that all types of 

water were mixed together the systems volume gradually became too much for the 

treatment plants to handle. To tackle this problem all piping systems made in Sweden after 

the 1960’s separates the surface water from the rest. The surface water now went untreated 

directly to the receptor (Stahre, 2004).  

3.1.1  How It Started (1970s) 

From the beginning of the 1970´s more attention was drawn to the quality of urban runoff 

and the term “LOD” (s.lokalt omhändertagande av dagvatten, e. water handled locally) was 

introduced in Sweden. At the beginning the purpose of LOD was to preserve ground water 

levels and delay the system. Unfortunately, many of LOD solutions resulted in failure due 

to incorrect calculations or misinterpretation (Swedish Water, 2011a). A number of people 

also believed that LOD meant that all the water in the area would be dealt with, without 

the need for additional drainage systems. This led to flooding in areas with dense soil, 

which had poor infiltration (Swedish Water, 2011a). Consequently, LOD obtained a bad 

reputation which was attributed to that type of system in years to come.  
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It was then in the 1980’s in the city of Malmö under the leadership of the pioneer Peter 

Stahre that the SuDS implementation started as stated above. In collaboration with other 

administrations Stahre transformed the sewage system of Malmö into a sustainable sewage 

system. There will be a more detailed discussion on Malmö and Stahre in chapter 3.2 

below.   

3.1.2 Swedish and European Urban Planning Legislation 

Since sustainable surface water management and planning is a part of the bigger urban 

planning picture, legislation for building and environment is the best tool to use as suitable 

control instruments in sustainable surface water management. Legislation of this kind in 

Sweden are the Planning and Building Act (Plan- och bygglagen (PBL SFS 1987:10)) and 

The Environmental Code (miljöbalken (SFS 1998:808) (Malmö City, 2008). The Planning 

and Building Act establishes guidelines and rules for surface water management, including 

flow requirements, water treatment requirements, elevation and the lowest limits of the 

allowed ground level building requirements etc. In the Environmental Code there are 

several sections concerning water operations and environmental and water quality. 

Consequently, it plays a substantial role in surface water management (Malmö City, 2008).      

In October 2000, the European Union (EU) adopted a Water Framework Directive (WFD). 

The directive provides a common framework for water management and protection in 

Europe. The WFD requires expanding the scope of water protection covering all water 

(Surface water and ground water) and all EU member states are required to have achieved 

‘good’ status of all water bodies (Surface water and ground water) by 2015 (Priestley, 

2015). According to Swedish Water (the trade association for water services companies in 

Sweden), the water authorities in Sweden are responsible for implementing WFD and 

achieving good water quality status for all river basins in Sweden. To work towards this 

goal, the water authorities have formulated eight challenges to work towards. They are as 

follows:  

1. Reduce eutrophication 

2. Minimise the effects of climate changes 

3. Protect groundwater 

4. Create a balance between the fishing industry and sustainable stocks 

5. Prevent seepage from contaminated soil or sediment 

6. Restore migration routes for fish, etc. 

7. Implement flood prevention and 

8. Minimise discharge of toxics   

 

According to Swedish Water (2011a), when implementing SuDS challenges, 1,2,3,7 and 8 

need to be the central goals to strive towards. Point 5 could well fall within that category 

as well.   
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In 2006 The Swedish parliament approved new laws regarding water management called 

The Water Service Act (s. Vattentjänstlagen), which forms the basis of regulations 

regarding water and sewage treatment. The major changes which have been made from 

previous legislation is the inclusion of the protection of the environment, where before 

there had only been mention of humans and animals (Swedish Water, 2011b). 

The announcement from Swedish Water in 2007 called M134 “Climate change impact on 

public sewage systems” states that in future developments, the water drainage from the 

buildings should be a decisive parameter and should be considered from the initial stages 

of the development. The announcement furthermore states, that in order to be able to 

address the more extreme rainfalls in the future, SuDS need to be implemented (Swedish 

Water, 2011a).  

3.2 Local level: The Frontrunner Malmö 
Municipality 

LOD was the start of a new way of thinking about surface water management and is today 

considered the first step in the sustainable surface water management chain (Stahre, 2004). 

In the 1980´s the water company Malmö Water, with Peter Stahre in the forefront had had 

problems with the peak flow in urban runoff from some new housing areas and was 

interested in finding new technical solutions to the problem. The first sustainable urban 

drainage project, “Toftanäs Wetland Park”, was implemented during 1989-1990. At this 

time, environment and ecology were only beginning to emerge as issues of importance in 

Sweden. This first project was at the beginning met with much scepticism from other 

technical departments in the city. But the project became a success and attracted a lot of 

interest both in and outside Sweden (Stahre, 2008) which encouraged Malmö Water to 

continue developing a more sustainable urban drainage system. In the 1990’s the technical 

skills and experience of this new approach gradually improved and it became a period of 

transition. During this time scepticism faded and institutional barriers between the 

technical departments in the city were gradually overcome (Stahre, 2008). According to 

Peter Stahre one of the reasons for the success of the system was that Malmö Water in 

alliance with the department of Parks & City Environment was able to carry out a number 

of successful drainage projects. This would not have been possible, he says, without an 

active involvement of the top management of the departments. Stahre (2008) states that the 

key to success is that the planners and engineers involved in the planning process are 

flexible and open-minded regarding the possibilities offered by the concept of SuDS. In the 

end of the 1990’s the new ideas had generally been accepted throughout the city 

administration.  

3.2.1 Malmö Surface Water policy (2000)  

In 2000, the city of Malmö published a Surface Water Policy document, describing the 

general principles for managing surface water in a new and sustainable way. The policy 

outlines how to achieve an ecologic, economic and aesthetic sustainable surface water 

management (Malmö City, 2000). It emphasizes that to achieve the best results, it is 
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important that there is an open and reliable collaboration between technical departments in 

the city and other stakeholders during the planning process. It is pointed out that surface 

water has to be taken into account at a very early stage in the planning process and that the 

main features of the drainage scheme should be planned, already in the city’s general plan 

(Malmö City, 2000). The document emphasises that there should be ambition to lay out 

open green corridors on public land. The surface water runoff from new developmental 

areas could subsequently be diverted into these corridors. The document further states that 

it is important that the subsequent detailed plan focuses e.g. on the elevation of the ground, 

to secure efficient drainage in the new housing areas (Malmö City, 2000). 

3.2.2 Malmö Surface Water Strategy (2008) 

With time, the interest for SuDS grew and the city officials felt a need for a more detailed 

directive for the surface water management (Stahre, 2008). In 2008 a new directive was 

accepted by politicians. The directive is called The Surface Water Strategy for Malmö 

(Dagvattenstrategi för Malmö) and is intended to serve as a “communication platform” for 

everyone involved in the planning and design of SuDS. This document, unlike the national 

document P105 discussed below, emphasizes the roles and responsibilities of different 

stakeholders. It is important to clarify who is responsible for every phase in the planning 

and implementation of sustainable urban drainage to prevent misunderstandings and 

confusion.  

Pollution contents and nutrients differ greatly depending on land use, chemical use, 

precipitation and seasons. The pollution content in the surface water determines which 

treatment measures are chosen and how the SuDS is designed. The document categorizes 

surface water according to its pollution characteristics to make it easier for those 

implementing SuDS to design their solutions accordingly. (Malmö City, 2008). The 

document also includes a categorization of all receiving receptors in the area, because 

when managing surface water, it is necessary to consider the status of the receiving water. 

It is also important to know what type of receiver the surface water is going into, whether 

it is a small watercourse with very low flows, a big river with very large flow, a lake or the 

ocean (Malmö City, 2008).  Even though the first version of the Surface water directive 

was adopted in 2008, as mentioned above, Malmö authorities intend to revise and update 

the document in keeping with the development of the SuDS system. (Stahre, 2008).       

Thanks to Peter Stahre and Malmö Water the city of Malmö has developed progressively 

towards achieving sustainable surface water management and has in the process gained 

extensive experience and knowledge which will benefit not only the city of Malmö but 

others as well.  
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3.3 Best Practices: National Guidelines P105 
(2011) 

In 2011 Swedish Water publishes Sustainable Surface- and Drainage Water Management 

hereafter referred to as P105 (Swedish Water, 2011a). This report documents the Swedish 

experience from the last three decades in the form of guidelines on successful 

implementation of SuDS. The purpose of the guidelines is to instruct how surface water 

should be handled in a sustainable way, in the planning- and building process. Surface 

water management in Sweden had previously been considered a problem to be solved by 

local municipalities (utilities). By publishing the guide, Swedish Water wants to raise the 

issue of surface water to the next level viewing it as a resource rather than a problem, 

emphasising that SuDS should be included in the whole planning process from beginning 

to end. The guide is intended to provide a forceful surface water management that will be 

efficient in today’s climate as well as the ever changing climates of the future.  

P105 emphasises the importance of designing sites in such a way that they can handle 

extreme rainfall without damaging the built environment. It states that even in places 

where regular piping systems are used instead of SuDS there should be some above ground 

possibilities to handle water in case of extreme rainfall. It also states that the instantaneous 

flow and pollution to the receptors from surface water should be minimised by using SuDS 

cleaning methods. Hazardous substances in the water should also be minimised through an 

active upstream effort choosing materials and restricting polluting activities in order to 

reduce pollution. Special requirements have to be made for the management and cleaning 

of surface water, for places where hazardous activities occur (P105, chapter 1).  

3.3.1 The Foundations for a Successful Planning (P105) 

 The P105 Manual states, just as the chapter on Malmö, that there needs to be good 

collaboration between the different stakeholders involved in the planning process, the 

surfaces water issues need to be thought of early in the planning process and it needs to be 

clear early with whom the responsibilities regarding surface water lie. P105 states also that 

creating strategic surface water principles is a good way to start the process of managing 

surface water in a sustainable way. Sections 3.3.2 and 3.3.3. discuss examples of strategic 

principles and collaboration and responsibilities.  

According to P105 the data which needs to be included in the planning of surface water 

management in a new settlement is as follows: knowledge of the highest water level in the 

receptor and highest surface water volumes in the drainage systems. Extreme surface water 

situations should also be included.  With regard to this data, secure elevation for the new 

settlement can be planned. Data on how sensitive the receptor is, with regard to the flow, 

pollution and nutrients, should be collected, as well as the pollution content of the water. A 

map should be made, which shows different types of pollution sources in the area, such as 

different establishments, traffic, industry, housing areas and associated environmental 

impacts. (P105, chapter 2). 
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3.3.2 Strategic Principles for Surface Water Management   

To have a vision for the management of surface water and strategic principles that 

strengthen that vison is a good way to start working with the surface water issues. Many 

cities in Sweden have to day published visions and surface water strategies. One example 

is the vision of Malmö’s surface water management that is presented in Malmö’s Surface 

Water Policy document. Its central idea is a vision of the integration of quantity, quality, 

design, and biodiversity. The following strategic goals are subsequently identified as a 

means to managing surface water in Malmö city (Malmö City, 2000): 

 Urbanization should not affect natural water balance 

 Pollutants is to be to the greatest possible extent kept away from urban runoff 

 Drainage system design along the runoffs way to the receiver should aim at the 

removal of pollutants 

 The system is to be designed to prevent flooding in heavy rainfalls 

 Wherever possible surface water is to be viewed as a positive resource in urban 

landscape 

 

The first and the last sentences above are both highly radical and force people to consider 

surface water in a totally new way. Thanks to the policy document the urban drainage 

problems in Malmö, have become more generally recognized by different technical 

departments and stakeholders in the city. As a result, the communication between the 

departments involved in the planning process have become smoother (Stahre, 2008).     

3.3.3 Collaboration and Responsibility 

The collaboration, roles and responsibilities of different stakeholders in the SuDS 

implementation process need to be clear as has been stated before. In the document Malmö 

Surface Water Strategy, the responsibility and collaboration between different stakeholders 

is described.  

The responsibility of the different aspects of SuDS in Malmö is distributed among 

different technical administrators. Every administration has a different part to play in the 

various processes of planning, design, construction, operation and maintenance of SuDS. 

In addition to the technical administrations there are also other parties who have enormous 

responsibility at different stages, such as developers, consultants and contractors. Table 1 

shows the responsibility of the different technical administrations in Malmö. (Malmö City, 

2008). The tables that follow, tables 2, 3, 4 and 5, show the different responsibilities that 

the departments have at different stages of the SuDS implementation.  
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Table 1: The responsibility of different administrative actors (Malmö City, 2008). 

Stakeholders Their Roles 

The Environmental 

Administration 

(Miljöfarvaltningen) 

Perform supervision in accordance with the Environmental 

Code (s. Miljöbalken). It is their role to highlight the 

environmental effects which surface water has on the 

environment.   

The Real Estate Office 

(Fastighetskontoret)  

Has different roles in the process, depending on whether or 

not it is the municipality that owns the land in question. In 

the cases where the municipality is the landowner the Real 

Estate Office takes the role of a developer and must 

therefore consider the surface water questions. Even if they 

are not the developer it is still their responsibility to secure 

that the surface water questions are included (when 

appropriate) in the contract.       

City Planning 

(Stadsbyggnadskontoret) 

Responsible for the planning process. Regarding surface 

water, the city planning has to ensure that Water and 

Drainage Department, here after referred to as VA SYD, 

and the Street and Park Department are included in the 

planning process and that the surface water questions are 

raised, at an early stage.     

The Water and Drainage 

Department (VA SYD) 

VA SYD, has the overall knowledge of the conditions of 

surface water management. It also has the main 

responsibility of surface water in terms of expansion, 

strategy, structures and skills. It is important to work in 

close connection with VA SYD early on in the planning 

process.   

The Street and Park 

department 

(Gatukontoret) 

Responsible for the public areas within the municipality. 

Therefore, it is often that department which builds and 

manages the open surface water facilities. In some cases, 

the Street and Park Department manages facilities for VA 

SYD. 

Shared Responsibilities All administrative departments have a joint responsibility to 

document and evaluate the whole process. This also means 

that prior to starting a new project information about 

previous projects should be gathered.  
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The Planning Process 

As has been pointed out previously, in order to design and obtain as good and efficient 

urban environment as possible surface water issues must be thought of at an early stage in 

the planning process. This applies to both the Comprehensives Plan (s. Översiktsplan) and 

the Detailed Plan (s. Detaljplan) stages.  At the Comprehensive Plan stage it is important 

to study the natural surface water conditions in the area in question. Malmö has learned, as 

has been mentioned, through the transition period that there needs to be good collaboration 

between the different technical departments in the city throughout the planning process. 

For example, VA SYD (the Water and Drainage Department) is from an early stage 

involved in the issue of surface water which becomes a holistic part of the planning 

process by including it in the plan already in the initial stages. The designers can then use 

the surface water knowledge in the overall design.   

Table 2 The roles and responsibilities of stakeholders in the planning process (Malmö City, 2008). 

The Stakeholders The Roles and Responsibilities 

The Environmental 

Administration 

(Miljöfarvaltningen) 

They are involved from the start in meetings and the consultant 

party.  

The Real Estate 

Office 

(Fastighetskontoret) 

Responsible for areas where Malmö city is the owner and are 

responsible for including and highlighting SuDS in the project 

description. It also funds everything regarding SuDS, such as a 

surface water plans and a terrain model. When Malmö City is not 

the owner the Real Estate Department's task establish a 

development agreement with the developer concerning SuDS. 

City Planning 

(Stadsbyggnad-

skontoret) 

Responsibility of the Startblock, where surface water is considered 

among other thing. In the Startblock decisions on whether the 

project moves forward and in what way surface water will fit into 

the plans.  If the project moves forward the City Planning is 

responsible for a formal start meeting with all the key stakeholders. 

Surface water is also discussed here. The City Planning office is 

also responsible for ensuring that a surface water investigation is 

carried out and that enough land is reserved for SuDS. 

VA SYD                      

(The Water and 

Drainage 

Department) 

Responsible for putting SuDS management requirements into the 

detailed plan. VA SYD should already in the Startblock highlight 

the surface water issue and they make a surface water investigation 

for every project, which answers questions concerning the need for 

delay and technical conditions. If a more thorough investigation is 

needed the consultant performs it. Collaboration should be with 

those who are responsible for maintenance from in the start.  

The Street and Park 

department 

(Gatukontoret) 

They are responsible for the aesthetic, recreational and ecological 

aspects of the SuDS facilities. If at all possible efforts should be 

made to have the green spaces multi-functional.  
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Design 

After a detailed plan has been drawn it is time to design the new area. The surface water 

design can be a traditional drainage system, SuDS or both. When SuDS are implemented 

on private properties it is the landowner’s responsibly to make certain that SuDS are 

designed, constructed and maintained.  

Table 3 The roles and responsibilities of stakeholders in the design phase (Malmö City, 2008). 

Stakeholders The Roles and Responsibilities 

The Environmental 

Administration 

(Miljöfarvaltningen) 

Responsible for evaluating any land investigation that is made in 

the association with the design. 

The Real Estate 

Office 

(Fastighetskontoret) 

Responsible for legal issues regarding property. This can include 

reserving land for surface water facilities. In the cases where The 

Real Estate Office is responsible for the project, they should 

contact the City Planning and VA SYD to discuss surface water 

solutions which fit inside the requirement frame that has been 

made in the detailed plan. 

Private Developer If a private developer is responsible for the project, he is 

responsible for contacting the City Planning and VA SYD to 

discuss surface water solutions which fit inside the requirements 

that have been made in the detailed plan. 

City Planning 

(Stadsbyggnads-

kontoret) 

Provides information about surface water requirements decided in 

the detailed plan. It is also their responsibility to make sure that 

these requirements are observed.  

VA SYD             

(The Water and 

Drainage 

Department) 

Responsible for calculating the hydraulic capacity and the size of 

the surface water facilities for SuDS and traditional systems. 

During the design period an object-specific agreement regarding 

the facility costs, operation and maintenance of the surface water 

system is made between them and the Street and Park Department. 

A management plan for the system is also made in connection with 

the agreement. The design cost for surface water systems on public 

land should be divided between VA SYD and the Street and Park 

department (How they divide it should be decided in the object- 

specific agreement). In general, VA SYD pays for the design of 

the technical part of the design plan and the Street and Park 

department pays for the design of facilities regarding aesthetics 

and landscape planning. The development project pays for the 

Street and Park department’s cost in general.  

The Street and Park 

Department 

(Gatukontoret) 

In addition to what has already been mentioned the department is 

also responsible for SuDS that drains the roads (does not apply to 

VA SYD roads).  
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Construction Phase 

The construction phase is defined as the time during which the surface water facilities 

are built. The roles and responsibilities of the different technical departments in Malmö 

during the construction phase are listed in Table 4 below. 

Table 4 The roles and responsibilities of stakeholders in the construction phase (Malmö City, 

2008). 

Stakeholder The Roles and Responsibilities 

The Environmental 

Administration 

(Miljöfarvaltningen) 

Their only role in the construction phase is to be the 

regulatory authority. 

The Real Estate Office 

(Fastighetskontoret) 

In the projects where The Real Estate office is the developer, 

it has the responsibility of coordination and overall 

management 

City Planning 

(Stadsbyggnadskontoret) 

Responsible for holding a construction consultation meeting 

regarding building application for new constructions when 

this is required. The client and his quality manager are called 

to this meeting. The surface water management is one of the 

meeting’s issues. 

VA SYD (The Water and 

Drainage Department) 

Together with the Street and Park department they are 

responsible for implementing SuDS according to the object- 

specific agreement. 

The Street and Park 

Department 

(Gatukontoret) 

The project manager for the SuDS project is generally from 

the Street and Park Department and as a result the office 

holds the main responsibilities of the implementation. 

Parallel to the implementation of SuDS, building layout of 

SuDS should be made. The SuDS is then forwarded to the 

respective operating departments of the Street and Park 

Department and VA SYD respectively. 
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Operation and Maintenance  

During the warranty period, the entrepreneur is responsible for the management. 

Subsequent to this period care takeover occurs.  From the first stage to the end all 

departments are responsible for documenting and evaluating the entire process. The 

experience and the learning outcomes should also be documented. In Table 5 below there 

is a list of the roles and responsibilities of the technical departments in Malmö during the 

operation and maintenance period. 

Table 5 The roles and responsibilities of different stakeholders in the operation and maintenance 

phase (Malmö City, 2008). 

Stakeholders The Roles and Responsibilities 

The Environmental 

Administration 

(Miljöfarvaltningen) 

Only supervising.   

The Real Estate Office 

(Fastighetskontoret) 

Besides the documentation and evaluation of the planning 

and implementation process the Real Estate Office has no 

role during the operational and maintenance phase. 

City Planning 

(Stadsbyggnadskontoret) 

Besides the documentation and evaluation of the planning 

and implementation process the City Planning office has no 

role in the operational and maintenance phase. 

VA SYD (The Water and 

Drainage Department) 

Has the fiduciary responsibility for the hydraulic capacity 

and water quality of SuDS. It manages the inlet and outlet 

devices and investigates the possible damages to or by the 

SuDS. VA SYD and the Street and Park Department are 

responsible for the hydraulic design, recreational function 

etc. are not changed without administrative approval from 

the other departments. Operation and maintenance costs of 

facilities along the roads of the area are funded by the Street 

and Park Department. Operating and maintenance costs for 

other SuDS facilities on public land are paid by the VA 

SYD. 

The Street and Park 

Department 

(Gatukontoret) 

Performs operation and maintenance of the SuDS according 

to the management plan in the object- specific agreement. 

This constitutes in principle everything except the inlet and 

outlet, such as slopes, vegetation and water surfaces. See VA 

SYD above for other things regarding the Street and Park 

Department. 
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3.3.4 Stage 2 - Detailed Comprehensive Plan  

The Detailed Comprehensive plan is drawn up to acquire a broader perspective of the 

environment in the area as mentioned before. The basic principles of the detailed 

Comprehensive Plan are (P105, chapter 5): 

  To place dwellings at higher levels and green spaces at lower levels  

  To delay the surface water through infiltration and detention and 

  To clean the surface water on its way to the receptor through vegetation    

In a Detailed Comprehensive Plan, a contour map with existing roads and houses is used. 

The following steps listed in Table 6 subsequently need to be taken:   

Table 6: Important steps in the Detailed Comprehensive plan (P105, chapter 5). 

Step   Execution 

Elevation of the Area   Identify low paths and low points in the landscape. These areas 

should be used to delay surface and storage water during heavy 

rainfalls. By carefully placing the settlements and SuDS solutions 

in the right elevations extreme rainfalls should be able to occur 

without damage to properties. 

Catchment Area Determine catchment area, natural conditions, flow paths and 

watersheds. By identifying the watersheds, the area might split 

into more than one different catchment.  

Existing Infrastructure  The location of the existing infrastructure needs to be thoroughly 

documented so that the new infrastructure can be adjusted to the 

existing one.  

Water Protection Area If the new development goes through a water protection area 

special measures need to be made in the planning process for 

handling surface water or contaminated liquids, should there be 

an accident in these area (e.g. involving a transportation vehicle 

transporting hazardous goods). This needs to be addressed early in 

the process.           

Receptors Map out the receptors that will be affected due to the 

constructions and determine the cleaning requirements for the 

water. 
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Recharge and Discharge 

Areas  

Identify the recharge and discharge areas for groundwater. In 

principle dwellings should be located in recharge areas because 

there the possibility for drainage and infiltration is better than in 

discharge areas. Surface water should be handled as close to the 

source as possible. By infiltrating the water inside the area the 

water recharge is ensured.  

Groundwater Surface  The variation and top level of the groundwater surface in the area 

needs to be available. If this information does not exist evaluation 

needs to be carried out. For the evaluation to be correct many 

years of groundwater data from the area is needed. 

Geotechnical and Geo-

Hydraulic Information 

Information from before geotechnical investigation of the area 

and surrounding areas is required and subsequently decisions on 

the scope of a comprehensive geotechnical and geo-hydraulic 

survey determined. When doing the comprehensive survey aerial 

images should be utilized and spares sound should be performed 

to determine the approximated firmness of the soil. Areas with 

poor bearing capacity e.g. clay and wetlands must be mapped.  

Vegetation Description of the vegetation in the area and surrounding areas 

needs to be performed. Many questions can be answered by 

looking at the vegetation, such as how much moisture is in the 

area, which parts need to be preserved due to environmental or 

aesthetic reasons or what areas can potentially be used as a 

recourse for handling surface water. Swamps are for example 

excellent for detaining and cleaning water. 

 

The Detailed Comprehensive Plan must state clearly what the most secure areas are when 

it comes to extreme rainfall and flooding. Places for implementation that are included in 

SuDS e.g. runoff paths, green areas and water storage must be preserved. 
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3.4 From planning to implementation and 
maintenance 

The life cycle of SuDS in Sweden can be divided into five different stages. Three planning 

and design stages, one implementation stage and an operation and maintenance stage. It 

starts with a comprehensive plan and subsequently goes gradually into more specific detail 

from ideas on a map to delivering construction information to developers and future 

owners. In table Table 7 the three planning and design stages are described in a few brief 

sentences.  

Table 7: The Different Phases of the Planning Process. 

The Planning Process Stages Description 

1. The Comprehensive Plan 

(Översiktsplan) 

It aims at documenting the local conditions and 

establishing general principles for the development of the 

area. These principles form the basis of the next phase, 

the detailed comprehensive plan.  

2. The Detailed 

Comprehensive Plan 

(Fördjupad översiktsplan/ 

planprogram)  

Should the planning of an area require more detailed 

study the detailed comprehensive plan is drawn up of the 

environment and the possible impact it will have on the 

area. If the detailed comprehensive plan is not required, 

some of the elements of that plan will instead be 

implemented into the comprehensive plan.  

3. The Detailed Plan 

(Detaljplan)  

The guidelines and decisions determined in the 

comprehensive and detailed comprehensive plan are then 

developed further in the next phase the detailed plan. 

Safety requirements are determined at this stage.  

 

In the following subsections, each stage in the planning process is discussed further. The 

planning of sustainable surface water should go hand in hand with other developmental 

planning processes (P105, chapter 3).   
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3.4.1 Stage 1 - Comprehensive Plan  

As described in table 6 the Comprehensive Plan aims at documenting the local conditions 

and establishing general principles for the development of the planning area (P105, chapter 

4). The things that need to be looked at and mapped out are listed and described in Table 8 

Table 8: According to P105 (Chapter 4) the Comprehensive plan should include the content of the 

table. 

Concept  Implementation 

Flood Risk Flood maps should be included in the Comprehensive Plan. Here the 

rising sea levels need to be thought of. If such maps are not already 

available, they should be designed. In Sweden flood maps for many of 

the watercourses have already been created and are readily available. 

Places with flooding potential should not be planned for buildings if at 

all possible. The lowest level allowed for building should be decided. 

This decision should be based on historical material on highest sea 

level and supplemented with forecasts on climate change. 

Trapped Areas Trapped areas can be identified by looking at the site elevation lines 

for the area. The water will gather in these low points. It is therefore 

important to keep a good boundary for the settlements around these 

areas.  

Areas of 

Importance for 

SuDS 

Areas that will be used to delay and store water, need to be highlighted 

on a map, to make sure that they will not be used for building. These 

are places like green areas and corridors and they need to have long-

term protection.  

Protection Zones 

for Water 

Sources  

Surface and groundwater incomes that might need special SuDS 

treatment need to be highlighted. 

Surface Water 

Management 

According to the guide, a specific chapter should be made on the 

overall strategy and guidelines, regarding SuDS, for the whole 

planning process.        
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3.4.2 Stage 3 - Detailed Plan   

At this stage the plan is developed further in The Detailed Plan (P105, chapter 6). If the 

municipality establishes a business around surface water it will strengthen the community 

because in that way it will ensure a more holistic approach towards the management of 

surface water. At this stage different responsibilities are established.  In order to ensure a 

sustainable surface water drainage many things need taken into consideration. Table 9 is a 

comprehensive list of things that need to be covered in the detailed plan, however further 

steps which need to be taken are listed below the table. 

Table 9 Descriptions of different plans inside the Detailed Plan (P105, chapter 6). 

Plans      Implementation 

Plan Regulations  Different requirements are made to ensure a sustainable surface 

water management, e.g. be ground level requirements, the 

maximum of hard surfaces in the area, etc., which require an area 

design. At this stage sections are used to show elevation, 

configurations etc. 

Plan Description  Describes the contents and purpose of the plan e.g.  be descriptions 

of green structures, soil and vegetation, geotechnical and geo-

hydraulic conditions or design of the drainage foundation of 

buildings.  

Implementation 

Description Plan:  

Describes the activities which are required for implementation of 

the plan. 

Property Plan This plan is made if joint facilities are necessary for the area to 

function e.g. if surface and drainage water from one property is 

required to span other properties. 
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Detailed Elevation Plan of the Area 

The task of levelling the planning area with associated buildings, and streets is determined 

by such factors as the highest groundwater level, the highest level of the surface and 

drainage water solutions and the maximum water level of the receiving water. The 

levelling should be designed in such a way that it is clear where the water can drain out. It 

is important to consider minimizing the need of transferring massive amounts of soil to or 

from the area. The street levels should lie lower than the property ground. 

Determining the Need for Delaying the Surface Water 

Requirements regarding the maximum permissible runoff from the property in specific 

rainstorm situations should be determined in order to minimise the flow of surface water 

from a property, or else maximum hard surface of the property could be required.  

 Detailed Vegetation, Geotechnical and Geo- Hydraulic Investigation of the Area  

In order to be able to propose a more detailed plan of the area, its buildings, roads and 

green spaces, needs to be made and a more detailed vegetation, geotechnical and geo-

hydraulic investigation needs to be carried out. Information about the groundwater flow is 

acquired, this information can be gathered by applying observation tubes to obtain an 

acceptable picture of the groundwater flow pattern.  

Determine the Need for Cleaning Surface Water 

Requirements can be made in the detailed plan demanding that the surface water should be 

cleaned, to minimise the impact on the receptor. As mentioned above there are many 

different ways of cleaning the water with SuDS.  

3.4.3 Implementation of SuDS into Existing Areas 

The ambition should be, not only to take care of the surface water in new development 

areas in a sustainable way, but also to take care of the surface water inside existing areas. 

In many ways, the same methods can be used for SuDS in existing areas, as in new 

developments. The main difference though, is that in existing areas the elevation and its 

standard height relative to the receiving water is fixed. A good starting point to realize 

where to implement SuDS in existing areas is to analyse the vulnerability of buildings in 

relationship to the current and future climate. Topographical scanning, three-dimensional 

terrain modelling and flood analysis are good tools to analyse the vulnerability of the built 

environment in regard to todays and future climate and flood risk. To identify the risk 

areas of the existing buildings, the terrain model is then loaded with different types of 

extreme rainfall situations and extreme water levels in the receptors. (P105, chapter 11).  
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3.4.4 Implementation Phase 

Before construction can begin the developer must obtain a so called new construction map. 

The new construction map gives detailed information regarding the construction phase, 

e.g. information about elevation and planned ground levels at the border between the 

property and the neighbouring street. Simultaneously in the planning process the developer 

needs to apply for the required permits for the construction. In the implementation phase 

the owners receive information on the plan requirements of their properties. This is 

important both in order to create a good and safe construction as well as to prevent 

additional cost due to delayed information. An information sheet with illustrations should 

be provided to the owner. The sheet should include information on elevation, surface water 

management of the property and how the drainage and wastewater should be handled in 

the foundation of the building. For every development it is necessary to acquire a 

development agreement of some sort. It is recommended that this agreement includes 

detailed guidelines of the elevation and management of surface water and drainage water. 

When the property is sold, the former owner is obliged to inform the new owner of these 

guidelines (P105, chapter 7 and 8).  

 

Construction 

When the planning period is over, it is time for the construction. At this point it is 

important that everything which has been planned during the planning period will be 

carried out during the construction period. P105 discusses how it is best to guarantee this. 

Firstly, it is important that there are no uncertainties, therefore it is good to use a 

classification system, glossary list and accepted terms to prevent misunderstanding. A 

meeting with everyone involved in the project should be held well in advance before the 

beginning of the construction, introducing main decisions and requirements. In order to 

tackle unforeseen problems sufficiently, those concerned should have access to 

professionals in the field of geotechnical engineering, hydrology, water and sewers 

construction and vegetation. Subsequently, the construction process needs to be well 

documented and a follow-up needs to carried out (P105, chapter 12).  

3.4.5 Operation and Maintenance 

It must be clear who is responsible for the operation and maintenance of each part of the 

SuDS, securing the long term function of the SuDS systems. Different parts of SuDS 

which need to be maintained are e.g. lawns, infiltration areas, harvesting and the removal 

of vegetation etc. (P105, Chapter 13). 
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4 The English case 

In the summer of 2007 devastating floods occurred in England resulting in enormous 

physical and economical damage, not to mention the resulting distress to thousands of 

people whose homes were flooded and who lost their water and power supply as well as in 

the worst cases their loved ones (DEFRA, 2009b). Before the massive floods England had 

been experiencing smaller floods and severe droughts during 2004 -2006. Simultaneously 

urban areas where expanding and becoming denser. A better  understanding of  climate 

change and its possible effects on future societies developed a greater awareness of  the 

potential seriousness of future climate (Goodson, 2011). England’s SuDS history is shorter 

that Sweden’s, however for the last ten to fifteen years England has been instigating a 

comprehensive network of laws and legislations regarding the implementation of SuDS 

both at the national and local level at an impressive rate and has today become one of the 

leading experts when it comes to SuDS.     

4.1 The SuDS History: Law and Legislation at the 
National Level 

England has in a short time implemented SuDS into their legal environment in an effective 

way and has today many laws, legislations and policies regarding SuDS. All new 

development (of 10 dwellings or more) are e.g. required to implement SuDS, unless there 

is a very good reason for not to do it and in every municipality there is to be a SuDS 

Approving Body (SAB) that will have to approve all implemented SuDS.      

Before the floods, some documents relating to SuDS had come out in England such as The 

Planning Policy Guidance Note 25 (PPG25), issued by The Department of Transport, 

Local Government and the Regions (2001). This document discusses the issue of 

sustainable development and a more effective management of surface water by using soft 

sustainable drainage systems. This document was later replaced by the Policy Statement 25 

(PPS25) (Communities of Local Governments, 2006).  

The document Making Space for Water published by the Department of Environment Food 

and Rural Affairs (DEFRA) in 2005, also relates with SuDS to the extent that it 

highlighted the importance of flood risk management as well as the coordination approach 

of land use, planning policy and urban design (2005).  

In the years following the floods many pilot field studies, consultations and review reports 

covering urban surface water management and associated flood/pollution risks and impacts 

were produced in England. One document, the Pitt Review: Learning Lessons from the 

2007 Floods (Pitt, 2008), is an especially comprehensive review of the 2007 events. It 

stresses the need for a new and improved institutional and legislative arrangement in order 

to achieve an effective surface water management (Ellis and Revitt, 2010) and mentions 

the importance of implementing SuDS. It recommends that the government should decide 

https://reiknistofnun-my.sharepoint.com/personal/eyp1_hi_is/Documents/Eyrun%20MS_Þórhildur%20.docx#_ENREF_1
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where the responsibility of implementing SuDS should lie and that a partnership should be 

made between all the flood risk authorities. At that time the Environmental Agency, local 

authorities, water companies and other agencies all had a say in the management of surface 

water drainage, without any one organization having the overall responsibility. Decisions 

about new drainage or development investment were therefore often made without a 

complete understanding of surface water risks and with a lack of overview (DEFRA, 

2008).   

In February 2008 a long-term strategy for the overall water sector in England (and Wales) 

was published by DEFRA. This strategy, called ´Future Water´, was a further development 

of the older strategy ´Making Space for Water´ from 2005. It sets out plans and practical 

steps to find a balance between people and nature and emphasises the importance of the 

water cycle. It also recognizes that no regulatory authorities had yet the responsibility for 

the implementation of SuDS (Goodson, 2011).   

4.1.1 Flood and Water Management Act (2010) 

By 2009 the Draft Flood and Water Management Bill was released and the public were 

given a chance to discuss it (DEFRA, 2009a). The Bill explained the reasons for why there 

was need to change the laws on the management of water environment. In April 2010 the 

Flood and Water Management Act received Royal Assent. Some elements of the Act 

where implemented into law in September the same year (DEFRA, 2010a) however, other 

sections came into effect at a later date. Some sections had then been changed, as a 

response to public criticism (Pickles, 2014). Contents of the Flood and Water Management 

Act regarding SuDS are:  

 The Act reinforces the importance of SuDS within developments and will formalize 

the roles and responsibilities of developers and flood management  

 It establishes that in every municipality there should be a SuDS Approving Body 

(SAB) which has the responsibility of approving proposed drainage systems in new 

developments and redevelopments in accordance with National Standards  

 The act also states that the Secretary of State is supposed to publish these National 

Standards for SuDS  

 Local authorities are supposed to adopt and maintain approved SuDS which serve 

more than one property 

 Highway authorities are responsible for including and maintaining SuDS that meet 

the National Standards, in public roads  

 Regarding development, the law states that all new developments or redevelopments 

will require SuDS that meet the National Standards and need to be approved by 

SAB (DEFRA, 2010a)  

o This law was implemented in in 2015 but with some changes. It now states 

that all new developments or redevelopments of ten dwellings or more (or 

equivalent non-residential or mixed development) require SuDS, unless 
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demonstrated to be inappropriate. This change was to protect the public and 

avoid excessive burden on businesses (Pickles, 2014) 

 The Act also changes Section 106 of the Water Industry Act of 1991 to make the 

right to connect surface water to the public sewer, on condition that the SAB 

approves the drainage of the site (DEFRA, 2010a)  

An updated guidance document published by DEFRA (2010b) called Surface Water 

Management Plan was created to inform local authorities on how to approach the 

development of a surface water management plan, in particular in areas where there is high 

risk surface water flooding. 

4.1.2 National standards and guidelines 

When planning for SuDS in England both the National Planning Policy Framework 

(NPPF), which was published in 2012 (Department for Communities and Local 

Government) and the Planning Practice Guide, which was launched as a web-based source 

in 2014 (Department for Communities and Local Government) state that SuDS should be 

used, emphasizing the importance of SuDS in the planning process. The Policy framework 

requires that planning authorities give priority to SuDS in planning applications and the 

guidelines ask and answer general questions about SuDS. The document Sustainable 

Drainage Systems Non-Statutory Technical Standards for Sustainable Drainage Systems, 

published in March 2015 is also expected to be used parallel to the before mentioned 

documents.  Following the Governments consultation “Delivering Sustainable Drainage” 

(DEFRA & DCLG, 2014) the guidelines supporting the NPPF has been strengthened even 

further with respect to sustainable drainage.  

In April 2015, the Government´s new Planning Policy on sustainable drainage systems 

came into effect. It made clear that local planning authorities in UK should ensure that 

SuDS be put in place in all major developments, unless it was shown to be inappropriate. 

The Lead Local Flood Authorities (LLFAs) have been made statutory consultees. They 

should also provide technical advice to local planning authorities on planning applications 

(Pickles, 2014). The Construction (Design and Management) Regulation 2015 (CDM2015) 

also came into force in April 2015 (No. 51/2015). According to the SuDS Manual the 

SuDS designer has a responsibility to address health and safety under the CDM2015, and 

must demonstrate this accordingly (Ballard et al., 2015). 

For some time, the main concern regarding the implementation of SuDS in England 

seemed to be lack of clarity when it came to the ownership and long term maintenance of 

SuDS (Goodson, 2011). But with the new laws making it clear that the responsibility lies 

with local authorities along with other laws and legislations that followed, England has for 

the most part overcome problems of implementing SuDS into general planning. 
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4.2 Local Level: Cambridge Municipality 
 

Local development planning, planning policies and planning strategies are according to the 

SuDS Manual, the most important instrument for promoting and delivering sustainable 

development in the UK. By making an integrated and holistic approach to surface water 

management through the implementation of SuDS water management and environmental 

protection is improved at the strategic level and simultaneously contributing to amenity 

and biodiversity at the local level (2015). Some municipalities in England have decided on 

their own initiative to implement SuDS into their local municipal regulations before its 

legalisation at the national level. Cambridge is one of these cities.    

Water plays an essential role in the landscape in Cambridge. Because of strains on the 

historic drainage system and the challenges related to climate, the city council of 

Cambridge wanted to find ways to promote SUDS within Cambridge (Bray et al., 2010). In 

2006 the Cambridge city council consequently implemented a local policy into the Local 

Plan (Cambridge City Council Local Plan) regarding SUDS. Policy 9/3 states that the 

development of urban extensions will incorporate SuDS where applicable (Cambridge City 

Council, 2006). To promote SuDS even further, the city council made the decision to 

generally adopt SuDS in public spaces if it meets the city council’s adoption standards. 

These are most often landscape features such as ponds, swales and wetlands. The city does 

not adopt SuDS within private properties. Nevertheless, it requires source control features 

to be provided to any SuDS that the council adopts and those are usually located on private 

properties. If a site with SuDS spans the city boundary into the neighbouring areas the 

Cambridge City Council will consider to adopt the SuDS, if the greater part of the open 

public space falls within Cambridge city boundaries (Bray et al., 2010).              

The City Council has published the document The Design and Adoption Guide to provide 

developers with the council´s requirements for adopting SuDS. With publishing the guide, 

they anticipate that high quality, multi-functional SuDS will be designed and developed in 

Cambridge. The design philosophy should embody four key high level principles to ensure 

that the adopted SuDS is of high quality, it provides a robust engineering solution, and can 

be easily maintained. The four key elements are performance, high quality design, 

integrated approach to health and safety and simplicity of maintenance (Bray et al., 2010).    
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4.3 Best Practices: The SuDS Manual (2015) 

CIRIA (the Construction Industry Research and Information Association) a neutral 

independent non-profit association working to provide solutions for the construction 

industry in England has among other things published guidelines documents, many of 

which have been adopted as the standard for excellence in their respected areas (CIRIA, 

2016). One of these documents is the SuDS Manual a comprehensive manual of 968 pages. 

It is under constant revision and was last republished in December 2015. It is designed to 

provide best practical guidance on all aspects of the design, i.e. the planning, construction, 

operation and maintenance of SuDS for all England and to assist with effective 

implementation of SuDS within new and existing developments. It looks at how to 

maximize biodiversity and amenity benefits and presents the key objectives of managing 

water quality and flood risk. When designing SuDS in England the guidelines provided in 

the SuDS Manual should be followed in line with any national or local regulatory 

requirements. The entire chapter 4 is referring to the English SuDS Manual (Ballard et al., 

2015). 

4.3.1 Key Success Factors for SuDS 

The SuDS Manual states the importance of planning for SuDS from the start as well as 

highlighting the importance of collaboration between internal and external stakeholders 

analogous to the P105 Swedish Manual. The SuDS Manual states the following three keys 

to a successful SuDS implementation to highlight this (SuDS Manual, part A):  

1. Consider from the start how surface water runoff will be managed on site and make 

it an inseparable part of the design process 

2. Put together the right team early on in the process, in this way the urban planning, 

landscape architecture, architecture, drainage design and environmental aspects can 

be considered jointly 

3. Consult with relevant stakeholders early on in the process. These should include 

local planning authorities, environmental regulators and those who are responsible 

for approving and maintaining the SuDS 

The philosophy behind SuDS is to maximize the benefits and minimise the negative 

impacts of surface water runoff from developed areas. SuDS should not be thought of as 

individual components, but as an interconnected system, designed to manage, treat and 

make the best use of surface water. As seen in the tree keys to successful SuDS 

implementation (listed above) the SuDS Manual states that it should influence the site 

layout, design and characteristics throughout the process. It adds that SuDS should even be 

considered before a land property is purchased. When SuDS is a part of the initial vision, 

layout and character, a range of creative opportunities can present themselves. Considering 

SuDS early provides designers with opportunities to implement SuDS so that it responds to 

the context and character of the property, enriching both the natural and the built 

environment. According to the Manual (analogous to the Swedish P105 manual) SuDS 

should be thought of at all levels of urban design, from the landscape settings and wider 
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strategic drainage network design to individual building design. By doing this a water-

sensitive urban design perspective can be achieved (SuDS Manual, part A).  

4.3.2 The Four Strategic Principles of SuDS   

To achieve maximum benefits, the SuDS Manual has defined the four principles of SuDS, 

they are: 

  Water quantity  

  Water quality 

  Amenity and  

  Biodiversity  

Figure 2 shows illustrates these four principles. The types of benefits and to what extent 

each benefit can be achieved by SuDS depends on the site in question. Anyone involved in 

the SuDS implementation in any way should know these four principles of SuDS and what 

needs to be done, to comply with them. The four principles are not independent of each 

other and an implementation of some sort can tick into the boxes of more than one 

principle.  

High quality SuDS are as much a piece of art as it is science. Nevertheless, it is important 

that SuDS can be assessed in order to make certain that all the principles are being 

adequately met. To make sure that these principles can be met standards of good practice 

should be followed. The standards of good practice are the minimum performance levels 

of service that SuDS design should meet. Even though all the four principles should be met 

it is possible that most of the time the water quality and water quantity will be the main 

drivers in determining the design philosophy for a site (SuDS Manual, chapter 2) 
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4.3.3 Water Quantity  

To maintain and protect the natural water cycle, minimise the risk of flooding and to 

ensure that the runoff from developed site does not have harmful impact on people, 

property and the environment, it is important to control the runoff, i.e. (SuDS Manual, 

chapter 3):    

 how fast the runoff is discharged from site (peak runoff rate)  

 how much runoff is discharged from site (the runoff volume) 

If SuDS is designed to manage water quantity in this way they reduce the risk of flooding 

caused by the development. It can also protect the natural water cycle and reduce risk of 

erosion of banks and riverbeds.  

Peak surface water runoff rates from developmental sites are normally much greater than 

from the site in its greenfield state if left uncontrolled as has been explained in the chapter 

1. If the discharge from the site goes into an existing pipe system, the risks tend to be even 

greater since pipes have concentrated capacities and are therefore more sensitive to change 

in flow rate. The purpose for controlling the peak runoff rate is therefore to limit the rate 

of runoff post-development to the pre-development rate. This is achieved by slowing down 

the system, storing runoff on site and discharging it at a specific maximum rate Figure 

Figure 3 shows the greenfield discharge rate compared to the uncontrolled post-

development discharge rate and controlled post-development discharge rate. 

Figure 2: The four principles of a SuDS implementation (SuDS Manual, chapter 2) 
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Figure 3: Example of a runoff hydrograph (SuDS Manual, chapter 3) 

By using attenuation and slowing down the system the peak runoff rate is controlled, 

however, the duration (over which this peak rate occurs) is significantly longer than before 

the development due to additional runoff volume, increasing flood risk in the receiving 

watercourse. The area below the red line in Figure 3 shows the volume of runoff for the 

controlled post-development. As can be observed the time of the peak flow has increased 

significantly compared to the greenfield peak flow time (area under the green line). This 

can be damaging both for the ecology and morphology because of greater movement and 

erosion of sediments. Attenuation also controls only relatively large rain events however, 

runoff from frequent small rain events usually just “passes through” the attenuation 

system. In a greenfield with natural soil conditions the runoff from the majority of these 

events would have been lost through infiltration and/or evaporation however, in post-

development this increases the volume of the water. 

The limitation of using attenuation alone becomes more evident when looking at it in 

catchment scale as can be seen in Figure 4. Although, the runoff has been attenuated to 

limit flows to pre-development at every sub-catchment, the downstream peak flow will 

keep on rising as the total volume from each sub-catchment being discharged keeps rising. 

This means that the likelihood of downstream flooding increases further. This shows 

clearly how important it is to infiltrate as much surface water as possible on site, and keep 

on trying to infiltrate water on its way down the surface water management train.  
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Figure 4: Example of the combined effect of multiple attenuation systems (SuDS Manual, chapter 3) 

The opportunities to apply these four principles in full will depend on the local planning 

objectives, developmental context and the characteristics of the site. The management of 

water quantity can also contribute to the design objectives for water quality, amenity and 

biodiversity. All the four principles should therefore be considered together.  

The SuDS Manual gives design criteria and indicators in order for SuDS schemes to be 

evaluated concerning the extent to which they are delivering the four principles. The water 

quantity standards given in the SuDS Manual are concerned with controlling the runoff 

volume, the peak runoff rate and on-site flood risk from the SuDS system. The standards 

for runoff volume control are divided into control of frequent rainfall events and of 

extreme rainfall events. 

4.3.4 Water Quality  

The government in the UK recognises that tackling diffuse pollution, originating from 

urban runoff is a high priority and reducing urban runoff as well as improving the water 

quality of that runoff by implementing SuDS, is of vital importance (DEFRA, 2012).  

SuDS can protect the environment of the receiving waters by cleaning and treating surface 

water runoff from urban areas on site or on its way to the receiver as was explained in 

chapter 1.2. Factors which are likely to affect pollution levels in urban runoff can depend 

on many factors, such as (SuDS Manual, chapter 4):  

 Planned activities above or around surface that affect the deposition of 

pollutants, their retention on the surface and to which extent they are mixed with 

the runoff  

 Unplanned activities which cause temporary unexpected high pollutant 

concentration e.g. because of road accidents  
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 The surface type and location 

 The drainage path 

 The length of dry periods between the rainfalls 

 The duration and intensity of the rainfall and associated flow velocities 

 Any further transformation of pollutants occurring during residence and 

conveyance within the watercourse, channel network, gravel, vegetation, soil etc. 

The sensitivity of the receiving environment, the pathway to the receiver, the dilution 

available and the receiving waters will determine the pollution risk posed by the site. The 

overall impact of the site on water quality in the receiver is dependent on the type of 

pollutants, the peak pollutant concentration in the runoff from site and the total pollutant 

load likely to be conveyed into the runoff from the site to the receiving environment.  

Potential negative impact from pollution in surface water can include sediment 

accumulation in river beds and reduction of light penetration from suspended solids, 

causing negative impact on ecosystems.  This can even result in a slow decline in 

biodiversity and eventually the “death” of the river. A less obvious form of water pollution 

which tends to be permanent and irreversible is pollution of ground water. Groundwater 

quality is at a risk both from point source pollution (e.g. leak from an oil storage tank) and 

diffused pollution. For water dependent plants and animals and as a drinking water source 

for humans, the quality of groundwater is crucial. This is therefore something that must be 

kept in mind when designing SuDS. To what extent the site is polluted, depends on the 

characteristics of the site. Areas without traffic are usually the least contaminated. 

Increased pollution is usually a result of heavy traffic and high risks of spillages and 

process contaminates from industrial activities and/or commercial activities.  

The main design criteria for water quality according to the SuDS Manual is to support the 

design of water quality in receiving ground and surface water. The second design criteria 

are to design the SuDS systems with resilience to cope with future challenges as well as 

water quantity.  

The SuDS Manual introduces indicators that can be used to evaluate to which extent these 

design criteria are being delivered. The Manual states two design standards for good 

practice of water quality. First to prevent runoff from site for the majority of small rainfall 

events and secondly to treat runoff in order to prevent negative impact on the water quality 

of the receiver. 

4.3.5 Amenity  

When designing urban landscapes, the aim is to deliver a pleasant, attractive, useful and 

“liveable” urban environment that enhances and supports the quality of life in local 

communities. Water is a valuable recourse which could play a key role in an urban vision, 

where management of surface water is included in the vision of a place. The surface water 

management system can help structure the urban landscape and at the same time enrich its 

aesthetics and recreational values, promote health and wellbeing and support a green 

infrastructure. SuDS can help provide habitat for flora and fauna, be a resource for local 
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environmental education and directly influence the prosperity and sense of community of 

an area. The SuDS Manual presents different tools that can be used to increase and ensure 

that the possible amenity benefits are met in the SuDS designs. To maximise the amenity 

values from a SuDS scheme in a development or for the local or wider community the 

SuDS Manual also has design criteria that should be applied. In order to evaluate the 

amenity design criteria and to which extent it is being delivered SuDS design indicators 

can be used (SuDS Manual, chapter 5). 

4.3.6 Biodiversity 

Policy-makers in the UK now recognise that designing for biodiversity can make an 

important contribution to ecosystem services and at the same time improve urban living. 

One of the objectives of the government of the UK, is to “Connect people with nature” 

(DEFRA, 2011) which SuDS can encourage. Areas that support diverse habitats and 

associated ecosystems simultaneously provide a healthy and stimulating environment 

(SuDS Manual, chapter 6)  

When designing SuDS for biodiversity a collaboration between different specialists is 

particularly important. It e.g. requires drainage designers, urban and landscape designers, 

planners and ecologists. A qualified ecologist is most often required when designing SuDS 

for biodiversity, however, all members of a SuDS design team should know and 

understand the principles and benefits behind designing for biodiversity. The design of 

habitats for biodiversity in SuDS needs to be considered and integrated during all stages of 

the planning process to deliver a maximum value of biodiversity. The SuDS Manual 

presents biodiversity design criteria which should be applied to maximise the value of 

biodiversity from the SuDS scheme for the development as well as for the local and wider 

environment. Some indicators are also presented to evaluate to which extent the 

biodiversity principle is being delivered by the SuDS scheme.  

Things that should also be considered when designing a SuDS scheme for biodiversity is 

that it should include a diverse range of planting, horizontal and vertical structural 

variability, biodiversity and resilient water features.  

4.4 The SuDS Planning and Design Process  

The SuDS implementing process in England goes through many stages. It starts with early 

considerations of the strategic objectives for a development and ends with a detailed 

design. The process is relevant for SuDS sites with a new development as well as 

redevelopment, infill and retrofit. The implementation stages and what they should include 

is presented step by step below (SuDS Manual, chapter 7).   

It is important that the SuDS planning process is a part of the general planning process. 

The overall project consequently influences the SUDS design process. The guidance in the 

SuDS Manual is mostly relevant for new or redevelopment and the Manual refers to other 

documents for further detail about retrofit projects (SuDS Manual, chapter 7).      

The design process of SuDS in England follows these four stages.  
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 Strategic Surface Water Management (SWM) 

 Conceptual Design 

 The Outline Design 

 The Detailed Design 

In the SWM the objectives are set. Outline Design is required when outline planning 

permission is sought and to get a full planning permission, a detailed design is required. If 

the development does not require an Outline plan the Outline and Detailed Planning stages 

are taken together in one stage. The steps that are included in the Outline Design are then 

carried out together with the Detailed Design steps. 

In many planning processes in England there is an overarching planning document and 

spatial layout called the master plan. The scope of a master plan can range in scale from a 

small-scale building area at local scale to a ten-year implementation strategy at a regional 

scale. The SuDS Manual says that the master plan provides a crucial opportunity to link 

SuDS with a range of other developmental objectives and for this to be recognized in the 

business plan of developments. It also creates the opportunity for the use of surface water 

to be considered in a strategic and collaborative way by professionals from different 

backgrounds, such as urban engineers, drainage engineers, highway engineers, ecologist, 

architects, landscape architects and community stakeholders. Most developments do not 

formally require a master plan, usually only the largest developments do. It varies from one 

design team to the next how they go about this. 

A Pre-application discussion is recommended for all sites and is often even a requirement 

especially for larger sites. The discussion helps to ensure the expectations and objectives 

of the surface water management, right from the start and at the same time ensures that 

space is used efficiently and as cost-effectively as possible. Engaging with the affected 

stakeholders should take place parallel to this.  

4.4.1 Stage 1 – The Strategic Surface Water Management 

Setting the strategic SWM objectives include consulting with stakeholders, referring to 

policies, adopting local planning, the Environmental Impact Assessment (EIA) and flood 

risk/ consequence assessment, (FRA/FCA) if available.   

Stakeholders 

As has been stated before one of the key success factors for a successful delivery of SuDS 

is to have all the stakeholders involved from the beginning of the process. Successful 

delivery often depends on the co-operation and communication between the 

developers/designers and a range of external stakeholders. The stakeholders of the 

implementation of SuDS in England include e.g. local authority departments such as the 

planning, flooding and drainage departments, ecology, open-space managements and 

highway management as well as water and sewage undertaker’s, contractors, 

environmental regulators, some local community group representatives, resident 

organizations and other private sector stakeholders. 
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Table 10 Examples on how different external stakeholders are affected by SuDS. 

Different External 

Stakeholders 

How They Are Affected 

The Planning 

Department 

Since SuDS are implemented into the landscape and should be 

considered from the beginning of the land use planning process 

the planning department will be affected. 

The Flooding and 

Drainage Department 

Is affected, since they handle the surface water, even though by 

using SuDS surface water is treated to some extent above 

ground. In some cases, even with the use of SuDS, the surface 

water might also have to connect to the drainage system after 

having been treated above ground.  

The Ecology 

Department 

Are involved since SuDS often includes extensive vegetation 

and can add to the biodiversity on and around the site. 

The Open Space 

Management 

Department 

SuDS is often implemented in open public spaces and 

consequently affects the open space management department. 

The Highway 

Management 

Authorities 

SuDS is often implemented next to highways and will therefore 

involve the Highway Management Authorities. 

Environmental 

Regulators 

Since SuDS has to do with the way in which the environment is 

treated, the Environmental Regulators are one of the 

stakeholders. 

 

The land use planning process should be used to bring together the views of statutory and 

non-statutory stakeholders, as well as consultees together with other interested parties, 

such has non- governmental organizations and the general public. It depends on where the 

SuDS is located who the non-statutory stakeholders are. They can be private residents or 

private sectors if the SuDS scheme is implemented on a private land or they can be local 

community groups if the SuDS is e.g. implemented around a local school or community 

centre. This provides the planners and environmental regulators with an opportunity to 

engage with others in a discussion about SuDS and at the same time raise awareness, 

educate developers and promote community interaction and learning opportunities.  

The most successful outcome of SuDS is delivered where communities are involved in the 

process and can act as a ´client´ and ´contributor´ understanding the opportunities (through 

education and awareness-raising) that lies in SuDS. Involving the local community both in 

the land use planning and the SuDS design processes will tend to foster appreciation from 

the locals for the role and benefits of SuDS in environmental protection and an enhanced 

sense of responsibility for maintenance and protection (Ballard et al., 2015).   
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The EIA and FRA/FCA 

The SuDS Manual points out the importance of the use of an EIA. If it has been performed 

for the area in question it should be a very good reference source for the SuDS design. In 

particular, the sections about water quality management, water resource and flood risk, 

biodiversity, landscape, climate resilience, the character of the development and visual 

amenity. EIA sometimes recommends SuDS as a potential means of addressing some of 

the environmental impacts caused by the development.  In England they also perform a 

Flood Risk Assessment (FRA) or Flood Consequence Assessment (FCA) which is often 

made parallel to the conceptual SuDS design.  

These consultations and references should make it possible to establish strategic SWM 

objectives relevant to the specific site, including: 

 Flood risk management objectives   

  

 Water quality management objectives  

 

 Community, social and amenity planning objectives 

 

 Habitat and biodiversity strategy requirements and needs  

 

 Viable long-term maintenance bodies for the proposed SuDS and any relevant SuDS 

adoption requirements 

 

 Climate change adoption/climate resilience requirements and needs  

 

 Water supply objectives and constrains 

 

4.4.2 Stage 2 – Conceptual Design 

The key outcome of the conceptual design stage is to identify and assess potential SuDS 

components and linkages and thus develop a management train for each area of the site. 

This begins with establishing the SuDS principles (water quantity, water quality, amenity 

and biodiversity) by defining the characteristics of site and development. Then a feasible 

point of discharge needs to be identified and surface water sub-catchments and flow routes 

defined. Finally, the SuDS components for the Management Train are selected.  

It is important to define the site and development before starting the SuDS design. 

Relevant features of the site and its surroundings which could influence the design criteria 

and design options of SuDS should be defined. Things that need to be assessed in the 

characterization of developmental site are listed in Table 11. 
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Table 11: List of things that need to be characterized in order to be able to begin designing for 

SuDS. 

Site Characterisation  Execution  

Site Topography A good indication of the existing natural drainage pathways 

is obtained by looking at the topography of the area. This 

will often help define natural routes for the surface runoff. 

Identification of low lying areas, historical knowledge and 

records on surface flooding are also valuable information. 

Natural Drainage 

Patterns 

The natural drainage pattern of the site, existing flow paths 

and discharge points should be established, as should 

current discharge points. 

Potential for Infiltration The potential for infiltration on site should be characterised, 

etc. Good/poor/not possible.  

Receptors (Potential for 

Surface Water 

Discharge) 

Local surface waters should be evaluated in terms of their 

capacity, existing flood risk or any environmental issues in 

order to observe if they might be suitable for discharge of 

runoff.  

Flood Risk Pre-development flood risk should have been established in 

stage 1, but should be revisited here.  

Existing Site Land Use If SuDS is to be retrofitted into an existing area site 

characteristics should include: existing roof areas, hard 

surfaces, green spaces and land ownership boundaries. The 

current use of the site needs to be established. Site surveys 

and community engagement can help in understanding how 

the current space is used.   

Existing Site 

Infrastructure (above 

and below ground)  

When building on pre-developed land all infrastructures 

existing on-site should be documented and mapped out. To 

know the location and capacity of existing drainage can help 

determine which infrastructures could or should be reused in 

the new SuDS scheme.  

Existing Soils Existing topsoil and subsoil on site should be assessed so its 

suitability for reuse as well as handling and management of 

the soil can be determined. 

Local Habitats and 

Biodiversity 

Existing flora and fauna should be characterised so 

considerations can be made regarding which species might 

potentially be able to exploit new habitats created by the 
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SuDS scheme.   

Local Landscape and 

Townscape   

Assessment of existing landscape and/ or townscape 

characteristics will help define the suitability of different 

SuDS components, the likely values of blue and green 

spaces and the relationship between the existing 

development and any common local water feature etc. 
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When designing the SuDS scheme relevant features of the proposed development for the 

area, that could influence the SuDS design criteria and design options need to be 

characterized. Table 12 below lists these features.   

Table 12: Relevant features that need to be characterized. 

Development 

Characteristics 

Execution 

Proposed Topography, 

Land Use and Scape 

Characteristics 

Substantive chance in the topography of the landscape 

required by the development needs to be taken into 

account. It is highly likely that building density, proposed 

land use and landscape strategies will have key influence 

on the overall SuDS design philosophy. Planned open 

public spaces should be evaluated to determine whether 

they can be used with SuDS. The characteristics of 

potential vehicle usage is also important in order to 

estimate the extent and location of parking requirements, 

roundabouts, etc.  

Proposed Flood Risk 

Management Strategy 

Pre-developmental flood risk should have been established 

in stage 1, however, it should be revisited here.  

Proposed Building Style 

and Form 

SuDS is increasingly seen as a part of the fabric of a 

building, landscape, green roofs and walls and as a key 

factor inside courtyard. Understanding the proposed 

building type, quality, density, character, style and any 

sustainable targets relevant to SuDS will maximize the 

benefits of the development.  

Proposed Site 

Infrastructure 

Planned surface and subsurface infrastructure for the 

development should be mapped and evaluated to determine 

the potential impact on the design layout of SuDS. If SuDS 

are considered early in the design process a flexibility to 

rout planned services around SuDS location might be a 

possibility. 

Proposed Adoption and 

Maintenance of SuDS 

Agreement on who is the long-term owner and has the 

responsibility for the maintenance of SuDS should have 

been established in stage 1. Any remaining uncertainty 

should be removed at this stage.  SuDS in public spaces has 

to meet the requirements of the local authority.   
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When the site characteristics and developmental characteristics have been defined the 

design criteria for the SuDS scheme can be established. The design criteria should aim to 

deliver each of the four principle objectives of SuDS which are water quantity, water 

quality, amenity and biodiversity (The standard concerning water quantity and water 

quality should be met in full). Efforts should be made to maximize the benefits of SuDS. 

The SuDS Manual points out that it could be useful to develop some indicators for each of 

the criteria.   

Feasible discharge points should now be defined. Having defined the characteristics of the 

site including the existing discharge points on site should make this possible. If discharge 

to a sewer is being considered, consultation with the sewage constructor should be carried 

out so that the potential available sewer capacity and opportunities and/or constrains with 

respect to any impending connections are known.  

The SuDS Manual discusses the need to identify sub-catchments and flow routs. It claims 

that it can be sensible to cluster land use types into different sub-catchments because they 

tend to have different treatment requirements. Each sub-catchment should, if possible, 

treat the runoff and provide a degree of flow and volume control. The surface water 

conveyance paths and the topography should work together, to safely and effectively direct 

surface water to the desired destination while at the same time delivering integrated 

treatment and storage wherever possible. When appropriate and practical the road and 

street network and developmental block structure should as well be defined by the sub-

catchment boundaries within the site. The street network should complement and manage 

flow pathways. If there are existing roads in the development area, consultation with the 

highway authorities ought to take place early on during the design process, in order to 

develop an acceptable highway drainage design. Any other integration between highway 

drainage systems and other drainage parts of the site must also be agreed upon.           

As stated earlier the final step in the conceptual design is selecting SuDS components for 

the management train. The selection of the components will depend on the design criteria 

and on how the surface water management system is integrated and linked with the 

development and its landscape settings. Individual SuDS components can be designed in 

many different ways both in the visual and technical sense. In many cases components can 

be used to convey and store runoff usually depending on the size of the runoff event. Once 

the components for the management train have been selected the scheme as a whole 

should be reviewed against the design criteria. If the design fails to meet the design criteria 

or if benefits have not been maximized, SuDS components should be revisited to see if 

there are any other better alternatives or if the components can be redesigned to meet the 

design criteria. In the end of stage 2 a report is made that covers the conceptual drainage 

strategy, confirms the approval and adoption processes and stakeholders involved. 
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4.4.3 Stage 3- Outline Design 

The Outline Design is the third stage of the SuDS implementation. It is developed 

alongside the agreed design and layout of the development while landscape and building 

characteristics are being decided. Outline Design is only required if Outline Planning 

permission is required. If only full Planning Permission is required, this stage is still 

required but is consequently incorporated into the Detailed Design stage. This stage 

includes sizing SuDS components at site scale, developing the design at sub-catchment 

scale and checking if the design is feasible.     

In the outline design each individual SuDS component should be sized and their design 

refined. In order to do this the SuDS components size at site scale first needs to be 

estimated. The runoff-rates from the land (greenfield or brown field) prior to development 

need to be estimated as the likely runoff rates from the developed sub-catchments. 

Estimation is needed for infiltration capacity demand for non-potable water and the 

remaining difference in runoff volume between the greenfield and the development for a 

specified large event. These estimations consequently, make it possible to calculate initial 

sizing for volumes assumed to be harvested and infiltrated for different return periods. 

Calculation requires total attenuation of the storage volume for different return periods on 

the site and of extra storage volume likely to be required for volume control of the 1:100-

year event.  

Any assumption made at stage 2 (Conceptual Design stage) such as ground water levels, 

infiltration capacity and existing sewage infrastructure and capacities should now be 

confirmed using sturdy evaluation methods. At this stage new estimations like estimation 

of required conveyance and exceedance flow rates are made. Any required flow control 

components are defined and scoped. Required storage volume should be distributed 

between sub- catchments (where appropriate) and checks should be made to see if 

proposed treatment components are adequate. In the Outline Design stage design 

feasibility needs to be evaluated. The SuDS Manual, lists in more detail items which need 

to be considered in order to check the feasibility. 

In the end of stage 3 a report is made which is to be sufficient to support outline planning 

applications. It includes preliminary sizing for each component and exceedance flow 

management route. Among other things it includes point of discharge for the surface water 

of the site, the extent to which each of the four design criteria will be delivered by the 

SuDS design and the initial health and safety risk assessment etc.   
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4.4.4 Stage 4 – Detailed Design 

The fourth and final stage of the SuDS implementation is called the detailed design stage. 

In this stage all the final refinements of the SuDS scheme are done in accordance with the 

final developmental design. The process in the detail design stage starts by testing the 

hydraulic performance of the scheme and then checking whether the scheme meets the 

principles (water quantity, water quality, amenity and biodiversity) and agreed standards. 

At last finalizing and refining the SuDS design and determining size and detail for ultimate 

drawings and documentation in order for them to be submitted for planning and drainage 

approval and to be presented to the contractor for costing purposes.   

In order to identify the worst case hydraulic conditions for each component for all design 

return periods the hydraulics should be tested. This should be done either by using design 

storms or time series rainfall (TSR) analysis. To confirm that all storage and conveyance 

areas are used as effectively as possible during design rainfall events the hydraulic 

performance of the system should be optimised. Where required, exceedance routs should 

be evaluated and designed ensuring that there is an appropriate level of freeboard between 

building floor levels and extreme flood levels. 

The final SuDS scheme has to meet all of the design criteria and to establish this checks 

should be carried out. The main checks will most likely be to see whether the system 

meets the agreed standards for water quantity and quality. Indicators are likely to be useful 

to assess the performance of the scheme. If the agreed standards are not met with 

satisfaction the design will have to be revisited and modifications made to component 

sizing and/or flow control. The hydraulic testing is then done again. This will need to be 

repeated until satisfactory results have been reached.      

When finalising and refining the design, costs and benefits together with health and safety 

risk assessment should be taken into account. Constructability and maintainability are also 

taken into consideration. Individual SuDS components should be finalised and detailed 

following guidance from the SuDS Manual and other appropriate literature. A 

representation of the construction and landscape work and materials used in the design 

needs to be prepared together with full construction methods, statements and maintenance 

plans. Strategies on community education and engagement are to be developed. If the 

communities have been involved in earlier stages these plans could evolve from inputs 

from these earlier stages. Finally, a design statement should be prepared including a 

description of the systems criteria and standards and of how they will be met. As in the 

other stages this final stage includes a report containing the final detailed design and 

specifications of the SuDS scheme sufficient to support a full planning application.     
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5 Implementing SuDS onto the 
Icelandic Environment  

This chapter presents the key factors needed for a successful SuDS implementation in 

Iceland, and answers the research questions presented in section 1.4. A successful SuDS 

implementation requires looking at the entire life cycle which consists of five phases:  

 The Strategic Phase 

 The Planning Process Phase 

 The Design Phase  

 The Construction Phase   

 The Operation and Maintenance Phase  

In the Strategy Phase SuDS has to be implemented into the legal system in Iceland. Plans 

about SuDS are then made parallel to other planning decisions on a Municipal level in the 

Planning Phase. The Design Phase consists of designing the area in detail, including the 

designing of SuDS. The area is constructed and SuDS implemented in the Construction 

Phase and in the final phase, the Operation and Maintenance Phase the SuDS is operated 

and maintained so that it will be durable.  

Three key factors which need to be in place for a successful SuDS implementation 

throughout the whole life cycle (Figure 5) have been identified. They are collaboration, 

responsibility and knowledge. To initiate implementation of SuDS in Iceland measures 

have to be taken in The Strategy and Planning Phases to promote the implementation of 

SuDS. This will be discussed further in the following sections.   

Figure 5 The five phases of the SuDS life cycle and the three key 

factors for a successful SuDS implementation. 
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5.1 Regulatory and Policy Frameworks for SuDS 
in the Strategic Phase 

To implement SuDS successfully the regulatory and policy framework along with 

guidance at national level for implementation is needed. In Iceland the SuDS concept is 

already mentioned in the Icelandic Planning Act and Regulations (Icelandic Planning Act 

and Regulations no. 90/2013) and there is already strategy on SuDS in the National 

Planning Strategy document (Parliamentary document 1027/2016, Congress Resolution on 

the National Planning Strategy 2015 – 2026). This is a key factor for the successful 

implementation in Iceland, therefore the first key step towards a successful 

implementation has already been taken. The Icelandic National Planning Agency is a state 

authority, responsible for the administration and implementation of the Planning Act and 

Regulations, the agency is also responsible for preparing the National Planning Strategy on 

behalf of the Minister for the Environment and Natural Resources. As such it is seen as a 

key factor in the implementation of SuDS (Icelandic National Planning Agency, 2016). To 

further the implementation process, the logical next step would be to include key 

statements regarding SuDS into the Icelandic Planning Act and Regulations and formulate 

a vision for surface water in the National Planning Strategy document. Below are 

suggestions on these concepts.   

5.1.1 Planning Act and Regulations  

The goal should be to implement SuDS into all new developments, redevelopments and 
use the opportunity to implement SuDS when maintenance constructions are performed in 
already developed areas. The Icelandic Planning Act and Regulations should therefore 
include the following statement (with the English regulations in mind, section 4.1.1.):     
 

 All new developments or redevelopments in Iceland with 10 dwellings or more 
should include SuDS 

 

Based on the National Planning Strategy, the next natural steps are to successfully 

integrate SuDS into the Icelandic planning process. How this should be done will be 

discussed further in section 5.2. However, the Icelandic Planning Act and Regulations 

should make the importance of early SuDS implementation and good collaboration clear 

from the start. The regulations should therefore e.g. include statements such as:   

 SuDS should be planned for parallel with the general development and drainage plan 
from the start of the planning process 

 
 Implementation of SuDS is interdisciplinary. A partnership should be made early 

between all the relevant parties to work together in order to produce an effective 
SuDS scheme 

 

To ensure the quality of the SuDS implementations, all implemented SuDS should have to 

follow national standards and all implemented SuDS have to be approved first in the 

Planning Phase and then during the Design Phase. In every municipality it would be the 

task of the Environmental committee and the Public Health committee to review and the 

Planning Committee (ísl: Skipulagsnefnd) to review and approve SuDS at the Planning 

Process Phase and the Building Committee (ísl: Byggingarnefnd) to approve SuDS during 
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the design phase as it is already these committees that review and approve Municipality 

Plans and Site Planes (Icelandic Planning Act and Regulations no. 90/2013). To ensure this 

the Planning Act and Regulations should include statements such as:   

 SuDS schemes need to fulfil national standards in order to be approved 
 

 The Planning Committee needs to approve all SUDS implementations at the 
Planning Phase and the Building Committee at the Design Phase 

 

National guidelines are important to ensure that quality SuDS are implemented. The 

Planning Act and Regulations need to ensure that guideline documents are made.  The 

guidelines should be followed in accordance with any national or local regulatory 

requirements and the guidelines should be revised and updated in keeping with the 

development of the SuDS system in Iceland. The regulations could e.g. state that: 

 A National SuDS Manual should be made to provide best practice 
 

5.1.2 National Planning Strategy 

SuDS is mentioned in the Icelandic National Planning Strategy (see section 1.3) as a part 

of the healthy environment that municipalities should strive towards in their planning 

processes. In addition to the above the National Planning Strategy for Iceland might 

include a vision of surface water management and a strategy on how to implement that 

vision. The vision could for example be: Striving for such management of surface water 

that will ensure good water quantity, good water quality, amenity and biodiversity in urban 

areas. Strategic principles for the vision might subsequently be similar to the ones in 

Malmö:  

 Urbanization will not affect the natural water balance 
  

 To the greatest extent possible pollutants are to be kept away from urban runoff  
 

 Drainage system design will aim for pollutant removal along the runoffs all the way 
to the receiver 

 
 The system is to be designed to prevent flooding in heavy rains 

 
 Surface water is to be looked at as a positive resource in urban landscape wherever 

possible 
 

 Surface water is to be seen as an opportunity to enrich amenity and biodiversity in 
urban areas  
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5.2 Planning Process for SuDS 

The planning process for SuDS should be intertwined with the urban planning process 

from beginning to end as was stated in section 5.1. Figure 6 illustrates the relationship 

between the SuDS planning process and the urban planning process in Iceland. All the 

plans made in the planning process have to follow laws, regulations and policies. The key 

steps in the Icelandic planning process for the implementation of SuDS are the Municipal 

and Site Plans (ísl: aðalskipulag and deiliskipulag). They both fall under the Planning Act. 

The Municipal Planning stage for some areas of the municipality includes a Framework 

Plan Part (ísl: rammahluti aðalskipulags) which aims to further determine the construction 

or land use in order to provide further guidance for the Site Plan (Einar Jónsson, oral 

reference, 19.04.16). Good collaboration between different stakeholders, both internal and 

external, is vital throughout the entire SuDS implementation process as has been 

mentioned and can be seen on Figure 6. 

 

 

  

 

 

 

 

 

 

 

 

 

To implementing SuDS in to the planning process key issues to be considered and decision 

at each phase have to be mapped out along with data needed. The use of the planning 

process will ensure effective consultation in the approval process, with key stakeholders as 

local authority, relevant governmental institutions and the public (more on this in section 

5.3). With the planning process in place, good design and implementation of SuDS should 

be guaranteed. 

 

Figure 6 The urban planning process and SuDS planning processes. 
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5.2.1 Initial Planning for SuDS in the Municipal Planning Stage 

In order to successfully implement SuDS, the initial planning for SuDS needs to happen at 

the Municipal Planning stage. Considering the implementation of SuDS early on in the 

process provides planners and designers with opportunities to implement SuDS in 

accordance with how it responds to the exact context and character of the land thus 

influencing the overall character of the planning in a positive way. In the Municipal the 

planning stage needs to define the need for SuDS as well as the location and time of its 

use. The local conditions of the area and the site characteristics should be established. The 

hydrology and possible receptors for SuDS implementation in the area ought to be mapped 

out and flood risks analysed. The Municipal Plan should include documentation on the 

following (see Table 7 in chapter 3 for further information):  

 Potential flooding areas 

 Trapped water areas  

 Areas likely to be used for SuDS 

 Protection zones for water sources 

 A surface water management plan 

Pollution contents and nutrients differ greatly depending on land use, chemical use, 

precipitation and seasons. The pollution content in the surface water determines which 

treatment measures are chosen and how the SuDS is designed. Areas should therefore be 

mapped out based on likely pollution content in the surface water, i.e. highways, 

agriculture, industries etc. which might pollute the water should be highlighted. This 

makes it easier to determine which treatment measures the surface water of the areas needs 

subsequently, the SuDS for the area can be designed accordingly.  

5.2.2 Detailed SuDS Planning in the Site Planning Stage 

In the detailed planning stage, Site Planning, SuDS is planned for in more detail. In this 

stage most of the gathering of the data needed to implement SuDS is carried out and 

analyses are conducted on subjects that effect the detailed planning of SuDS. For further 

information on the data gathering see section 5.4. below, Table 7 from the Swedish case 

study chapter and Table 10 from the English case study chapter.  In the end of the Site 

Planning stage a planner should be able to select the SuDS components of the SuDS 

management train. Subsequent to this selection the scheme as a whole should be reviewed 

against the design criteria of the National Planning Strategy. Should the design fail to meet 

the design criteria or benefits have not been maximised, SuDS components should be 

revisited to see if there are any other more suitable alternatives or if the components can be 

designed in a more advantageous way to meet the design criteria. This should be repeated 

until the design criteria is reached.  
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5.3 Collaboration and Responsibility amongst 
Relevant Stakeholders in Iceland  

5.3.1 At the Strategy Phase 

The roles and responsibilities related to SuDS for governmental institutions and local 

authority committees have to be mapped out and assured, to guarantee necessary feedback 

and interdisciplinary cooperation. It needs to be evident at what phase and under which 

circumstances SuDS should be implemented and who is responsible for making these 

decisions. It needs to be evident who is responsible for the implementation, who ensures 

that quality SuDS is implemented and who is responsible for the operation and long term 

maintenance of SuDS. The SuDS implementation process is an interdisciplinary process, 

more so than e.g. implementing a traditional drainage system and successful collaboration 

between the relevant stakeholders from the beginning and throughout the whole planning 

process is therefor vital for a successful SuDS implementation. The stakeholders of SuDS 

are e.g.:  

 Governmental institutes overseeing the planning and the environmental issues 

 Local authorities, both key staff and representatives 

 Professionals in the field of Urban development  

o Planners 

o Engineers (environmental, sewage, etc.) 

o Biologists 

o Geologists 

o Hydrologists 

o Architects 

o Landscape Architects  

o Gardeners etc. 

 Inhabitants / community groups  

 The general public 

Relevant administrative stakeholders (according to Chapter 3, the Swedish Case Study) 

which always should be involved in the SuDS implementation are e.g.: 

  The Environmental Administration 

  The landowners or their representatives (in many cases is this the municipality)   

  The City Planning Office 

  The Water and Drainage Department and  

  The Street and Park Department  
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The Icelandic National SuDS Manual (see 5.1.1.) should include who the stakeholders of 

SuDS are, where and when collaboration between stakeholders needs to take place and 

what data is needed to implement SuDS in addition to being a practical instruction guide.  

5.3.2 At the Planning Phase 

The stakeholders of SuDS implementation are both statutory and non-statutory 

stakeholders and other interested parties, such as non-governmental organizations and the 

general public. It depends on where SuDS is located who the stakeholders are. If there is 

an opportunity to involve the local community, this should be done since involving them 

from the start tends to foster the appreciation of the role and benefits of SuDS and an 

enhanced sense of responsibility for the maintenance and protection of SuDS.  

A good way to start the collaboration process is to have a start-up meeting at the beginning 

of the planning process with all the relevant stakeholders present. At this start-up meeting 

the surface water issues should be addressed. All the stakeholders should see it as their 

responsibility to ensure that it is done. The key roles and responsibilities of the 

administrative stakeholder in the Planning Process Phase are shown in Table 13. How 

Malmö divides the roles and responsibilities can be seen in sub section 3.3.3, where the 

roles and responsibilities of all the phases are described in more detail.    

Table 13 The key roles and responsibilities for SuDS in the Planning Phase.  

Stakeholders  The Roles and the Responsibilities 

The City Planning Office Ensures that surface water investigations are carried out and 

that enough land is reserved for SuDS. 

The Water and Drainage 

Department 

Conducts surface water investigation in the Municipal 

Planning stage and set SuDS management requirements into 

the Site Plan. 

The Street and Park 

Department 

Responsible for the amenity and biodiversity aspects of 

SuDS facilities, which should be multi-functional if 

possible. 

 

All the administrative stakeholders involved in SuDS have the joint responsibility to 

document and evaluate the whole implementation process. This also means that prior to 

starting a new project information about previous projects should be gathered.  
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Statutory Consultees   

In the planning process, consultation with statutory consultees needs to take place. This 

also applies to the SuDS planning process. It depends on the conditions and location of the 

implementation who the statutory consultees are. Two main statutory consultees who are 

always consulted are: 

 The Environment Agency of Iceland (ísl: Umhverfisstofnun) and  

 The Cultural Heritage Agency of Iceland (ísl; Mynjastofnun Íslands)  

Other general statutory consultees, who would most likely be consulted, on SuDS because 

of their professional knowledge would for example be (Einar Jónsson, oral reference, 

09.05.2016):   

 Icelandic Meteorological Office (IMO) (ísl: Veðurstofa Íslands)  

 Icelandic Road Administration (ísl: Vegagerðin)  

 Public Health Authorities (ísl: Heilbrigðisstofnanir)  

 Icelandic Institution of Natural History (ísl: Náttúrfræði-stofnun Íslands)  

5.3.3 At the Design Phases  

During the Design Phase the collaboration between different specialists, such as designers, 

planners, engineers, ecologists, and geologists is of great importance. The main 

administrative stakeholders keep on having important roles and responsibilities in the 

Design Phase these roles and responsibilities are listed in Table 14. 

Table 14 The key roles and responsibilities of SuDS in the Design Phase. 

Stakeholders The Roles and the Responsibility 

The Environmental 

Administration 

Responsible for highlighting the environmental effect which surface 

water has on the environment and for evaluating land investigations 

made in the SuDS design process.   

The landowners or 

their representatives 

Responsible for managing the project and should contact the Water 

and Drainage Department and the Street and Park Department to 

discuss SuDS for the area.  

The City Planning 

Office 

Provides information about SuDS requirements decided upon in the 

Site Plan stage and are responsible for making sure that these 

requirements are followed.  

The Water and 

Drainage Department  

Designs the hydraulic part of the SuDS e.g. calculate the hydraulic 

capacity and the size of the SuDS facilities. Responsible for the cost 

of the technical part of the design plan. 

The Street and Park Responsible for the costs for the design of the aesthetics and 
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Department landscapes planning facilities.   

5.3.4 In the Construction Phase 

In the Construction Phase information and data concerning the construction and the 

implementation of SuDS needs to be well documented and handed over to the ones 

responsible for the operation and maintenance of SuDS. The main roles and 

responsibilities during the Construction Phase are displayed in Table 15. 

Table 15 The key roles and responsibilities of SuDS in Construction Phase. 

Stakeholders The Roles and the Responsibility 

The landowners or their 

representatives 

Responsible for the coordination and overall management 

of the site.  

The Water and Drainage 

Department 

Are responsible together with the Street and Park 

Department they for the implementation of SuDS.  

The Street and Park 

Department 

Parallel to the implementation of SuDS, building layouts are 

made. The responsibility for the SuDS implementation is 

forwarded to the respective operating and maintenance 

departments.  

5.3.5 At the Operation and Maintenance Phase 

It needs to be very clear who is responsible for the operation and long term maintenance of 

SuDS. The stakeholders in the Operation and Maintenance Phase are e.g. the ones 

responsible for the operation and maintenance, i.e. the Water and Drainage Department 

and the Street and Park Department, then the Road Authorities in the places where SuDS is 

draining the roads and the residents where SuDS is located in a residential area. Table 16  

describes the key roles of the Operation and Maintenance Phase.       

Table 16 The key roles and responsibilities of SuDS in the Operation and Maintenance Phase. 

Stakeholders The Roles and the Responsibility 

The Water and Drainage 

Department 

Fiduciary responsibility for the hydraulic capacity and water 

quality of SuDS. 

The Street and Park 

Department 

Manage the day-to-day operations and maintenance of 

everything regarding SuDS except for the parts that the 

Water and Drainage Department is responsible for.   

 

It is clear from looking at the contexts of Tables 13 -16 that the Water and Drainage 

Department and the Street and Parks Department play vital roles in the SuDS 
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implementation. It is therefore especially important that there should be good collaboration 

between these two departments.  

5.4 Data Knowledge 

SuDS implementation requires extensive knowledge of the site’s meteorological, 

hydrological and geological features. Hence, an interdisciplinary site data is a foundation 

for the successful design and construction of SuDS. How detailed the data needs to be 

depends on the site in question. The data can be collected on site however it helps to have 

some data available in advance to grasp the characteristics of the site.  

Specific institutions in Iceland, have legal obligation to collect some of the data needed for 

the SuDS implementation. For example, the IMO has the obligation to collect data 

regarding surface water and groundwater (law about the Icelandic Meteorological Office 

no. 70/2008), the Icelandic Institution of Natural History collects geological data and data 

on flora and fauna (law about the Icelandic institution of Natural history no. 60/1992), the 

National Energy Authority (Orkustofnun) has the obligation to collect data on energy 

resources and other geological resources (law about the National Energy Authority no. 

87/2003) and the National Land Survey of Iceland operates a geoportal to provide access to 

digital spatial data and information on that (law about the infrastructure for digital 

information in Iceland no. 44/2011).  

Table 17 presents an overview of the site characterisation that should be defined in the 

planning process and the data that needs to be available to make the site characterisations 

in Iceland. The table is based on Table 8 from the Swedish case study chapter and Table 11 

from the English case study chapter. These two tables describe the site characterisation 

and the reasons behind it in more detail. Table 17 lists the institutions in Iceland which 

provide the specific data. The table also shows at what stage in the planning process the 

data is needed. The Icelandic database has been substantially improved in recent years, in 

particular regarding the digitising of it. The purpose of the data in the SuDS 

implementation process and the status of the Icelandic data base and the data source will 

be discussed further in the sections below  Table 17.  
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SITE CHARACTERISATION DATA DATASOURCE
MUNICIPAL 

PLAN

SITE 

PLAN

Site topography Site elevation lines The Municipalities ●

Water protected areas Surface water location The Environmental Agency of Iceland 

Groundwater Unknown

Site flood risk Groundwater Unknown

Rainfall and snowmelt The Icelandic Meteorological Office 

Rising sea level The Icelandic Meteorological Office

Sewer and drainage The Municipalities

Surface water levels The Icelandic Meteorological Office 

Existing flow routes and discharge 

points
Site elevation lines The Municipalities

Soil The Agricultural University of Iceland

Surface water location The Environmental Agency of Iceland 

Sewer and drainage The Municipalities

Potential for infiltration Soil The Agricultural University of Iceland

Bedrock National Land Survey of Iceland

Groundwater Unknown

Potential for surface water 

discharge
Surface water location The Environmental Agency of Iceland 

Rising sea level The Icelandic Meteorological Office

Surface water levels The Icelandic Meteorological Office 

Existing land-use Existing land-use The Municipalities

Existing infrastructure The Municipalities

Local habitat and biodiversity Vegetation The Icelandic Institution of Natural History ●

Site elevation lines The Municipalities

Existing land-use The Municipalities

●

●

●

●

● ●

●

●

●

Local landscape and townscape 

●

 

 

Table 17 The site characterisation and data needed to implement SuDS have been collected and the 

datasource for the relevant data in Iceland listed. At what stage the data is needed is also catogoraced.  
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5.4.1 Site Elevation Lines  

To assess the site topography, 1m elevation lines or less are needed. When analysing the 

site, the elevation lines should be used to answer question, such as:  

 Will flow paths naturally occur in particular locations?  

 Are there low lying areas on site, where water will naturally accumulate?  

 Are there any particular flat or steep parts on site?  

 

The topography of the site is a good indication of the natural drainage pathways. It is 

helpful to use the natural topography of the site as much as is possible to drain the surface 

water off site without having to add extra infrastructures or pumping (Ballard et al., 2015). 

Steep slopes may not be suitable for conveying the surface water consequently essentially 

flat areas, where water will naturally accumulate, may be good locations as SuDS storage 

areas and should be reserved for that use. elevation lines are also used to determine coastal 

flood risks and to analyse current catchment areas on site (Ballard et al., 2015).  

20 m elevation lines of Iceland are available on the National Land Survey of Iceland 

webpage together with 10 m elevation lines of some areas (National Land survey of 

Iceland, 2016). Some municipals have more detailed elevation lines (Reykjavík has e.g. 1 

m elevation lines available (Reykjavík City, 2016)) however, it varies greatly between 

municipalities. If detailed enough elevation lines are not available (1m or less) they should 

be made for each particular situation.    

5.4.2 Surface Water Location 

Where the intention is to implement SuDS, the surface water flows to the area should be 

highlighted as well as any surface water in the area and water protection areas. Surface 

water locations for the area are therefore needed. Special measures need to be made in the 

planning process for water protection areas and this needs to be addressed early on and 

should therefore be thought of at the Municipal Planning stage. Data on the surface water 

in the area is also needed to establish the natural discharge points and possible receptors.  

The National Land Survey of Iceland has an open data source (GIS) for the location of 

surface water in Iceland available on their website in the scale 1:50.000, ready to be 

downloaded (National Land Survey of Iceland, 2016). On the formal webpage for the 

water directive in Iceland (Law about the water management in Iceland no. 36/2011) the 

Environment Agency of Iceland provides access to the water bodies viewer 

(Vatnhlotavefsjá) run by the IMO (www.vatn.is). The water bodies viewer is intended to 

provide information about the quality status of the water in Iceland. However, because of 

lack of funding for the project, it has not been fully implemented consequently, 

information is lacking (Davíð Egilson, oral reference, 22.04.16). The data source for 

surface water data is the IMO.   



63 

5.4.3 Surface Water Levels  

Data on surface water levels in the area needs to be known to implement SuDS. The data 

is e.g. used at the Municipal Planning stage to analyse the flood risk of rivers, lakes, 

wetlands, etc. in the area. To be able to estimate the flood risk accurately the water levels 

need to have been measured, at least over a few decades. To estimate possible discharge 

points for the SuDS, the flood risk for the potential receptor need to be analysed and 

therefore data on surface water levels are required.  

The IMO operates a network of gauging stations, dating back to 1950, throughout Iceland 

which provide basic information on the hydrology of Iceland. The gauging stations provide 

e.g. information concerning water levels (IMO, 2010), the return period for freshwater 

floods and predictions on flash floods for the whole country. However, the data quality and 

how far back the data rows go varies depending on location and methods (Davíð Egilson, 

oral reference, 22.04.16). The focus is also, on large rural rivers as opposed to urban rivers 

and lakes as can be seen from the locations of the gauging stations (Figure 7). The water 

level at the gauging stations however, apparently affect the rivers and streams in urban 

areas below.  

Figure 7 The location of the gauging stations in Iceland (IMO, 2012). 
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5.4.4 Rising Sea Level 

All types of possible floods in the area need to be analysed, including coastal flood risks. 

An analysis on to what extent the identified flood risks could impact or be influenced by 

the surface water management system needs to be made. Consequently, data on how much 

the sea level is predicted to rise in e.g. the next 100 years, needs to be available. In 2008 

the Ministry of the Environment in Iceland published a report on the effects of global 

warming on Iceland. Prediction and discussions concerning the rising sea level can be 

found in this report (Björnsson et al, 2008). A new report on this topic is in the pipelines 

and will be published at the beginning of next year. The data source for further information 

on this topic is the IMO website (Halldór Björnsson, oral reference, 11.05.16). Information 

on the highest historical sea levels must be available when analysing flood risk and the 

rising sea level is also something that has to be accounted for when analysing the possible 

receptors for the surface water.     

5.4.5 Sewer and Drainage 

Information, such as the location, depth and capacity, of the existing sewer and drainage, if 

any, need to be known to implement SuDS. This information is used among other things to 

estimate the risk of sewer overflow. The sewage and drainage information is also used to 

estimate the natural drainage patterns of the site and existing flow paths and discharge 

points as well as to map out all below ground infrastructure of the area. Finally, from this 

data, analysis can be made on the potential reuse of the drainage infrastructure.      

Some municipalities in Iceland have detailed data on the sewer and drainage systems (e.g. 

Reykjavík (Reykjavík City, 2016)) however, the availability and quality of this data as with 

the data for elevation lines varies between municipalities. 

5.4.6 Existing Land Use and Infrastructure 

If the area is a redeveloped area, land use and existing infrastructure above and below 

ground need to be mapped. Questions such as will the land use change subsequent to the 

development or are there any opportunities to use the site more effectively regarding 

surface water management, should be asked. Implementing SuDS would then be one of 

these opportunities. How the site was used before the development will also impact the 

extent to which runoff needs to be managed by SuDS for the proposed area (Ballard et al., 

2015).  

Data on the location, the depth of the below ground infrastructure and location of the 

above infrastructure needs to be available however, the existence and quality of such data 

varies between municipalities in Iceland. If there is however available data on the below 

ground infrastructure it should not be considered as definitive information consequently, 

surveys should always be carried out in order to confirm the data. 
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5.4.7 Soil 

To implement SuDS, the permeability of the area needs to be investigated, since any 

estimation on how much detention is needed and how much water will have to be stored is 

related to the permeability of the soil. However, prior to this a geotechnical investigation 

of the area and surrounding areas needs to be collected in order to be able to determine the 

scope of a comprehensive geotechnical and geo-hydraulic survey. The area should then be 

characterised and mapped in terms of its potential for infiltration (e.g. good/ poor/ not 

possible) and the existing topsoil and subsoil on site should be assessed, so the suitability 

for reuse can be determined. Data about the ground conditions are also needed to be able 

to fully analyse the existing flow routes and discharge points in the area.  

The Agricultural University of Iceland has classified the soil in Iceland. From those, soil 

data and maps for Iceland in the scale 1:250 000 can be accessed (Arnalds, 2016). The 

main analytical characterization for the classification in those maps is the amount of 

organic carbon in the soil (Arnalds, 2009). The Icelandic Institution for Natural History has 

also some geological maps including superficial deposits in the scale 1:250.000 however, 

they do not cover the whole country (Lovisa Ásbjörnsdóttir, oral reference, 10.05.16). 

These maps can give an idea about the soil of the area in question, but do not give detailed 

enough information for the SuDS implementation. Further investigation of the soil in the 

area would therefore have to be performed. ISOR (e. Icelandic Geosurvey, ísl: íslenskar 

orkurannsóknir) has also made some superficial deposits maps of a few places in Iceland.  

(Lovisa Ásbjörnsdóttir, oral reference, 18.05.16). A list of these places can be found on 

ISORS website however, these are mostly maps of rural areas 

5.4.8 Bedrock 

In addition to soil the potential for infiltration of bedrock is necessary consequently, the 

type and conditions of the bedrock in the area should be made available. The National 

Land Survey of Iceland’s website has relevant data on the bedrock in Iceland available in 

the scale 1:100.000 (National Land survey of Iceland, 2016) which gives an idea of what 

kind of bedrock is in the area in question. However, this information is not detailed enough 

for the implementation of SuDS. Bedrock maps were made for the capital area of Iceland 

during 1995- 2000 in the scale 1:25.000 and are accessible on the Icelandic National 

Energy Authority website (Þórunn Erla Sighvats, oral reference, 10.05.16). For more 

detailed data, especially in areas outside the capital area, the bedrock should be 

investigated further. 
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5.4.9 Vegetation 

When preparing to implement SuDS existing site habitat characteristics, such as types and 

species of flora and fauna should be documented. With this consideration can be given to 

which species of flora and fauna might fit into a new habitat created by the SuDS. For this 

vegetation data of the area can provide valuable information.  Furthermore, the vegetation 

data can provide answers about the extent of moisture is in the area which is important for 

the SuDS implementation. Existing and historical important habitats, such as e.g. 

grasslands, ponds, wetlands etc., should be evaluated in order to assess which should be 

supported and/or recreated where valuable and appropriate. For this historical vegetation 

data is needed.      

In a map web browser, located on the Agriculture University of Iceland’s webpage land 

use maps for Iceland can be found (Agriculture University of Iceland, 2016). These maps 

give a rough idea of the vegetation in the area. The Icelandic Institution of Natural History 

is making a vegetation map of the low land in Iceland in the scale 1:25.000 which is 

expected to be completed next winter (Lovisa Ásbjörnsdóttir, oral reference, 10.05.16). 

Vegetation maps for the capital area are also available from the Icelandic National Energy 

Authority in the scale 1:25.000 (Þórunn Erla Sighvats, oral reference, 10.05.16) 

5.4.10 Rainfall and Snowmelt  

Urban flooding and sewer overflows are generally associated with short rain duration 

events or alternatively snow melt. To be able to analyse the surface water flood risk, 

precipitation measurements taken every 5-10 minutes and quantitative data for snow melt 

in urban areas are required. Unfortunately, the data for this in Iceland is limited. However, 

during the last 15 -20 years the Icelandic Met Office has been installing automatic rain 

gauges around the country. Consequently, it will hopefully be possible to carry out a 

country wide analysis of rain duration in the next 5-10 years, provided that these stations 

are properly maintained. Furthermore, The IMO has a network of rain gauges around the 

country which are read once a day (Bergþórsson, 1977). Because of the lack of short rain 

duration data, a method called the 1M5 method is used to estimate short rain duration 

which relate intensity duration and frequency (Elíasson and Thordarson, 1996). The IMO 

recently started using a new weather forecast model, Harmonie which can evaluate the rain 

duration for any time period with more precision than its predecessors. Harmonie will in 

the future be installed to generate hourly rain duration data (Davíð Egilson, oral reference, 

20.05.2016). As was stated above, Harmonie is able to evaluate the rain for any time 

period, to predict a short time duration however, the data quantity will be enormous. So far 

short duration predictions have not been a priority at the IMO when it comes to 

Harmonie’s collecting data (Bolli Pálmason, oral reference, 20.05.16).     

 

The water resource in all the Nordic countries, including Iceland, have been mapped with 

the support of the Nordic Energy Research Fund, the IMO being Iceland’s representative in 

the project.  Among other things the results give a mean annual seasonal runoff map of 

Iceland in the scale 1:300.000 and same scale maps showing the change in mean annual 

numbers of days per year when snow covers the ground (Icelandic Meteorological Office, 

2016). Harmonie, the new weather forecast model, can evaluate the snow melt for any 
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time period and can also predict snow melt back in time (Davíð Egilson, oral reference, 

12.05.16).     

5.4.11 Ground Water 

Groundwater levels in urban areas are important for several reasons. The groundwater 

inflow to the area should therefore be highlighted. Data information about groundwater 

levels in the area and the variation and top level of the groundwater surface are needed to 

make analyses about possible risk of groundwater flooding. Groundwater flooding can 

occur due to prolonged periods of unusually high rainfall. When this happens the 

groundwater table rises and can in some areas, where prior to the rain the groundwater 

table is at a shallow depth, reach the surface and potentially lead to groundwater flooding 

(Environmental Agency of England, 2014). Groundwater storage capacity is dictated by 

the depth of the groundwater level as well as soil permeability. 

Groundwater data collection focuses on where groundwater is utilised, e.g. power 

production or water extraction. Consequently, this data is not collected systematically in 

Iceland at least not for urban areas. Since the data is not available evaluation needs to be 

made. The Icelandic National Energy Authority website has an Icelandic Energy Portal 

where the location of all the boreholes made in Iceland can be found (National Energy 

Authority, 2016). These boreholes can be used to measure the groundwater depth all over 

Iceland. However, many years of groundwater data is needed, for the estimation to become 

precise. Since there is no ground water data available it seems impossible to make valid 

estimation. Relatively accurate estimation can though be made for harbour areas, where 

the ground water surface can be anticipated to be roughly at a level with the sea (Davíð 

Egilson, oral reference, 12.04.16). Because it is hard to estimate highs and lows of the 

groundwater level and data from previous years is needed, measurements of the 

groundwater levels in Iceland is something that should be collected. There does, however, 

exist a groundwater model for the greater capital area of Reykjavík. It could be expanded 

into the urban area, and become a tool for estimated groundwater levels there (Vatnaskil 

Consulting Engineers, 2013) 

5.4.12 Future Research 

Even though SuDS techniques are not new, there are still issues to be studied on their long 

term performance and whole–life cycle cost (Kirby, 2005). Further research is thus needed. 

Issues like behaviour of SuDS in cold climate, and environment with temperatures in the 

freeze – thaw zone need also to be researched further. A research team at the University of 

Scotland has undertaken research focusing on SuDS (Kirby, 2005). 

Only limited research on SuDS has been carried out in Iceland. At least two studies have 

been made regarding Urriðarvatn, the lake in the neighbourhood Urriðarholt, one on the 

hydrology of Urriðarvatn (Hjartarson, 2006) and the other on the biosphere in Urriðarvatn 

(Malmquist et al., 2006). One research has been made on green roofs in Iceland 

(Ágústsson, 2015). More research on SuDS in Iceland needs to done in the coming years. 

Some sort of research centre for SuDS in Iceland would for example be ideal to ensure 

this. This might for example be a good project for one of the Universities in Iceland.   
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Substantial progress has been made in the Icelandic data base in recent years, especially in 

terms of digitising the data base. General collection and systematic research of data needed 

for SuDS implementation nevertheless needs to be strengthened e.g. 1m site elevation lines 

in urban areas should be made, systematic research regarding soil characteristics and 

ground water levels should be performed and short rain duration intensity data collected. 

5.5 Education, Information and Training 

In light of the large number of collaborative partners and stakeholders required for a 

successful implementation of SuDS (section 5.3) and necessary data (section 5.4) it is 

obvious that it is imperative to educate, inform and train the stakeholders on the best 

practices. Furthermore, the implementation of SuDS can be encouraged by educating and 

informing the public about the operation and benefits of SuDS and the potential of water 

pollution without the use of SuDS.  

From the interviews with local stakeholders and interaction with attendees of the science 

conference at Reykjavík Energy, where the initial findings for this theses were presented, it 

is evident that prior to this, knowledge of SuDS is limited.  Most of them knew of SuDS 

however, deeper knowledge and awareness about the benefits of SuDS has been limited 

and none has had any technical training.  

Everyone involved in the SuDS implementation, operation and maintenance etc. need to be 

educated and/or informed about SuDS. These include: 

 Governmental Institutions overseeing planning and environmental issues  

 Local Authorities, both key staff and representatives 

  Professionals in the field of Urban development (planners, engineers, etc. (see sub 

section 5.3.1)  

 Employees of businesses operating on sites drained by SuDS  

 Residents 

 Community Groups 

 The General Public     

Table 18 lists what the different groups need to learn and the reasons why these different 

groups need educating and/ or training about SuDS are listed. The table is based on the 

understanding and knowledge which has been gained through the process of making this 

thesis. 
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Table 18 what the different groups need to learn and why. 

Groups What they need to learn and why 

Governmental  

Institutions  

Need to acquire knowledge of the roles, benefits and services of 

SuDS in urban environments to be open for implementing SuDS 

into legal systems on a large scale. 

Local Authorities Need knowledge on how to do introduce SuDS stepwise into the 

planning process in addition to be familiar with the roles, benefits 

and services of SuDS in the Urban Environment. This is necessary 

for the promotion of the implementation of quality SuDS   

Professionals In addition to having knowledge of the roles, benefits and services 

of SUDS they need to have deeper technical knowledge of SuDS 

to be able to design quality SuDS and operate and maintain it in 

successfully.  

Employees of 

businesses 

Need to be informed about pollution prevention to ensure the 

durability of SuDS and the protection of the environment. It would 

be an advantage to inform them also on SuDS in general (Ballard 

et al., 2015). 

Residents and/or 

Local Community 

Groups 

They should be informed about SuDS and their benefits in general 

and receive proper training in the operation and maintenance of 

SuDS. Informing the local residents and/or community group 

tends to foster appreciation for the role and benefits of SuDS and 

an enhanced sense of responsibility for maintenance and 

protection. 

The General Public    Should possess an over-all knowledge about the concept of SuDS 

as improving the public understanding of the operation of SuDS 

and the potential for water pollution can encourage pollution 

prevention (Ballard et al., 2015).   
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Suggestions on what kind of education and/or training might be suitable for each of these 

groups is presented in Table 19. 

Table 19 Form of education and training suitable for the different groups. 

Groups How  

Governmental 

Institutions 

Targeted lectures, courses and reading material on SuDS.  

Local Authorities Lectures, courses and reading material on SuDS in general and 

on how to implement SuDS into the Planning Phase.  

Professionals Training camps that teach how to implement SuDS according 

to best practice.  

Employees of 

businesses 

Document regimes with information on pollution prevention 

should be put up. 

Residents and/or Local 

Community Groups 

Education through allowing them to be part of the 

implementing process. This can happen through meetings, 

surveys and/or workshops. 

The  

General Public    

Public outreach campaigns explaining the possible impact of 

pollution in general and the positive effects of SuDS and 

recommendations for alternative form of pollution disposal. 

Signs that highlight the possible impact either at or near SuDS, 

or at possible inlets are also effective (Ballard et al., 2015), see 

Figure 8. 

 

Figure 8 Examples of signs that can be used on public drains to awake awareness about pollution           

(Ballard et al., 2015). 
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5.5.1 National SuDS Manual  

A best practice SuDS manual for Iceland needs to be made as has been stated in section 

5.1.1. and is according to the Icelandic National Planning Agency something that they 

would like to see happen (Einar Jónsson, oral reference, 09.05.2016). The manual should 

provide best practice implementation processes, ensure SuDS successful maintenance 

along with health and safety guidelines. It should also ensure that the SuDS maximize the 

landscape, the biodiversity and amenity of the scheme. All stakeholders of SuDS then need 

to familiarise themselves with this manual to ensure that best practice quality SUDS is 

implemented.  

It would also be ideal to have an Icelandic SuDS website that everyone interested in 

learning about SuDS, seeking knowledge on SuDS etc. could visit. This website could in 

addition to the general SuDS material provide information and links on laws and 

legislation regarding SuDS and data sources needed to implement SuDS etc.     
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6 Conclusions 
 

The water cycle behaviour in urban areas differs greatly from the natural water cycle in a 

greenfield site due to impermeable surfaces that cause urban runoff. The traditional way of 

handling urban runoff is collecting and piping it directly into the nearest ditch or river, 

quickly and effectively. This method can cause problems, such as high risk of urban 

flooding, lowered groundwater table, polluted water etc. The SuDS method, a method that 

mimics nature’s way of dealing with surface water, has for this reason become increasingly 

popular around the world in the last decades. The method has gained more attention in 

Iceland in the last years and the Icelandic authorities have shown increased interest in 

including SuDS into the general planning, The Planning Act and Regulations and the 

National Planning Strategy has set the base for the implementation of SuDS however, 

Iceland still lacks a comprehensive strategy to obtain the benefits of SuDS.  

The purpose of this study is to identify the key factors for a successful SuDS 

implementation in Iceland. To identify these key factors, the study has: 

  Identified the regulatory and policy framework needed to ensure a successful SuDS 

implementation 

  Researched how SuDS should be implemented into the different stages of the 

municipal planning process in Iceland 

  Distinguished who the Icelandic stakeholders that need to collaborate in the SuDS 

implementation process are and how responsibility should be divided among them  

  Investigated the status of the Icelandic knowledge base required for SuDS, such as 

data availability, education, information and training.  

This is done by firstly studying the SuDS history in two countries, Sweden and England. 

These two countries were chosen because both have been successful in implementing 

SuDS and are geographically not far from Iceland, have similar cultures and similar 

weather patterns, e.g. lot of rain and clear distinction between winter and summer.  Special 

attention has been made on the national guidelines in the two countries respectively. On 

the other hand, formal and informal interviews have been conducted with selected 

Icelandic specialists and statutory consultees. 

The main result of the thesis is that a successful implementation of SuDS in Iceland 

involves looking at the five stages of the SuDS life cycle, which are Strategy – Planning – 

Design – Construction and Operation and Maintenance. The key success factors identified 

in this study are: (1) Regulations and Policy Frameworks, (2) Planning Processes, (3) 

Collaboration and Responsibilities, (4) Data and (5) Education, Information and Training. 
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In the first “strategic” phase, it is important to develop comprehensive regulatory and 

policy frameworks regarding SuDS in Iceland. The regulatory framework should ensure 

that SuDS is widely implemented and planned for parallel to the general development. It 

should guarantee that collaboration between relevant stakeholders starts early to ensure 

good collaboration throughout the whole planning process. There should be a long term 

vison for the surface water management to ensure quality. National standards for the SuDS 

implementation should be made and there should be SuDS approving committees which 

approved all implemented SuDS. The law also needs to make it clear who is responsible 

for the long-term maintenance of SuDS. To further ensure the quality of SuDS a national 

best practice manual needs to be made and education, information and training for those 

implanting SuDS need to be available as well as general education for the public. Finally, 

further research on SuDS in Iceland and the long term maintenance of SuDS needs to be 

carried out.       

In the second “planning” phase, SuDS needs to be intertwined with the urban planning 

process from beginning to end. SuDS needs to be thought of from the start of the 

Municipal Planning stage (ísl: Aðalskipulag) so that it can respond to the context and 

characteristics of the land. By thinking of SuDS from the start SuDS can also impact the 

overall character of the planning in a positive way.  In the Site Planning stage (ísl. 

Deiliskipulag), the SuDS are planned in more detail and components for the SuDS 

management train are selected. 

In order to ensure quality SuDS that will last for a long time, the roles and responsibilities 

of the relevant stakeholders need to be clearly defined, and a route ensured for good and 

open collaboration between the stakeholders.  This factor is crucial in all stages of the life 

cycle of SuDS. It needs to be clear when and where SuDS should be implemented and who 

is responsible for the implementation and long-term maintenance of SuDS. Generally, the 

Water and Drainage Department and the Street and Park Department are the ones 

responsible for both the implementation and the long-term operation and maintenance of 

SuDS. Consequently, a good collaboration between these two departments is vital.       

A successful SuDS is based on detailed site specific information including meteorology, 

hydrology, geology and natural and built environment. Most of the data needed to 

implement SuDS in Iceland is available or being made, however the extent to which the 

available data is varies between categories. Substantial progress has been in the Icelandic 

data base in the resent years, especially in terms of digitising the data base. There is 

however, some shortage in the data base especially regarding detailed site elevation lines 

in urban areas, systematic research regarding soil characteristics and ground water levels 

and short rain duration intensity data. 

It is clear that in order to implement long lasting quality SuDS successfully, local 

stakeholders need to be educated, informed and trained about the role and benefits of 

SuDS in the urban environment. Local authorities and designers (architects, engineers etc.) 

need technical training. Informing the local residents and/or community groups tends to 

foster appreciation and responsibility amongst themselves for maintenance and protection 

of SuDS. Improving public understanding of the operation of SuDS and the potential for 

water pollution can encourage pollution prevention. To ensure that best practice quality 

SuDS are made a best practice SuDS Manual for Iceland needs to be made. It would also 

be ideal to have an Icelandic SuDS website. 
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6.1 Limitations and Future work 

The results of this study have been developed to form a basis for further progress of SuDS 

implementation in Iceland and as such will hopefully serve as a basis for a successful 

implementation of SuDS in the country.  Furthermore, it is the hope of the author of this 

thesis that the proposals and guidelines presented in chapter 5 will be used as tools for a 

successful SuDS implementation both at the national and local level. 

Further research on how to best implement SuDS in Iceland needs to be carried out in 

order to build upon the results from this study. More countries should be studied, 

especially those with cold climate and weather conditions similar to those in Icelandic e.g. 

Norway and Canada. Research on SuDS in the Icelandic environment and with Icelandic 

vegetation also needs to be performed as well as research of the long-term effects the 

Icelandic environment has on SuDS and the technical aspects of SuDS in Iceland.  Further 

research on the available database in Iceland would also be beneficial and research made 

to strengthen the Icelandic database with regard to SuDS would be positive for the overall 

implementation of SuDS in Iceland.    
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