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I want to explore one specific area with you, how GI can help us adapt to climate change.
I’m not going to discuss climate change itself, there is reasonable consensus that change is happening and the uncertainties remain only about the scale and speed of change. I want us instead to consider how we deal with and adapt to changes, remembering that this is about risk management and creating resilience. 

A changed climate is going to detrimentally affect our wildlife, as an ecologist this is important to me, but it would be naive to think it would be on the top of everyone else’s list, especially when we are already seeing cuts across all sectors.  But climate change is the one thing we can guarantee won’t go away. 
Climate change will also affect people and our environments. But to date these issues haven’t been tied together all that well. Instead of asking what we can do for the natural environment maybe we need to turn the question round and ask what it can do for us?! 
So what issues are our cities facing? 
The latest UK climate projections, suggest our climate will get significantly warmer, particularly in summer. Annual precipitation levels will stay much the same but be more seasonal with flooding in winter and drought in summer. By the end of this century, it is estimated that temperature will rise between 1.8°C and 4°C above 1990 levels, unless decisive action is taken to cut GHG emissions. 
In the UK nearly eight in ten people live in urban areas and this is expected to rise to over 90% by 2030. It is therefore in urban areas that climate change impacts will be most felt, by people and infrastructure. 

As an already very dry region, with a large proportion of our population living in vulnerable coastal areas, the impacts of climate change are likely to be more pronounced for all of us. 

Impacts are already being seen, it is estimated that the European heat wave in 2003 claimed 35,000 lives whilst the Cumbrian flood damage is thought to have cost over £200m. 
It is therefore essential that our urban areas are able to adapt, but the structure of urban environments actually accentuate the effects of climate change. These biophysical changes are varied, ranging from changes to air flows around buildings, to the replacement of vegetated surfaces with impervious surfaces like concrete.

Energy exchanges are altered by development to create an urban heat island, a dome of warm air that frequently builds up over urban areas. A London study suggested that the urban heat island currently adds up to 5-6°C to summer night temperatures and it is likely that this will intensify in future. 

Increased urbanization also affects hydrology reducing absorption of rainwater, so that capacities of sewerage systems and riverbeds are increasingly overburdened. Climate predications for more intense rainfall and extreme weather events will heighten the risk of urban flash flooding. The Association of British Insurers suggests that weather related claims are already increasing by 2-4% per year.
It should be noted that none of the climate change predictions or assessments of the likely impacts take these factors into account.

The infrastructure of urban environment is designed to last; at least 80% of the housing stock that will exist in 2050 has already built. The characteristics of building materials are also likely to be affected by climate change.

For instance, the strength of concrete is reduced by curing at high temperatures, mortar and stone are weakened by increased atmospheric CO2 and driving rain, increased UV light levels cause plastics to become more brittle and accelerate degradation of roofing felts, and perhaps most worryingly, increased temperatures can change the moisture content of bricks and reduce their strength. Intense heat can melt tarmac and cause roads to crumble; in Cambridgeshire the anticipated annual cost of maintenance was calculated to be between £600,000 and £3 million, for best, and worst case climate scenarios.
It’s imperative that action happens now to ensure that buildings, infrastructure and open spaces are adequately ‘climate proofed’ for future conditions. Unless we adapt, climate change could mean that existing developments prove too uncomfortable to live in, too expensive to run and maintain, and affordable insurance may no longer be available.

So what role can GI play?
Even if we’re successful in reducing our emissions, societies will need to adapt to some level of climate change as much of the change is pre-determined. A wider response to climate change is needed, highlighted by the shift towards risk-based approaches and the identification of mechanisms for adapting to climate change.

Much of the focus of mitigation and adaptation to date has been around ‘technical’ fixes with renewable energy generators increasingly popular, geoengineering solutions and even proposed manipulation of marine biology to increase carbon uptake. These technical tools are however expensive and have lot of unknowns around the robustness of the science, their reliability and their real potential to help.

However green infrastructure provides us natural tools for mitigation and adaptation. In non-urban environments heat island effects are not observed and flooding occurs less often and with fewer impacts. We can assume therefore that more natural environments are better adapted to current and future climatic conditions and can teach us lessons for the adaptation of the urban environment. 
SUDS

Climate projections predict a drop in annual rainfall, but significantly wetter winters with up to 20% more rain and an increase in frequency of extreme weather events. Many areas already experience flooding and predicted drier summers may increase the risk in flash flooding when sudden storms cause very rapid run-off over dry, impermeable ground.

PPS25 Development and Flood Risk says that flood risk is expected to increase as a result of climate change and advocates the greater use of SUDS as a means to reducing this. By mimicking natural drainage patterns, SUDS can attenuate surface water run-off and so reduce flood risk, improve water quality and encouraging recharge of groundwater. They protect water quality by trapping and breaking down pollutants, provide amenity and wildlife enhancements, sink and store carbon and provide cooling from open water surfaces.

SUDS can be designed to function in most urban settings. The variety of design options including permeable surfaces, filter strips and swales, basins and ponds allows consideration of local land use and the needs of local people when undertaking design. SUDS can be used not only to reduce flood risk but also to store water during wetter winters and provide it during drier summer months. 

A study in Leeds investigated the use of SUDS to reduce flood risk and determined that their use would result in a 68% reduction in storm water volume. As well as the hydrological impacts the costs for a range of conventional and SUDS systems were investigated. The SUDS based options were cheaper than each of the three conventional proposals by between 10 and 25%. Where SUDS can be designed in at the first stage of a new development costs can be substantially reduced - at the Ravenswood development in Ipswich, using SUDS meant a £600,000 saving in construction costs.

A SUDS system should not cost more than a traditional system, but can reduce flood risk, provide water during summer droughts, and cool the surrounding area through evaporation. 
Green roofs
There are a range of options for green roofs; lightweight extensive roofs with thin soil layers and low growing drought tolerant plants, through to heavier intensive systems with larger amounts of soil, shrubs, herbaceous plants and even recreational access.
Conventional roofing surfaces absorb sunlight and radiate it back to the atmosphere during the night, exacerbating the urban heat island. As summer temperatures rise due to climate change and more intense urban heat island effect episodes are experienced, building temperatures will be come more uncomfortable and demand for air-conditioning will increase. 

The evaporation and evapotranspiration from a green roof cools the air around the building and reduces heat island effects. A Chicago study showed that the temperature on a conventional roof was 28°C higher than that on a green roof. Furthermore the thermal insulation the vegetation provides reduces the need for air conditioning. A study in Toronto identified 50 million m2 of roof space that could be greened and it was estimated that the effect of planting this would lead to 2°C decrease in the urban heat island effect and consequent citywide energy savings of 12 million Canadian dollars. 
Information for a building in Canary Wharf, suggests that their 850m2 retrofitted green roof has achieved annual savings of 11.46 tonnes of co2 emission and upto £5,000 per year in electricity.

A study at Nottingham Trent University showed green roofs protect the waterproof membrane of the roof the effects of UV, frost and sunlight, twice as well as conventional roofs meaning that re-felting and repairs will be needed less frequently.

Green Roofs can also be considered as SUDS, and by controlling rainfall at its source can provide a pivotal role in flood management, reducing the amount of surface runoff and easing demand on sewerage systems. This is particularly important in dense urban areas where space for surface level SUDS such as ponds and wetlands will be limited. It is also an important consideration when looking at the cost implications of installing a green roof as the reduction in drainage infrastructure should be taken into account. In Germany it has been demonstrated that between 40-100 per cent of rainfall can be retained – dependent upon the season.  

Green roofs retain and treat contaminants that are introduced to the surface either as dust or suspended/dissolved in rainwater. A London Ecology Unit publication stated that 95 per cent of heavy metals are removed from runoff by green roofs, nitrogen levels are reduced, and carbon dioxide sequestered.
Green walls
There are several types of green walls, from planted walls which can require intensive feeding and irrigation systems, to hanging systems, to the simplest ground level planting of climbing plants supported by trellis or wires. 

Green walls can significantly reduce the external temperature of a building, both by providing shading from the sun and the evapotranspiration effects of the vegetation, they also act to insulate buildings. Certain types of wall vegetation can reduce wall wetting and therefore reduce the amount of cooling through evaporation at the wall’s surface, which would otherwise result in energy loss through the building fabric. Temperature fluctuations at the wall surface can be reduced from between 10°C and 60°C to between 5°C and 30°C. 

They can help reduce urban heat island effect through the interception of both light and heat radiation which would otherwise be largely absorbed and converted to heat by the building surfaces and then radiated back into the surrounding streetscape. 

Green walls play some role in intercepting and temporarily holding water during rainstorms, in the way that green roofs do. They also trap dust, absorb carbon dioxide and filter out harmful pollutants in the atmosphere, as well as helping tackle noise pollution both inside and outside of buildings.
Contrary to some belief, climbers on buildings can actually help to protect the surface of the building from damage, shielding from driving rainfall and hail, as well as ultra-violet light, an important consideration given some modern cladding materials. Indeed English Heritage has recently u-turned on their policy of automatic ivy removal from heritage buildings following a study completed by Oxford University. Walls where ivy was growing were less prone to the damaging effects of freezing temperatures, temperature fluctuations, pollution and salts than exposed walls.

Green walls are very easy to retrofit into existing developments a simple set up of large planters at ground level with supporting wires or trellis is all that’s needed, when you consider that they protect building structures, moderate internal and external temperatures, reduce heating demand by up to 25 per cent, absorb flood water and airborne pollutants, that’s remarkable value for money!

Other green infrastructure

I’m considering urban planting, to be anything that I haven’t talked about so far, so parks, green corridors, street trees etc. 
Private gardens shouldn’t be forgotten as an important element of GI, though these are harder to directly influence. Several excellent advocacy programmes already exist, such as Natural England’s Big Wildlife Garden and the RSPB’s Homes for wildlife which aim to promote more natural gardens, using native species, making space for ponds and indirectly create gardens that are both climate proof, but also aid adaptation in the wider area. Indeed the Minister for Decentralisation, Greg Clark just last week recognized their importance and unveiled plans to give councils new powers to stop ‘garden grabbing' by taking gardens out of the brownfield category, thus preserving the existing green spaces within development. 

Urban planting can reduce the heat island effect, by providing shade from trees and cool the air through evapotranspiration. A London study found temperatures to be, on average, 3oC cooler in a park than on neighbouring streets over a 12 hour period. Work in Greater Manchester found that the surface area of urban woodland was 12.8oC cooler than the town centre. Even small spaces can have a cooling effect - parks only 1 or 2 hectares have been found to be 2oC cooler than surrounding areas, now one hectare is about the size of Trafalgar Square, not so big really, though I’m not entirely convinced laying turf on concrete is the way to go about it!

A study from California showed that shade from street trees reduced pavement deterioration and was projected to save $8/m2 annually after covering the upfront costs of planting, in repairs compared to the unshaded street. 

Urban green spaces also absorb rainwater and reduce the risk of flash flooding. Modelling based on Greater Manchester suggested that increasing green cover by 10 per cent in residential areas reduces runoff from these areas by 5% in the highest rainfall scenarios predicted in the 2080s.  
All plants trap carbon dioxide so urban planting actually provides mitigation climate change. In the US Project EverGreen reported that within one year an acre of trees can absorb enough carbon dioxide to equal the amount produced by driving a car 11,000 miles. 
As you can see there are hundreds of potential ways that green infrastructure can be used to mitigate and adapt to climate change. To maximise gains combinations of the techniques are likely to be needed, one study suggested that by utilising both green roofs and green walls an 84 per cent reduction in cooling demands could be achieved. 

It should also be remembered that good GI provision also mitigates against climate change by improving walking and cycling links and reducing the need for car useage.

What next?
There is a range of legislation aimed at mitigating for and adapting to Climate Change impacts in the UK, mostly originating from the 2008 Climate Change act. 

There are however uncertainties about how we can deliver against some of these targets, as I mentioned at the very beginning, 80% of the housing that will exist by 2050, when we’re meant to have cut emissions by 80%, have already been built.

Typically, an existing home gives off more than double the carbon emissions (and has twice the fuel costs) of a new house, but in order to achieve the aim of reducing emissions by 60 per cent ahead of 2050, 450,000 existing homes would have to be refurbished each year at a cost of approximately £13.5 billion annually. 
Energy expert Paul Ruyssevelt recently commented in the Green Building Press “That £13.5 billion figure is not affordable in present terms. We need to refine the solutions to make them more affordable". I believe some of the measures I’ve suggested today demonstrate value for money and need to be considered more seriously as affordable solutions to climate mitigation and adaptation. 
One thing that is for certain plants and trees need time to mature and reach full effectiveness, so these techniques need to be considered now.

Further information

I’m afraid to say there isn’t one concise source of information to direct you to for more information about GI and climate change. 

There are several reports I do however recommend. The Climate Change Adaptation By Design guide is a little dated but still a key piece of literature covering a good range of technical and natural options for climate adaptation. The eco-towns green infrastructure worksheet provides useful information about the importance of GI and touches on climate issues for any new development, not just eco-towns. Both of these publications are available to download for free at Town and Country Planning Associations website. 

There is a very good report called 'Critical Climate change Functions of Green Infrastructure for Sustainable Economic Development in the Northwest' available from http://www.greeninfrastructurenw.co.uk. The report maps issues such as flood risk, social vulnerability, ecological networks and so on, identifies the additional risks of climate change and then suggests the role GI may have in tackling some of these risks. It’s very geographically specific to the North West but has lots of generic lessons within in.

CABE’s Grey to Green campaign argues that a shift is needed in public spending from grey projects, like road building and heavy engineering projects, to green schemes, like street trees, parks, green roofs and waterways. It suggests that a shift in spending from grey to green of just 0.5 per cent could increase investment in urban green space by 141 per cent! Information is available on their website.
