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The Potential of Green Infrastructure to Mitigate Climate Change
Climate change mitigation relates to the reduction of greenhouse gas emissions. For this purpose cities have a series of potentials, for example, by reducing energy consumption rates, exchanging non-renewable by renewable energy sources, and densifying cities so the need for transportation is reduced. As an example, Melbourne, Australia, aims to be CO2 neutral by 2020 [91]. Many other cities throughout the world are currently launching initiatives to reduce CO2 emissions and to promote a more climate-friendly development.
To some extent, green infrastructure can mitigate greenhouse gas emissions, either by directly capturing and storing CO2 or by reducing energy consumption of nearby buildings. It should be stressed, however, that the literature is sparse and that the mitigation potential of urban green infrastructure is not well documented. The chapter heavily, but not solely draws on Nowak [42], where the potential of urban trees to modify the urban environment has been reviewed.
CO2 Sequestration and Storage
Trees and other types of vegetation take up CO2 when they grow. A large, old tree can store about 3 t of carbon in the stem, branches, and roots [42]. This corresponds roughly to the amount of CO2 emitted from driving 18,000 km in a medium-sized car (based on the assumption that a car emits on average 164 gCO2/km) [92]. As such, the uptake in urban trees is very modest compared to the total CO2 emission deriving from a city. For Chicago, it was estimated that the yearly sequestration of CO2 in all the urban trees totaled approximately 140,000 t, corresponding to the CO2 emissions of all car-based traffic from 1 week [42]. Further, the improvement is only permanent if the trees, when cut or dead, are replaced by new plantings and the dead biomass is used to replace fossil fuel. Simple decay will release the entire amount of stored CO2 back into the atmosphere. In the balance of biomass CO2 sequestration, the emissions of CO2 from decay processes should also be subtracted.
Increasing the amount of green in a city will only marginally meet the mitigation challenge. The main task is still to reduce greenhouse gas emissions. Still, it can be reasonable to include urban trees in a climate plan and as part of the citywide CO2 strategy as it might serve as part of a city-branding strategy. New York City has launched the “Million Trees Programme” to increase the amount of trees in the city by 20% as a means of carbon sequestration. At present, the urban trees in New York take up 42,000 t of carbon every year and stores a total of 1.35 million t of carbon [93].
Large tree size, longevity, and high growth rates are factors that have a positive influence on trees capacity to sequester and store carbon. However, trees can only fulfill these functions when they are healthy and growing. In particular, street trees suffer from many stresses, and the average age of such trees has been estimated to be as short as 10–15 years in some cases [94, 95]. Moreover, recently planted trees often die due to bad site conditions and lack of or improper care [96]. Exact figures are rare but for instance, for Liverpool (UK) it was estimated that 39% of all newly planted street trees died within 5 years after establishment [97]. Yet, as a modeling study highlighted, street trees need to grow for at least 5–10 years before trees start to have a positive carbon balance because of the amount of carbon spent on their raising and management [98].
Urban trees are not the only way of greening the city. Lawns, shrubs, green roofs, and grass swales comprise some of the other options. Still, CO2 storage capacity varies a lot and is mostly dependent on biomass stored in trees. A study of four residential neighborhoods in Liverpool showed a variation in carbon storage from less than 1 t per hectare to 17 t per hectare, with corresponding annual carbon sequestration rates from close to zero to 130 kgCO2/ha [40].
CO2 sequestration and storage in vegetation has a potential as an “image” of sustainability, but the impact of mitigating climate change is very modest in actual figures. To obtain larger reductions in CO2 emission rates, urban greening can be used as a strategic tool to reduce energy demands, as presented below.
Reduction of Energy Demand for House Heating and Cooling
Hot weather in the summer period in presently temperate areas will increase the demand for air-conditioning in office buildings as well as in private houses. Yet, air-conditioning is energy demanding and expensive. Green infrastructure can potentially serve as a passive system, which can reduce energy demands for house heating and cooling.
Shading walls in summer time reduces the thermal load on buildings and hence the need for air-conditioning in warm climates. Trees should be best planted on the side where the afternoon sun hits the buildings (the southwestern side on the northern hemisphere). Deciduous trees are better than evergreen trees as the latter block the sun in winter when it warms up the building. Placing evergreen trees at the side of prevailing cold winds during wintertime can also shelter buildings and thus reduce energy loss [42]. These are significant factors in particular when insulation of buildings is not at high standards. For the homes in the US it was estimated that energy use in house can be 20–25% lower with an optimum planting of trees around them [99]. Yet, when badly placed, trees may even increase domestic energy consumption.
Other model calculations from the USA showed that 10% more tree cover can reduce energy consumption rates for cooling by 24% in Sacramento and 12% in Phoenix [100]. Most of the cooling energy savings were attributed to the effect of evapotranspiration and only 10% to the direct effect of shading and wind shielding. In the more northern city of Chicago, which has an 8 month heating season, an increase in the tree cover by 11% in an urban block would potentially reduce annual energy demands for house heating and cooling by up to 3.8% [101]. Here, the wind shielding effect was most important to reduce energy needs.
A field experiment in Sacramento where 16 trees were planted to the southeast and southwest of two houses and where indoor and outdoor temperatures, roof and wall surface temperatures, wind speed, and air-conditioning electricity use was measured during June–October resulted in an estimated cooling energy savings of 29% during the season for the two houses. Peak demand savings for the same houses were estimated to be 47% and 26%, respectively [102].
Roof and wall greening have the potential to decrease energy consumption of buildings for cooling buildings by improving insulation and reducing thermal loadings. In hot climates, reduced heat load during summertime is of significant importance. As an example, cooling load for a two-story nursery school building in Athens (Greece) was reduced by 6–49% during the summer for the whole building and by 12–87% for the top floor [103]. A study of an eight-story building in Madrid in Spain identified that a green roof reduced the building energy demand by 1% annually and 6% during the summer [104]. In a peak hot weather situation, the cooling load was reduced by 25% for the floor below the green roof. This indicates that green roofs have the greatest effect on energy consumption for buildings with a large roof area compared to the height of the wall, such as single-family houses, warehouses, and big box stores.
This way of reducing energy by tree planting, roof and wall greening has the spin-off of greening the city. However, potential conflicts with modern “green architecture” [105, 106] may also arise as, for instance, trees, wall and roof greening may be an obstacle for collecting solar energy by photovoltaics. This is certainly an important area for cooperation between architects and landscape architects to solve emerging conflicts and create synergies in the integrated design of the green infrastructure and green architecture.
Finally, vegetation, and in particular trees and shrubs have also the capacity to capture air pollutants [42]. More green may offset to some degree the potential increase of air pollution caused by intensification of the heat island. However, as with carbon sequestration, few data indicate that this effect will be quite limited [42]. Therefore, planting more trees and shrubs is not to be considered as an effective means solve the problem of emission of carbon dioxide and air pollutants.
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