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Introduction 

There is currently a rapid rate of urbanization taking place across the world. It is estimated that 

by the year 2050, 34 percent of the world’s population will be living in rural environments and 

66 percent will be living in urban environments (UN 2014).  

With urbanization comes an increase of industry, burning of fossil fuels, manmade infrastructure, 

and human-generated waste. These activities as well as other environmental changes that come 

with urbanization create a unique living space that can often be detrimental to human health 

(Bolund et al. 1999). For example, due to the increase of industry and automobile use, urban air 

carries more particulate pollution than rural air. The concentrated presence of particulate air 

pollution has been linked to respiratory problems (Gomez-Baggethun and Barton 2013). 

With the increasing rate of urbanization the ecosystem services provided by nature are needed 

more than ever. Ecosystem services provided by urban trees, such as mitigating air pollution, 

moderating urban microclimates, combating global warming, and improving urban hydrology are 

important in mitigating the environmental effects of urbanization (Armson et al. 2013, Beckett et 

al 1998, Bolund and Hunhammar 1999, Dwyer et al. 1991, Georgi et al. 2006, Gomez-

Baggethun and Barton 2013).  

This paper aims to explore the benefits of ecosystem services provided by trees in the urban 

environment, including street trees, parks, lawn trees in residential areas, as well as urban forests 

and woodlands. The cultural benefits of urban trees will also be described. 

 

Mitigating Air Pollution 

In comparison to rural air, the quality of urban air is diminished by pollutants in the atmosphere 

(Gomez-Baggethun and Barton 2013). The pollutants result from human processes that become 

concentrated and exacerbated as an effect of urbanization, primarily transportation, industry, 

domestic heating, and waste incineration (Gomez-Baggethun and Barton 2013). Urban air 

pollutants include ozone (O3), sulfur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide 

(CO), and particulate matter (Nowak et al. 2006).   
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In recent years, concerns about particulate air pollution have grown due to the negative effects 

they have on human health. Particulate matter has been shown to exacerbate illnesses affecting 

the cardiovascular and respiratory systems (Beckett et al. 1999). The majority of particulate 

matter found in the atmosphere has an aerodynamic diameter of less than 10 µm and is referred 

to as PM10 (Beckett et al. 1998). The classification of PM10 can be further broken down into two 

fractions, the coarse fraction and the fine fraction. The coarse fraction is any suspended particle 

with a diameter between 10 µm and 2.5 µm, the fine fraction is any suspended particle with a 

diameter less than 2.5 µm. Particles of the fine fraction are often referred to as PM2.5 (Beckett et 

al. 2000). Both the coarse and fine fraction of PM10 have been linked to negative health effects 

but it is the fine fraction that seems to have greater effects on human health. The smaller size of 

these particles allows them to migrate deeper into the lungs (Beckett et al. 2000). The 

concentrated presence of PM10 has been linked to increasing asthma morbidity and mortality 

(Beckett et al. 1998).  

 

Many studies have found that urban trees play a significant role in removing harmful air 

pollutants from the atmosphere (Beckett et al. 2000, Gomez-Baggethun and Barton 2013, 

McPherson 1992, and Nowak 2006). Trees remove pollutants through dry deposition, which 

occurs when particles or gasses land on a surface (Beckett et al. 1998). When gaseous pollutants 

land on the surfaces of trees as well as other vegetation, they can be absorbed into plant tissues 

through the stomata and assimilated into the inner leaf cells (Jim and Chen 2008). If there is a 

high concentration of pollutants this assimilation can sometimes damage the tree. These negative 

impacts are variable among species (Jim and Chen 2008). PM10 is removed from the atmosphere 

when particles land on and adhere to tree surfaces.  

The ability of trees to absorb these particles varies across species due to roughness of leaf 

surface, amount of leaf area, and the growing angles of leaves. A study of five tree species found 

that coniferous species capture more particles than broad leaf species. Coniferous species are 

additionally more productive in this sense because they retain their leaves in the winter, when 

particulate concentration is reportedly highest. In broad-leaf species, species with rough, hairy 

leaves are better able to remove particulate particles than those without (Beckett et al. 2000). Not 

only is species consideration important, but where urban trees are planted affects their 
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productivity in cleaning the air. Trees planted close to streets are able to better intercept 

particulate generated by car exhaust. However, if the tree canopy is too dense at the street level 

pollutants can be trapped at a level that increases exposure to humans (Morani et al. 2011). 

The ability of trees to remove air pollutants is an important and valuable ecosystem service. A 

study of the coterminous United States estimated that urban trees remove a total of 711,000 

metric tons of air pollution annually, with an estimated value of $3.8 billion (Nowak et al. 2006). 

The effectiveness of urban trees in mitigating air pollution has been recognized in countless 

cities across the globe. Cities in China especially, where air pollution is an epidemic, have turned 

to large-scale tree plantings as a way to combat air pollution (Jim and Chen 2008). 

 

Moderating Urban Microclimate 

An important urbanization phenomenon observed in cities due is the urban heat island (UHI) 

effect: air temperature in cities is higher than in surrounding rural areas. There are many causes 

of UHI including absorption of radiation by low albedo (solar reflectance) building materials, 

heat produced by cars and industry, and tall buildings reducing the escape of heat at night 

(Kleerekoper et al. 2012). Increased urban air temperature can produce uncomfortable living 

environments. Excessive heat can also pose as a serious health threat to residents. Healthy adults 

are able to efficiently deal with high levels of heat but young children and older seniors are more 

susceptible to heat stroke and heat exhaustion (Kovats and Hajat 2007). 

 

The presence of vegetation, particularly in parks and urban woodlands, helps cool cities and 

improve resident comfort. Trees are able to directly cool their surrounding environments in two 

ways: the first occurs when tree canopies intercept light radiation and leaves either absorb or 

reflect that energy, thus shading the area below the canopy. The second cooling mode occurs via 

evapotranspiration, a combined process of evaporation and transpiration. Evaporation is the loss 

of water from surfaces on the Earth to the air and transpiration is the loss of water vapor from 

inside plants through the stomata. Heat from the air evaporates water in these processes, cooling 

the surrounding environments (Georgi and Dimitrou 2006). There have been many studies of the 

cooling effects of urban parks and green spaces on microclimate (the climate of a small area that 

differs form the surrounding areas). Within one city there may be several microclimates, which 

has been illustrated by the park cooling island (PCI) phenomenon. The PCI is similar to UHI and 
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is a phenomenon in which areas around vegetated urban parks are reportedly cooler than those 

without vegetation. In a study in Lisbon, Portugal, air temperature in the park studied was 

reported to be 6.9° C cooler than surrounding areas during the summer months (Oliveria et al. 

2011).  This study was done on a relatively small urban park (95 x 61 m), supporting the notion 

that even small vegetated areas in urban areas are better than nothing. In another study of a larger 

park (~500 ha) in Mexico City, PCI was reported to be 2–3°C cooler. These effects reached 

beyond the park’s boundaries by about 2 km (Jauregui 1990).  

 

Not only do the cooling effects of trees benefit human health and comfort but they can also help 

decrease in the consumption of energy for air conditioning. Trees can cool buildings in the 

summer by direct and indirect means. Direct effects are due to the shading of buildings from 

solar radiation. Indirect effects come from evapotranspiration cooling air temperatures and by 

decreasing the entrance of outside air to the inside by reducing wind speeds (Akbari 2002). 

 

Global Climate Change 

Global climate change is one of the greatest environmental concerns facing our planet. The 

presence of greenhouse gasses—carbon dioxide, methane, nitrous oxide, chlorofluorocarbons 

and tropospheric ozone—in the atmosphere are believed to contribute to the rise in atmospheric 

temperatures by trapping certain wavelengths of radiation in the atmosphere instead of allowing 

them to be reflected back into space (Nowak and Crane 2002). The concentration of these gasses 

has increased with the rise of industrialization and urbanization (Jo 2002). Carbon dioxide is one 

of the most abundant greenhouse gasses. The majority of carbon dioxide in the atmosphere 

comes from the combustion of fossil fuels and deforestation.  

 

Trees play an important role in reducing the amount of carbon dioxide released into the 

atmosphere, an especially important role in urban settings where a highly concentrated level of 

fossil fuels are burnt (Nowak and Crane 2002). Trees reduce the amount of carbon dioxide in the 

atmosphere in two ways. The first is a direct effect of photosynthesis as trees (and all plants) take 

up carbon dioxide from the atmosphere to carry out photosynthesis. This carbon is either used for 

metabolic processes such as the Calvin cycle or stored as biomass allowing the plant to grow. In 

a study of carbon sequestration by urban trees in the coterminous United States it was reported 
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that urban trees store an estimated 700 billion kilograms of carbon. This storage was valued at 

about $14,300 million (Nowak and Crane 2002). The same study estimated that urban trees 

sequester about 22.8 million tC (tons of carbon) per year. This service has an estimated value of 

about $460 million per year (Nowak and Crane 2002).  

Trees also indirectly reduce the amount of carbon dioxide in the atmosphere by cooling 

buildings, and decreasing the amount of energy needed to cool buildings, thus reducing the 

amount of carbon dioxide produced by burning fossil fuels in energy plants (Akbari 2002). 

 

Improving Urban Hydrology 

The cycling of water in urban environments is vastly different than in undeveloped areas mainly 

due to the replacement of vegetated ground cover with impermeable surfaces and the vast pipe 

systems of urbanized areas. Underground pipe systems redirect large volumes of wastewater and 

stormwater away from infrastructure (Welty 2009). The combination of impermeable surfaces 

and underground pipe systems increases the volume and speed of stormwater runoff, the water 

from rain events that flows over the Earth’s surface rather than infiltrating into the soil. An 

increase in the runoff’s volume and speed can increase flooding, which can be both dangerous 

and costly for homeowners (Welty 2009). 

 

Urban trees improve the hydrology of cities by decreasing the rate of runoff. The presence of 

trees increases both the rate and volume of stormwater infiltration (Armson et al. 2013). Trees 

create channels in the soil by their root growth (Armson et al. 2013) and tree canopies intercept 

rain water, preventing it from reaching the ground. Instead of this water adding to the runoff 

volume, it is held on leaf surfaces to be evaporated back into the atmosphere (Armson et al. 

2013).  

 

A study in Dayton, Ohio fond that the existing tree canopy decreased potential runoff volume by 

seven percent. This study accounted for trees across the city including residential areas, office 

and commercial areas, as well as urban forests, parks, and open spaces (Sanders 1986). Street 

trees have been found to reduce runoff as well. They are important contributors to natural 

stormwater management because they are located in urban areas with the most impermeable 

surfaces; generally, street trees are completely surrounded by sidewalks and roads. A 
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Manchester, UK study of street trees reported that street trees can reduce runoff from asphalt by 

as much as 62 percent (Armson 2013). 

 

Cultural Benefits of Urban Woodlands 

In addition to the ecological benefits of trees, urban woodlands and public green spaces have a 

wide range of social benefits that impact a city’s quality of life and cultural environment. One of 

the most obvious benefits of urban woodlands and parks is recreation. Park access is important 

for urban quality of life. They are appealing places for urban dwellers to spend leisure time and 

escape the stresses of urban living (Ulrich et al. 1991, Dwyer et al. 1991). Park trees and 

vegetation also attract wildlife such as birds and butterflies that may also make parks more 

appealing and pleasing to visitors. Parks enhance the quality of urban life by promoting exercise 

providing bike trails, walking paths, and sports fields (Bolund and Hunhammar 1999).  

 

The psychological implications of green spaces are also important. The high concentration of 

people living in the city can create a stressful living environment. A study by Ulrich et al. (1991) 

found that people in a state of high stress, their stress levels were maintained when exposed to 

the urban environment but in natural environments there was a rapid decrease in stress level. A 

study aimed at the sociological benefits of trees found that Chicago area residents highly value 

access to urban trees for several different reasons including religious reasons and calming effects 

(Dwyer et al. 1991). The paper concluded that access to “every day nature” within city limits is 

crucial to the emotional well-being of urban residents (Dwyer.al 1991). These studies imply that 

the non-ecological services provided by urban woodland are essential to comfortable living in an 

urban setting.  

 

Conclusions 

Urban trees offer ecological, economic, and social benefits that improve urban living. The 

improvements to the quality of life that trees bring to urban living are countless and invaluable to 

the future development of sustainable cities.  

 

Although this paper divided these benefits into separate topics, everything in nature is connected. 

“When one tugs at a single thing in nature, he finds it attached to the rest of the world,” (John 
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Muir). In the case of urban woodlands, the benefits described above intermingle and magnify 

each other. For example, the cooling effects of trees reduce the consumption of fossil fuels, thus 

further reducing air pollution. Also, hydrology benefits means less soil is carried away by runoff 

and thus the visual appeal of recreational parks is maintained for visitors.  

 

In Columbia, the interconnected benefits of trees can be used to promote tree planting. These 

benefits only further increase the value and importance of planting, properly managing, and 

caring for urban trees.  
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pattern as affected by current land cover, its hydrologic pattern if all tree canopy were 

removed, and the hydrologic pattern if all exposed soil was replaced with tree coverage. A 

major finding was that the existing tree canopy of Daytona reduces runoff by seven percent 

and that by modestly increasing this tree canopy this runoff reduction benefit could be 

increased by nearly 12 percent. 

 

20. Ulrich, R.S., R.F. Simons, B.D. Losito, E. Fiorito, M.A. Miles and M. Zelson. “Stress 

Recovery During Exposure to Natural and Urban Environments.” Journal of Environmental 

Psychology 11(1991): 201-203.  

This study hypothesized that exposure to an unthreatening natural environment can have 

calming effects on a stressed individual. To test this hypothesis, the author subjected 120 

individuals to a stressful movie. Subjects were then exposed to videos of one of six different 

natural and urban settings. Physiological measures of stress were taken such as heart rate, 

muscle tension and skin conductance. There was physiological evidence that exposure to 

natural environments had a calming effect; such evidence was not present for the urban 

environment. 

 

21. United Nations. “World Urbanization Prospects The 2014 Revision: Highlights.” United 

Nations (2014)  

This U.N. report highlighted important growth patterns of the urban environment. The 

amount of people living in urban environments has been rapidly growing since 1950. The 

rate of urbanization is only expected to increase in the coming years. In 2014, when the 

report was published, it was estimated that about 54 percent of the world’s population lived 

in an urban environment. According to U.N. estimates, by the year 2050 about 2.5 billion 

people will be added to the world’s urban population, resulting in about 66 percent of the 

world’s population living in an urban environment.  
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22. Welty, Claire. “The Urban Water Budget” in The Water Environment (New York: Springer 

Science and Business Media, LLC 2009) 

This paper described water flow in the urban environment with concentration on runoff. Water 

flow in the urban environment is totally different than the ‘natural’ water flow in surrounding 

rural environments. Impermeable surfaces such as asphalt roads and concrete sidewalks prevent 

the infiltration of rainwater into the soil and increase both the volume and velocity of storm 

water runoff. To redirect runoff from heavily populated areas, pipes are installed in urban areas. 

Pipes are also used to redirect sewage water, which can be problematic if there are any cracks in 

the pipes.  
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To create the figure above, an image was sourced from www.123rf.com and altered in Adobe 

Illustrator. 
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