Interpreting a CITYgreen Report

A City Green reports consists of three major sections
1. Site Statistics:  This section describes the study site in terms of area and how the land is being used.  
2. Ecological Benefits:  This section describes the environmental benefits of trees in the study site and places a dollar value on those benefits.

3. Economic Value:  This section summarizes the value of the tree cover in the study site. 
Site Statistics Section
In Figure 1, the study site is 8.12 acres and is 41% covered with impervious surfaces such as roads, parking lots, buildings.  The site is also has 7% covered with trees and 56% of the site is classified as urban land use.  Urban Land use means residential housing, sidewalks, grass, soils, and buildings.
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Figure 1:  Site Statistics for an 8.12 acre study site centered on Brighton High School in Boston Massachusetts with 139 mature Norway Maple Trees.
Ecological Benefits Statistics Section
CITYgreen calculates the ecological benefits of tree cover along four categories:
1. Air Quality: This section describes how many pollutants are removed from the air by trees

2. Carbon Storage and Sequestration: The section describes how much carbon is stored by trees and how much carbon per year the trees in the study remove.

3. Residential Cooling Effects: This section describes how much energy is saved by reducing energy usage.

4. Storm water Control: This section describes how much storm water trees absorb and prevents running on the watershed.
In Figure 2 below we see that the 139 Norway Maple trees remove 17 lbs of Ozone, 5 lbs of Sulfur Dioxide, 10 lbs of Nitrogen Dioxide, 13 lbs of Particulate Matter, and 2 lbs of Carbon Monoxide. Figure 2 also shows that the total savings from the trees is $113.
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Figure 2: Ecological benefits for an 8.12 acre study site centered on Brighton High School in Boston Massachusetts with 139 mature Norway Maple Trees.

Air Quality report from CITYgreen

Trees provide a large leaf surface onto which particles are deposited and gases removed. Pollution is removed by nearly all parts of a tree; the soil, roots, and vegetative portions (leaves, stems and bark) of urban forest ecosystems all function as sinks for atmospheric pollution.

Trees “breathe”, or respirate, and exchange gases similar to the way humans do, yet the methods and results are quite different. Trees intake gases through stomates, or holes, on their leaves; these gases include those necessary for the tree’s functioning as well as other gaseous air pollutants. Once inside the leaf, gases diffuse into the spaces between the cells of the leaf to be absorbed by water films or chemically altered by plant tissues. 
Trees also reduce air pollution by intercepting airborne particles and retaining them on the leaf surface, called dry deposition. Some can be absorbed by the leaf surface itself, although most remain on the plant surface. In fact, Leaf surfaces are most efficient at removing pollutants that are water soluble including sulfur dioxide, nitrogen dioxide and ozone.

The report that is generated by CITYgreen models the reduction of five pollutants that trees can remove from the atmosphere. These five pollutants are modeled because they have significant impact on not only the air but also on human, plant, and animal health. The following table summarizes the health impact of the pollutants that CITYgreen models. 
	Pollutant
	Health Effects

	Ozone (O3)
	Ozone is a highly reactive gas that is formed near the ground when the temperature rises. Exposure to high levels of ozone can impair the function of lungs and may induce respiratory symptoms in individuals with asthma or emphysema that can reduce immune system capacity and irritate the eyes and throat.

	Particulate Matter
	These are particles that are very small – usually less than 10 microns in size. Unfortunately, particles that are this small cannot be filtered by the nose and the lungs. As a result they can inhibit lung function and aggravate respiratory conditions like asthma. Such particles have also been linked to an increased long-term risk of cancer.

	Sulfur Dioxide (SO2)
	SO2 is one of the primary constituents of smog. Children and adults with asthma are very vulnerable to SO2. Exposure to SO2 can cause wheezing, chest tightness, and shortness of breath. At high levels of exposure these symptoms appear in people who do not have asthma. Prolonged exposure can lead to respiratory problems. 

	Nitrogen Dioxide (NO2) 
	NO2 is a precursor to ozone formation.  NO2 + high temperatures can lead to increased ground level ozone.  NO2 exposure also leads to respiratory problems and can cause permanent structural changes in the lungs of humans and animals.

	Carbon Monoxide (CO)
	CO is a colorless and odorless gas that is primarily produced by the burning of fossil fuels.   Carbon monoxide is dangerous because it chemically binds to hemoglobin, the substance in the blood that carries oxygen to the cells. When CO binds to hemoglobin it keeps oxygen from reaching the body’s organs and tissues. People with cardiovascular disease are most at risk from CO but healthy individuals can also be affected.  


Trees are also responsible for reducing summertime high temperatures, and therefore slowing the rates at which many air pollutants are formed and volatized. Reduction of air temperatures in summertime help to reduce pollution in three ways:

1. By reducing chemical reaction rates in the atmosphere that result in ozone formation. Lower temperatures reduce ozone-precursor emission rates, thus influencing ozone formation.

2. By decreasing temperature-dependent emissions of hydrocarbons from both natural and manmade sources.
3. By decreasing emissions of pollutants from electric power plants due to reduced air conditioning demands

How does CITYgreen determine the dollar value?
The dollar values associated with the removal the five air pollutants are based on the amount of each pollutant for your area.  Note that in your CITYgreen report (under the heading Air Pollution Removal) the Air Quality Reference City location is listed as Boston. CITYgreen uses standard air-quality values for the Boston area that have been determined by state and governmental agencies such as the Environmental Protection Agency. 

To put a dollar value on removing existing pollutants CITYgreen:

1. Calculates the cost of physically removing the pollutants by using industrial scrubbers as a form of emission control.  

2. The impact of poor air quality on long-term heath care costs that result when individuals breathe polluted air. 

In fact, did you know that the environmental protection agency estimates that 60,000 people die annually in the United States from the effects of particulate pollution?
Carbon Storage and Sequestration

Carbon is the major component of all life here on Earth. Trees use carbon as a building material with which to form trunks, roots, stems, and branches.  Trees remove (sequester) carbon from the atmosphere through a process of photosynthesis, extracting carbon dioxide (CO2) from the air, separating out the carbon atom from the oxygen atoms and returning the oxygen to the atmosphere. In do so, trees store a tremendous amount of carbon. In fact, most trees are 45% carbon, 50% water, and 5% minerals. 

During your data collection you collected information about tree canopy, height, and trunk diameter.  Using these three variables CITYgreen calculates how much carbon is stored in each tree. 

It is important to know that CITYgreen disregards species when determining carbon storage and sequestration and bases the value on how old the tree sample is.  CITYgreen classifies trees into three categories:

1. Type 1 trees:  Young trees (most likely small diameters)

2. Type 2 trees:  Moderate age population 10-20 years old

3. Type 3 trees: Even distribution of all age classes: The sample contains a variety of tree ages

Each type is then assigned a value on how much carbon is stored and sequestrated.  TYPE 1 trees sequester the least and store the least carbon while TYPE 3 trees store and sequester the most carbon. 
The CITYgreen carbon model does not place an economic value upon the storage or sequestration rate of carbon. The benefits of carbon sequestration and storage are very important in the fight against global warming since increased carbon dioxide in the atmosphere is causing the planet to get warmer. 
Trees can provide significant benefit in removing carbon from the atmosphere. For example, the average car gets about 22 miles per gallon of gasoline. Each gallon of gasoline burned produces about 20 lbs of carbon dioxide of 5 lbs of pure carbon.  

If the average American drives a car 12,000 miles a year they produce 13,500 lbs of carbon dioxide per year or 2700 lbs of pure carbon per year.  So the trees in the study site around Brighton High School are the same as taking 8 cars off the road for one year! 

You can find out how much carbon you produce at the EPA’s website:

http://yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCenterToolsGHGCalculator.html
Storm Water Runoff Savings
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Trees and other vegetation not only provide a method of reducing stormwater runoff volume, but also are responsible for removing pollutants from the water.  
Trees in urban areas can protect water quality by substantially reducing the amount of runoff and slowing down the flow of water into storm sewers. For example, trees filter and absorb water reducing the peak flow of water (the maximum of water flowing) that would otherwise occur if there were no trees (see figure to the right). 

Trees can reduce stormwater runoff on site can reduce runoff and pollutant amounts by 20% - 60%.  Further, trees’ extensive fibrous root systems also hold soil in place, reducing further impacts on water quality due to erosion.

CITYgreen uses formulas and procedures from a scientific model to calculate the volume of stormwater retained by the trees and vegetation on site and the time of concentration (TOC) increase and peak flow reduction during a 2-inch 24-hour storm event.  This means simply means what the maximum amount of water that would flow into sewers and the watershed if it rained 2 inches in 24 hours. CITYgreen then uses the following the information that you have provided:

· The percentage of general land covers such as tree canopy, grass,  shrubs, and impervious surfaces on each site

· Perviousness (or permeability) of the soil (provided once we have identified the projection of the site)

· Slope of site (provided once we have identified the projection of the site)

· Amount of precipitation in specific storm event (We use an average amount for the Boston area)

Putting a dollar value on the reduced volume of stormwater is difficult, as there are several factors that help determine the value in preventing a cubic foot of stormwater from running off. Trees, shrubs and grass can all help to reduce the size of constructed stormwater detention areas. That is, trees allow cities to build smaller storm water treatment facilities which can save significant amounts of tax payer dollars.

Energy Savings: Cooling Effects
Trees can play a significant role in reducing energy demands. They provide shade to buildings and windows in summer, directly reducing the need for energy-intensive air conditioning. They also help to reduce the effects of urban heat islands. Perhaps more importantly, trees reduce power plant emissions and help moderate consumer costs by decreasing the overall demand for power.

The CITYgreen model for calculating energy savings is designed to determine only the savings provided by trees in residential areas with buildings having a maximum of two stories.

Since trees are most effective at reducing energy use when located on the sides of a home receiving the most solar exposure, CITYgreen’s energy model also determines whether each tree’s placement is appropriate to provide shade to the site’s buildings.

The CITYgreen model assigns an energy rating of 0-5 (where 0 equals no savings and 5 equals maximum savings) to each tree based on the following criteria:
· Distance from residential building structure (a tree has to be within 25 feet and over 45 feet tall to adequately shade a building)
· Location relative to the building (Is the tree on the north or south side of the building? Trees on the south side of the building provide more shade during the summer months)
· Height and canopy spread of the tree (more canopy means more shade)
· Cost of electricity in your area (in our case Boston)
Once energy ratings have been assigned to each tree, the regional cooling cost associated with running an air conditioner during the summer is used to calculate the monetary and Kilowatt (kWh) savings provided by tree shade.

Using CITYgreen’s avoided carbon model, the volume of carbon that your trees prevent from being released into the atmosphere is also calculated. By directly reducing summer cooling demands, urban trees actually help to avoid the release of more CO2 into the atmosphere during the energy generation process. This prevention of carbon release is commonly referred to as avoided carbon (in your report this is the Carbon Generation Avoided); in most cases, the volume of avoided carbon is several times that of the volume of carbon stored and sequestered by the same trees.

