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executive summary
This report was developed through  American Forests’ Community ReLeaf program for 
the City of Oakland and local non-profits Sierra Club Tree Team (SCTT) and Urban Releaf. 
The assessment focuses on the environmental and socioeconomic benefits from urban 
tree canopy (UTC) among the seven council districts in Oakland. The primary goals of 
this assessment and report are to establish baseline data on the extent and function 
of the existing urban forest and provide a resource  to guide future community forest 
management and reforestation efforts.

This UTC assessment of Oakland was completed using high-resolution 2014 aerial 
imagery. The assessment resulted in a geographic information system (GIS) map layer 
that identifies the location and extent of existing tree canopy. Ecosystem benefits and 
functions provided by Oakland’s trees were quantified using i-Tree Vue and stormwater 
modeling equations. The results were explored in correlation with air quality, stormwater 
runoff  potential, and social and economic factors within each council district. A priority 
risk index explores each of these factors by council district and guides planting efforts to 
maximize benefits and minimize risk.

The assessment found that tree canopy covers 24.8% of the city’s 35,553 acres of land 
area, and impervious surfaces cover 51.5%. These figures exclude 14,358 acres of open 
water (San Francisco Bay) that fall within city limits. If all other vegetation and bare soil in 
the city were suitable for growing trees, Oakland’s maximum potential UTC tree canopy 
cover could reach 48.54% (Figure 1).

Figure 1. Summary of Oakland’s 2014 urban tree canopy and other land cover.
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The City of Oakland is divided into seven council districts with varying levels of canopy 
cover, impervious surface, and potential canopy cover. District 4, a mostly upland district 
that includes Joaquin Miller Park, has the highest canopy cover (47%) and the lowest 
impervious surface area (34%). District 3, which covers West Oakland and includes the 
Port of Oakland as well as some of Downtown Oakland, has the lowest canopy cover (6%) 
and the highest impervious surface area (79%). 

Tree canopy cover provides benefits to the entire community by removing pollutants and 
carbon from the air and reducing peak stormwater flows. The annual benefits Oakland 
received from its tree cover in 2014 are estimated to be approximately $15,546,195. Tree 
canopy in Oakland removed an estimated 874,286 pounds of pollutants and 62,218 tons of 
carbon from the air while slowing close to 1.2 billion gallons of stormwater from entering 
storm drains, creeks, and the San Francisco Bay. The benefits provided by Oakland’s urban 
forest have the potential to increase over time as existing trees mature and new trees are 
planted.

In addition to the environmental benefits, the UTC assessment explored the relationship 
of tree canopy cover to social and economic factors, including population density, income, 
poverty, and unemployment. Results showed that as canopy cover increases, so too does 
income. At the same time, population density, poverty, and unemployment rates fall. 
This report provides a risk index by council district for air quality, stormwater runoff, 
and socioeconomic factors. Each of these factors can be considered individually or in 
composite to develop targeted planting plans to improve conditions in under-treed council 
districts and neighborhoods.  

However, it is not enough to simply plant more trees to increase canopy cover and 
benefits. Planning and funding for tree care and management, public outreach, and 
education must complement planting efforts to increase the odds of success for new 
plantings and to ensure that the desired benefits are being realized through strategic 
urban forest management and partnerships. To make a difference, the City of Oakland, 
its residents, and its partners can support the urban forestry program by promoting the 
benefits that trees offer to the community, fulfilling routine maintenance for both public 
and private trees, and maximizing the space available for new trees. This guide offers 
a path to wise investments in urban forests as green infrastructure to meet multiple 
objectives.



American Forests Community ReLeaf — Oakland Urban Tree Canopy Assessment 7

introduction
Bounded by the San Francisco Bay, Oakland hosts the busiest port in northern California 
and is the third largest city in the Bay Area. With a Mediterranean climate, typified by 
warm, dry summers and cool, wet winters, the community is gaining national attention as 
a popular travel destination for its growing number of sophisticated restaurants, music 
venues, and nightlife.

Oakland has long experienced a number of socioeconomic challenges, including a high 
rate of poverty and crime. However, the dynamic of today’s city is changing, with a recent 
influx of residents from nearby Bay Area cities taking advantage of lower property values 
and a thriving cultural hub. Ensuring that benefits of the urban forest reach all populations 
is critical.

A number of nonprofit organizations 
are invested and committed to the well-
being of Oakland’s urban forest. In 2009, 
a partnership was formed between the 
City of Oakland and the local non-profit 
Sierra Club Tree Team (SCTT) to improve 
the city’s urban forest resources. Since 
January 2010, Oakland’s Tree Services 
section has referred persons and 
businesses to the SCTT for tree planting 
services. Over time, a collaborative 
arrangement has developed between 
the public agency and SCTT. As a result, 
the non-profit has been able to fulfill 
a majority of the referrals through the 
city’s Tree Services section and has 
planted more than 1,350 trees. 

Founded in 2009, the West Oakland Green Initiative (WOGI) is a non-profit successor to 
the environmental committee that was part of the West Oakland Project Area Committee 
(WOPAC), a citizen- and business-based group of people that focuses efforts on 
redevelopment programs in West Oakland. WOGI restricts its interests and work to the 
portion of Oakland south of the I-580 freeway and west of the I-980 freeway, comprising 
about 15% of the city. Volunteer efforts from this group have resulted in the planting of 
more than 950 trees since 2009.

Urban Releaf is another major voice for urban forest advocacy in Oakland. Since 1998 
Urban Releaf has planted and distributed over 16,000 trees in the cities of Oakland and 
Richmond. With a citywide focus, Urban Releaf concentrates efforts in neighborhoods that 
suffer from a disproportionately poor environmental quality of life. Through tree planting 
and maintenance, education, public policy and environmental justice, the organization 

Photograph 1.  Volunteers planting neighborhood 

street trees in Oakland.  
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seeks to decrease economic disparity and enhance impoverished neighborhoods. 

By virtue of their commitment and push for community growth, these organizations are 
helping more and more people understand that trees provide much more than traditional 
values of aesthetics and shade. From watershed protection to improving property values, 
trees provide numerous quantifiable environmental, economic, and health benefits. 
Properly placed trees can assist in cooling cities, reducing the urban heat-island effect, 
mitigating the impacts of climate change, and reducing the number of respiratory 
illnesses. Properly placed trees can also provide significant benefits for stormwater 
management. In short, an optimized tree canopy is a significant and valuable asset that 
addresses multiple community goals and priorities.

In spite of community-organized progress, Oakland’s urban forest continues to face 
significant challenges. The city’s Tree Section estimates that over 500 trees a year are 
lost as a result of age, disease, or injury. While nearly all of these trees are being replaced, 
it takes time for new trees to mature and replace the benefits of lost canopy. Moreover, 
the larger threats of climate change, drought, and invasive pests are challenging even 
the most well-established urban forests. To continue to enjoy the environmental benefits 
from its green resources, Oakland’s community must make the investments to properly 
care for its existing urban forest. Recognizing this need, Oakland is embarking on a 
process to collect and analyze meaningful data about the existing resource and to develop 
comprehensive strategies and collaborations to protect, enhance, and expand Oakland’s 
urban forest.

Purpose, scope, and methods

The intent of this project is to provide Oakland with valuable data that will support efforts 
to develop community goals, prioritize tree planting and other on-the-ground projects, 
and establish the importance of the community’s tree resources among its other assets. 
The assessment establishes tree canopy cover baseline information. It identifies and 
quantifies the current location and contribution of urban trees and examines tree canopy 
relationships to air quality, stormwater runoff, and socioeconomic factors. The UTC 
assessment and priority index maps will be especially valuable in the development of data-
backed strategies and plans for planting new trees and increasing canopy in underserved 
council districts and neighborhoods.
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This UTC assessment employed a well-established GIS-based process: first, a land cover 
extraction was completed using the 2014 National Agriculture Imagery Program (NAIP) 
photography. The extraction resulted in a community-wide map of tree canopy and other 
land cover, including impervious surface (e.g., roads, buildings, parking lots), pervious 
surface (bare soil, grass, and other low-lying vegetation, and open water). To ensure 
accuracy, a series of random plots were generated and manually inspected. i-Tree Canopy, 
a point-sample methodology, was then used to compare land cover results and quantify 
the benefits to air quality and carbon sequestration. The i-Tree Hydro Model was used 
to quantify the ecosystem benefits for stormwater runoff. The California Communities 
Environmental Health Screening Tool (CalEnviroScreen 2.0) provided critical data for the 
analysis and development of priority indices for air quality, stormwater, and socioeconomic 
risk factors. In addition, the assessment used a variety of data, tools, and analytical 
methodologies from various sources, including United States Department of Agriculture 
aerial imagery, U.S. Census data, remote sensing technology, locally supplied data, 
scientific studies, and previous canopy analyses. A detailed discussion of methodology is 
provided in Appendix A.

This report explores a small sample of the utility and value of the UTC assessment. The 
true value of this data lies in the GIS information and map layer developed from the 
assessment. This information becomes a vital part of the city’s GIS database and can be 
used in numerous ways and in conjunction with other data layers to explore the location 
and extent of existing canopy as well as correlations between canopy cover and other 
community concerns, including issues of health, mobility, transportation, sociology, 
economics, development, and gentrification. 
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benefits of the urban forest
The urban forest plays an important role in supporting 
and improving the quality of life in urban areas. 
The shade and social benefits that trees provide 
greatly enhance neighborhoods and the community. 
Interacting with nature is important for encouraging 
imagination and creativity, cognitive and intellectual 
development, and social relationships (Wolf and 
Flora 2010). When properly maintained, trees provide 
abundant environmental, economic, social, and health 
benefits far in excess of the time and money invested 
in planting, pruning, protection, and removal. 

•	 There is a strong tie between the presence, 
number, and location of trees and the amount 
of time inner-city residents spend outdoors in 
common spaces (Coley et al. 1997). Additionally, 
the more time residents spend outdoors, the 
stronger the network and greater sense of 
community they have with their neighbors (Kuo et 
al. 1998). 

•	 The greater presence of trees along streets and in parks and other green spaces 
increases adult supervision of children during outdoor activity positively influencing 
healthy childhood development leading to fewer delinquent behaviors (Kuo 2003). 

•	 Children in green spaces with trees were found to be more frequently engaged in play 
activities than other kinds of activities, and there was also increased creativity (Faber 
Taylor et al. 1998).

•	 When surrounded by trees, physical signs of personal stress, such as muscle tension 
and pulse rate, were measurably reduced within 3–4 minutes (Ulrich et al. 1991). 

•	 Employees who see nature from their desks experience 23% less sick time and 
report greater job satisfaction than those who do not (Wolf 1998b). Hospital 
patients recovering from surgery with a view of nature required fewer pain relievers, 
experienced fewer complications, and left the hospital sooner than similar patients who 
had a view of a brick wall (Ulrich 1984, 1986).

•	 Trees increase residential property values by an average of 7% when present in the yard 
or neighborhood. Commercial property rental rates were 7% higher when trees were on 
the property (Wolf 2007).

•	 On average, consumers will pay about 11% more for goods in landscaped areas, with 
this figure being as high as 50% for convenience goods (Wolf 1998a, Wolf 1999, and 
Wolf 2003).
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•	 The quality of landscaping along the routes leading to a business district had a positive 
influence on consumers’ perceptions of the area (Wolf 2000).

•	 The presence of trees in the urban landscape offers a variety of jobs at all skill and 
income levels (Casey Trees 2008). 

•	 Trees moderate temperatures in the summer and winter, saving on heating and cooling 
expenses (North Carolina State Univ. 2012, Heisler 1986).

•	 Trees act as mini-reservoirs, helping to slow and reduce the amount of stormwater 
runoff that reaches storm drains, rivers, and lakes. One mature tree crown can intercept 
about 1,000 gallons of rainfall per year (U.S. Forest Service 2003).

•	 Trees help reduce noise levels, cleanse atmospheric pollutants, produce oxygen, absorb 
carbon dioxide, and reduce ozone production (Nowak 1992).

•	 Trees can reduce street-level air pollution by up to 60% (Coder 1996). Lovasi et al. 
(2008) suggested that children who live on tree-lined streets have lower rates of 
asthma.

•	 Trees stabilize soil, enhance landscapes, provide habitat for wildlife, and provide easier 
access to environmental education opportunities (National Urban Forestry Unit 2005).
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urban tree canoPy in oakland
The City of Oakland encompasses 78 square miles (49,911 acres). Along with tree canopy, 
the assessment mapped and quantified five land cover classifications, including other 
vegetation, impervious surfaces, bare soils, and open water (Figure 2). Excluding 14,358 
acres of open water (San Francisco Bay and Lake Merritt) that fall within the city limits 
and which do not have the capacity to support tree canopy, the following essential 
information characterizes Oakland’s land cover: 

•	 35,553 acres of land area (excluding open water) fall within the city limits of Oakland.

•	 24.8% overall tree canopy, including trees and woody shrubs 

•	 51.5% impervious surface, including roads, buildings, and parking lots 

•	 20.6% grass and low-lying vegetation 

•	 3.1% bare soil 

While tree canopy varies across council districts and watersheds, Oakland’s overall 
average tree canopy cover of 24.8% compares favorably with other Bay Area cities (see 
Table 1).  

Table 1. Comparison of Tree Canopy in Several Bay Area Cities



American Forests Community ReLeaf — Oakland Urban Tree Canopy Assessment 13

COUNCIL
DISTRICT 4

COUNCIL
DISTRICT 3

COUNCIL
DISTRICT 5

COUNCIL
DISTRICT 7

COUNCIL
DISTRICT 1

COUNCIL
DISTRICT 6

COUNCIL
DISTRICT 2

¯

Oakland Hills

Oakland Airport

East Oakland (flatlands)

Lake Meritt
Downtown Oakland

Port of Oakland

San Francisco Bay

West Oakland (flatlands)

City of Piedmont

0 1.5 3

Miles

Land Cover Class
Tree Canopy

Impervious Surfaces

Grass/Low-Lying Vegetation

Bare Soil

Open Water

Figure 2. 2014 Land cover classification and council district boundaries in Oakland. 
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tree canopy by council district

Oakland is divided into seven council districts (Figure 3). Council districts are political 
divisions that determine City Council representation. Tree canopy can vary greatly 
between districts and may be attributable to geography, topography, land use, zoning, and 
a variety of demographic factors. 

Council District 4, which includes Joaquin Miller Park, has the highest average canopy 
cover (47%), followed by District 6 (35%), and District 1 (31%) (Table 2). Council District 
3, which includes the Port of Oakland, has the lowest average canopy cover (6%) and the 
greatest percentage of impervious surface (79%).

Table 2. Tree Canopy Results by Council District
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Figure 3. Canopy cover percent based on council district in Oakland.
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tree canopy by Zoning

Zoning and land use is a reflection of development patterns and the community’s plan for 
growth in specific areas. Canopy cover can vary significantly among different zoning areas. 
Parks and suburban residential areas typically have less impervious surface and are able to 
support a greater percent of tree canopy. Because they generally have a high proportion 
of impervious surface, industrial areas often have a lower percentage of tree canopy.

Oakland’s open space/park areas have the greatest average tree canopy (54%), and 
industrial areas have the lowest average tree canopy (<1%) (Table 3).

air quality and carbon
Poor air quality can cause detrimental health effects, from chronic lung diseases such as 
asthma to more serious infections, including lung cancer. Oakland has pockets of poor air 
quality throughout the city, with the highest concentrations in West Oakland. Residents 
who live in this area are twice as likely to go to the emergency room with asthma as 
people living in other nearby cities within Alameda County. The Port of Oakland, Oakland 
International Airport, and nearby freeways are primary factors contributing to poor air 
quality in these districts. Freeways are a major source of pollution, with areas adjacent to 
freeways being the most affected. Other sources of poor air quality include gas stations, 
parking lots, and recycling centers.

According to the Air Resources Board of California, West Oakland has not exceeded 
the state average eight-hour ozone concentration average limits of 0.070 parts per 
million (ppm) since 2010. There were three days, however, that exceeded the national 
particulate (PM2.5) average of 35 micrograms per cubic meter. Although ozone and 
PM2.5 concentrations were generally below national and state averages, concentration 
levels during these years still impacted those with respiratory and heart disease. Recent 
studies have shown a strong correlation between total tree canopy and reduced rates 
of pulmonary and cardiovascular disease. Since 2009, stricter air quality standards have 
contributed to a drop in diesel emissions around the Port. 

Table 3. Tree Canopy Results by Zoning
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Tree canopy can have a significant impact on the amount of pollutants that are removed 
and filtered from the air in five fundamental ways:

•	 Reduce particulate matter like dust, ash, pollen, smoke, and exhaust by holding 
particles in the tree canopy where they are eventually washed to the ground. Scientists 
are finding that some trees may absorb more volatile organic compounds (VOC’s) than 
previously thought (Karl et al. 2010; Berkowitz 2010). VOC’s are a class of carbon-based 
particles emitted from vehicle exhaust, lawnmowers, and other human activities.

•	 Absorb gaseous pollutants like ozone (O3), nitrogen dioxide (NO2), and sulfur dioxide 
(SO2).

•	 Shade and transpiration reduce the formation of ozone (O3), which is created during 
higher temperatures.

•	 Increasing oxygen levels through photosynthesis.

•	 Reducing power plant emissions by reducing energy demands

annual air quality benefits from tree canopy in oakland

Each year, Oakland’s urban forest removes approximately 437 tons of pollutants from the 
air (Table 4), including:

•	 7.2 tons of carbon monoxide (CO)

•	 11.1 tons of sulfur dioxide (SO2)

•	 65.3 tons of nitrogen dioxide (NO2)

•	 113.9 tons of particulate matter (PM10)

•	 239.7 tons of ozone (O3)

The annual value of these benefits to the community is more than $2.5 million, according 
to i-Tree canopy model that uses the BenMAP model, which estimates the frequency of 
health and monetary values that result from air pollution.

Nearly 30% of all air quality benefits come from Council District 4 (Figure 4). This district 
has the highest overall canopy cover (47%) and includes Joaquin Miller Park, which 
encompasses 390 acres of land with 360 acres of tree canopy and a canopy cover of 92%.
The urban forest in Council District 7 is providing roughly 20% of the overall air quality 
benefits. While District 7 has only 18% overall tree canopy and includes the Oakland 
International Airport, it is also the largest council district in terms of land area (9,357 
acres) and contains a number of large parks with significant canopy cover, including 
Anthony Chabot Regional Park (75% canopy cover) and Knowland Park (51% canopy 
cover).
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Council District 5, which has an overall canopy cover of 12%, produces the least amount of 
air quality benefits (<4% of the overall).

In addition to the air pollutants listed above, trees and urban forests reduce CO2 in the 
atmosphere through growth and sequestration of CO2 into woody and foliar biomass.
To date, Oakland’s urban forest has stored (sequestered) 1,229,963 tons of CO2, valued at 
more than $22 million. Each year, this resource continues to sequester an additional 62,218 
tons of CO2, for an annual benefit of more than $1.1 million (Table 4).

Table 4. Annual Air Quality and Carbon Benefits from Oakland’s Urban Tree Canopy

 

 13 July 2015 

Table 4. Annual Air Quality and Carbon Benefits from Oakland’s Urban Tree Canopy 
 

 Air Quality Atmospheric Carbon 
Dioxide 

Total   
Value (S) 

 

Land Acres 

 CO NO2 O3 SO2 PM10 Air Quality Total CO2 

Council District 
Canopy 

% Unit (lb) Value ($) Unit (lb) Value ($) Unit (lb) Value ($) Unit (lb) Value ($) Unit (lb) Value ($) Unit (lb) Value ($) Unit 
(tons) Value ($) 

Council District 1 5,601.57 31.36 2,954 $1,777 26,433 $13,412 97,775 $362,329 4,519 $881 45,172 $127,995 176,853 $506,395 12,672 $222,606 $729,000 

Council District 2 2,420.73 17.73 668 $444 6,000 $3,350 22,160 $90,513 1,024 $220 10,240 $31,975 40,092 $126,502 2,872 $55,609 $182,111 

Council District 3 5,192.57 6.49 536 $356 4,800 $2,689 17,780 $72,635 821 $177 8,220 $25,659 32,158 $101,516 2,305 $44,625 $146,141 

Council District 4 5,449.59 47.43 4,299 $2,585 38,470 $19,511 141,558 $527,082 6,569 $1,282 65,719 $186,196 256,615 $736,655 18,435 $323,826 $1,060,482 

Council District 5 2,599.14 11.97 479 $318 5,511 $2,401 17,504 $64,856 733 $158 14,043 $22,911 38,270 $90,644 2,268 $39,846 $130,490 

Council District 6 4,926.80 34.75 2,755 $1,656 24,647 $12,501 91,139 $337,719 4,210 $822 42,108 $119,302 164,859 $471,999 11,812 $207,486 $679,486 

Council District 7 9,356.61 18.11 2,760 $1,832 24,740 $13,830 91,460 $373,611 4,220 $909 42,260 $131,981 165,440 $522,162 11,854 $229,537 $751,700 

Total 35,546.91 24.80 14,451 $8,970 130,601 $67,693 479,376 $1,828,744 22,097 $4,449 227,762 $646,018 874,286 $2,555,873 62,218 $1,123,535 $3,633,598 
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Figure 4. Annual air pollution and carbon reduction by council districts in Oakland.
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air quality Priority by council district

The air quality analysis for Oakland considered data from the California Office of 
Environmental Health Hazard Assessment’s California Environmental Health Screening 
Tool (CalEnviroScreen v2.0). Intended to identify California communities with the greatest 
cumulative exposure to pollution, CalEnviroScreen provides data on 12 types of pollution 
and environmental factors and 7 population characteristics and socioeconomic factors to 
create scores for each of the state’s 8,000 census tracts.

Several factors of air quality were examined using data from CalEnviroScreen, including:

•	 Traffic density

•	 Asthma rate

•	 Particulate matter (PM2.5)

•	 Airborne toxic releases

•	 Diesel particulate matter

Data from each of Oakland’s census tracts were tabulated by council district to determine 
an average score and rank for each of the factors. Those five averaged scores were 
cumulated to produce a final aggregate score and priority index for each council district 
(Table 5 and Figure 5).

The index can be used to inform planning for tree planting efforts by council district that 
are intended to target and reduce key environmental issues. The data indicate that in 
general, Council District 7 and Council District 6 are the highest priority when all of the air 
quality factors examined are considered. District 7 is also indicated as the highest priority, 
or risk, for asthma, PM2.5, and airborne toxic releases. Council District 3, which includes 
the Port of Oakland, is the highest priority for traffic density and diesel particulate matter. 

Table 5. Air Quality Priority Index
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Figure 4. Air Quality Priority Based on Council Districts in Oakland
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stormwater
Trees and forests improve and protect the quality of surface waters, such as creeks, rivers, 
and the San Francisco Bay, by reducing the impacts of stormwater runoff through:

•	 Interception

•	 Increasing soil capacity and rate of infiltration

•	 Reducing soil erosion

Trees intercept rainfall in their canopy, which 
acts as a mini-reservoir (Xiao et al. 1998). During 
storm events, this interception reduces and 
slows runoff. In addition to catching stormwater, 
canopy interception reduces the impact of 
raindrops on bare soils. Root growth and 
decomposition increase the capacity and rate 
of soil infiltration by rainfall (McPherson et al. 
2002). Each of these processes greatly reduces 
the flow and volume of stormwater runoff, 
avoiding erosion and preventing sediments and 
other pollutants from entering streams, rivers, 
lakes, and the Bay.

Urban stormwater runoff is a major source of 
pollution for surface waters and riparian areas, 
threatening aquatic populations as well as other 
wildlife and human populations. Requirements for stormwater management are becoming 
more stringent and costly. Reducing runoff and incorporating urban trees in stormwater 
management planning carries the added benefit of reducing the cost of stormwater 
management, including the expense of constructing new facilities necessary to detain 
and control stormwater as well as the cost of treatment to remove sediment and other 
pollutants.

Oakland’s storm drainage infrastructure was constructed between 60 and 70 years ago. 
Since then, there has been little upgrade to the system. The majority of the system is 
deteriorating and has long suffered from a lack of resources to keep up with necessary 
improvements.

Oakland’s tree canopy provides significant stormwater benefits that support the city’s 
aging infrastructure; the city’s canopy reduces the amount of runoff and prevents 
additional flooding, erosion, and property damage. Without trees, cities would have to 
invest in significantly more stormwater infrastructure to manage the additional water flow 
that would otherwise be captured by trees.
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annual stormwater benefits from tree canopy in oakland

Oakland’s trees are intercepting nearly 1.2 billion gallons of stormwater annually, enough 
water to fill 1,800 Olympic-size swimming pools. This annual benefit is calculated to 
provide more than $11.8 million in infrastructure value.

Nearly 30% of all stormwater benefits come from Council District 4. This district has the 
highest overall canopy cover (47%) with only 34% impervious surface (Table 6).  

Council District 7, which has only 18% tree canopy cover, is providing close to 20% of the 
overall stormwater benefits. Encompassing 9,357 acres of land area, District 7 is the largest 
district and includes 1,695 acres of tree canopy, which accounts for nearly as many acres 
of tree canopy as Council District 1 (1,757 acres) and Council District 6 (1,712 acres).

Council District 5, which has an overall canopy cover of 12% and 68% impervious surface, is 
providing less than 4% of the overall stormwater benefits. 

stormwater runoff reduction Priority by council district

To identify where additional trees would provide the greatest benefits to stormwater 
management, we analyzed Oakland’s land cover data with environmental datasets 
including:

•	 Impervious Distance

•	 Slope

•	 Floodplain

•	 Soils

•	 K-Factor (potential for erosion)

Each dataset was classified based on a risk rating from 0–4, with 4 being the greatest risk 
of contributing to stormwater runoff; the variables were then weighted to produce the 
results of the grid. Finally, the grid was summarized using zonal statistics by all feature 

Table 6. Stormwater Benefits by Council District
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layers, each of which was individually assigned an average risk score. Council districts with 
the greatest risk score were classified as higher priority.

The priority rankings can be used to inform planning for tree planting efforts by council 
district that are intended to target and reduce stormwater runoff. Council Districts 5 and 
4 have the highest priority for reducing stormwater runoff, while Council Districts 3 and 7 
have the lowest priority (Table 7 and Figure 6).  

watershed tree canopy

In spite of outdated stormwater infrastructure, the City of Oakland is known as an 
environmental steward with its progressive implementation of various programs and 
projects that help control stormwater runoff while maintaining and conserving riparian 
areas. Recently, a Storm Drainage Master Plan was created to address flooding and 
other storm-related issues across Oakland’s watersheds. Oakland includes 17 primary 
watersheds, 15 main creeks, over 30 tributaries, Lake Merritt, and the Oakland Estuary. 
Creeks generally flow in a southwesterly direction from their headwaters in the Oakland/
Berkeley foothills, following steep natural channels through many short culverts at road 
crossings until they reach flatter, more developed areas. Most runoff eventually drains into 
Lake Merritt, the Oakland Estuary, and finally into the Bay.  

Oakland’s creeks and waterways enhance biodiversity, provide habitat, recharge 
groundwater, and reduce erosion. In addition to providing numerous functions to the 
ecological and hydrological environment, creeks and waterways provide recreational and 
aesthetic benefits to residents and visitors. The city recognizes that healthy watersheds 
and the natural resources they support are an important component of a healthy urban 
environment and have prioritized environmental protection of creeks and waterways. 
Oakland’s stormwater and watershed programs focus on: 

•	 Protecting and enhancing creek habitat and water quality

•	 Limiting water pollution caused by urban development and runoff

•	 Minimizing trash and illegal dumping in our waterways

•	 Educating residents and businesses about watershed impacts and pollution prevention

•	 Cultivating stewardship of our watershed resources through volunteerism  

Table 7. Stormwater Priority Index
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Figure 6. Stormwater priority based on council districts in Oakland.
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Trees naturally mitigate stormwater and improve water quality. Analyzing tree canopy 
at the watershed level can provide critical information about where additional trees 
can supplement stormwater management and reduce peak demands on overloaded 
infrastructure.

Oakland’s watershed data are incomplete on the southern boundary, near San Leandro 
and including the Oakland International Airport. However, we were able to analyze tree 
canopy within 17 primary watersheds, covering the majority of the community. Most 
watersheds fall across 2 or more council districts (Table 8 and Figure 7). The average tree 
canopy cover across all watersheds is 26.3%. Watershed 98, on the Northern tip of Council 
District 1, has the greatest canopy cover (54%). Watershed 99, which falls within Council 
District 3, has the lowest canopy cover (3%).  In general, tree canopy cover is higher in the 
Oakland Hills and lower in the flatlands of East Oakland. 

Table 8. Tree Canopy by Watershed Basin
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Figure 7. Tree canopy cover by watersheds in Oakland.
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socioeconomics and tree canoPy
Urban forest canopy cover is a complex matrix influenced by many factors. Canopy is both 
spatially and temporally variable, having changed over decades, sometimes gradually, and 
sometimes abruptly with weather, climate, disease, economic, and development events. 
Because so many variables influence the urban forest, identifying any one particular 
cause for the distribution and quality of the urban forest is not possible. Researchers have 
found some important correlations between community trees and socioeconomic factors. 
Understanding these trends can help urban forest managers prioritize tree planting 
in neighborhoods where the positive benefits of trees will most significantly impact 
socioeconomic factors. 

income disparity

Poverty and income inequality are major issues in Oakland today. The wealthiest 20% of 
households claim approximately 52% of the income in the city, while the poorest 20% of 
households claim only 3%. This disparity is increasing as time passes (East Bay Alliance 
for a Sustainable Economy 2007). One approach urban planners have taken to address 
income disparity is to increase the economic diversity of neighborhoods, including 
integrating low-cost and affordable housing units into higher priced new developments. 
Harnessing resources of the market, these types of development often include trees 
and vegetation in common areas to improve walkability and build a sense of community 
cohesion. Research has shown that urban green areas create a strong cohesion between 
community members. In neighborhoods with trees, people report significantly better 
relations with their neighbors (Sullivan and Kuo 1996). 
  
A 2012 study further demonstrated that with every 1% increase in per capita income, 
demand for forest cover increases as well. In contrast, demand decreases in areas 
where income has dropped by the same amount (Riley 2012). In economically diverse 
neighborhoods, resources to support tree planting and care are more readily available 
than in lower income communities, resulting in more canopy cover development over time. 
Some areas in Oakland reflect these findings. For instance, District 5, which has less than 
12% tree canopy, is ranked as the highest priority in terms of the poverty rate (Table 9). In 
contrast, District 4, which has more than 47% tree canopy, is ranked as the lowest priority 
for addressing the poverty rate. When managed effectively, increasing economic diversity 
within the poorest neighborhoods can benefit all residents (McGirr et al. 2014) and provide 
greater resources for the development of additional tree canopy. 

urban revitalization

As property values across the Bay Area rise and public transit systems grow, Oakland 
is increasingly viewed as a desirable place to live, although residents may work in 
another city. As a result, several areas that have housed lower income populations in 
recent decades have become attractive to wealthier residents, which in turn is driving 
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new development, remodeling, and an increase in stores and restaurants that cater to 
a wealthier clientele. This phenomenon, sometimes referred to as gentrification, can 
be controversial, raising concerns that previous residents may be displaced. However, 
leading economists, such as Brookings Senior Fellow Stuart Butler, assert that increasing 
economic diversity can revitalize neighborhoods and increase jobs, personal income, and 
the tax base, which provides support for vital city services (Butler 2015). A gentrification 
trend has been occurring in Oakland since the early 1990s and has recently intensified at a 
much higher rate (Governing 2013).

socioeconomic Priority by council district

Recognizing that trees and canopy cover are important factors in understanding and 
addressing income disparity and supporting urban renewal, the analysis examined 
tree canopy by council district in correlation with several socioeconomic factors. This 
information can help identify districts where additional trees may provide the greatest 
positive impacts for residents and neighborhoods. Using data from CalEnviroScreen 
and the U.S. census, we assessed five socioeconomic and demographic factors across 
Oakland’s council districts:

•	 Average income

•	 Average poverty rate

•	 Average unemployment rate

•	 Average population

•	 Age

Metrics for median income and population were acquired from census data while 
information on age, poverty, and unemployment rates relied on previous assessments 
from CalEnviroScreen. Ranking and data aggregation was completed using the same 
methodology as was used for the air quality priority index (Table 9).  

Many Oakland neighborhoods struggle with high poverty rates and unemployment. The 
index helps to identify which council districts are most impacted by socioeconomic risk 
factors (Figure 8). A number of studies have demonstrated a strong correlation between 
tree canopy and socioeconomic factors (Schwartz 2015; Troy et al. 2012). As with many 
large, densely populated cities, Oakland has neighborhoods significantly lacking in tree 
canopy. The data indicate that when all socioeconomic factors are considered, Council 
Districts 5 and 7 are the highest priority. District 5 is the highest priority for poverty rate 
while District 7 is the highest priority based on unemployment. District 5, which is located 
in the western region of the city, is one of the smallest districts in terms of land area 
(~3,000 acres), but ranks second highest in terms of population density. In areas with 
high population density, increasing tree canopy can produce greater benefits for larger 
numbers of people and provide a substantial positive influence on retail and business 
districts.   
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Table 9. Socioeconomic Priority Index
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Figure 8. Socioeconomic priority index based on council districts in Oakland.
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When socioeconomic factors are examined in conjunction with Oakland’s tree canopy 
cover, data show a correlation between greater tree canopy and lower poverty and 
unemployment rates. High canopy has a positive correlation with average income 
(Figure 9).

comPosite risk index
Considering each of the factors that were analyzed in Oakland’s tree canopy assessment 
(air quality, stormwater, and socioeconomics), a composite index identifies the overall 
priority based on council district (Table 10 and Figure10). To provide the greatest overall 
benefits for all of these factors, the data indicate that the city and its partners should 
focus attention on planting trees and increasing canopy in Council District 5. However, 
planning for future tree planting should also provide consideration for specific conditions 
at the neighborhood level for a more defined focus. The GIS map layers that were 
developed through the canopy assessment provide a more precise level of detail for 
examining existing conditions and risk factors at virtually any scale. 

Figure 9. Tree canopy correlations with poverty and unemployment rates in Oakland.
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Figure 9. Tree canopy correlations with poverty and unemployment rates in Oakland. 

When socioeconomic factors are examined in conjunction with Oakland’s tree canopy cover, data show a correlation between greater tree 
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Table 10. Composite Priority Index
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Figure 10. Composite Priority Planting Index by Council District.
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conclusion
Oakland’s urban forest is a vital community asset that provides numerous environmental 
and socioeconomic benefits. The assessment found that tree canopy covers nearly 25% of 
the city’s 35,553 acres of land area. In general, canopy cover is higher in the hills and lower 
in the flatlands. Impervious surfaces cover 51.5%. If all other vegetation and bare soil were 
made suitable for tree canopy, Oakland’s maximum potential UTC tree canopy is estimated 
to be roughly 49%. While this factor does not take into consideration all areas where trees 
may be unsuitable (e.g., sports fields, golf courses), it is also important to recognize that 
impervious surfaces and canopy cover can co-exist in many instances, and especially with 
appropriate design standards. Canopy that extends over hardscape features, including 
parking lots, streets, and structures can add to the overall amount of canopy cover 
and reduce the ratio between canopy cover and impervious surfaces. With continued 
partnership and collaboration between the city and its partners (e.g., SCTT and Urban 
ReLeaf), Oakland has an opportunity to protect and expand its urban forest resources.

The assessment considered existing tree canopy across Oakland’s seven council districts 
and quantified benefits and identified relationships with air quality, stormwater runoff 
reduction, and socioeconomic factors. The results were used to create individual and 
composite indexes that can help planners visualize where more trees and canopy can 
provide the greatest impact and reductions to risk factors. Notable findings from this 
analysis include: 

•	 Council District 4 has the highest canopy cover (47%). On an annual basis, trees in this 
district intercept the most stormwater (347,539,374 gallons) and sequester the most 
carbon (18,435 tons). District 4 also has the highest median household income. 

•	 Council District 3 has the lowest average canopy cover (6.5%). 

•	 Council District 1, which has 31% canopy cover, has the lowest risk for poor air quality.

•	 Council District 7, which has 18% canopy cover, has the highest risk for poor air quality 
and unemployment. 

•	 Council District 5, which has 12% canopy cover, has the highest risk for poverty.

This report analyzes some of the general findings and trends for tree canopy, 
environmental, and socioeconomic factors in Oakland. However, it is important to 
understand and remember that the resulting GIS canopy map can be examined and 
analyzed in conjunction with other existing and future data in countless ways and at 
any scale. This critical information can and should be used to develop precise plans for 
planting additional trees to provide greater benefits and reduce undesirable risk factors. 
The City of Oakland is encouraged to further explore these data as new ideas, interests, or 
priorities arise. Simply, this study represents only a subset of a vast array of information 
and findings that can be gleaned from the further analyses of the data generated by this 
assessment.
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glossary
•	 bare soil land cover: Areas mapped as bare soil typically include vacant lots, 

construction areas, and ball fields.

•	 CalEnviroScreen: Tool developed by the OEHHA that identifies the California 
communities most burdened by pollution from multiple sources and most vulnerable 
to its effects and uses that data along with socioeconomic factors  to create scores for 
each of the state’s 8,000 census tracts

•	 canopy: Branches and foliage which make up a tree’s crown.

•	 canopy cover: As seen from above, it is the area of land surface that is covered by tree 
canopy. 

•	 existing UTC: The amount of UTC present within the city boundary.

•	 geographic information systems (GIS): A technology that is used to view and analyze 
data from a geographic perspective. The technology is a piece of an organization’s 
overall information system framework. GIS links location to information (such as 
people to addresses, buildings to parcels, or streets within a network) and layers that 
information to give you a better understanding of how it all interrelates.

•	 greenspace: A land use planning and conservation term used to describe protected 
areas of undeveloped landscapes.

•	 impervious land cover: Area that does not allow rainfall to infiltrate the soil and 
typically includes buildings, parking lots, and roads. 

•	 i-Tree Canopy: The i-Tree Canopy tool allows users to easily photo-interpret Google 
aerial images of their area to produce statistical estimates of tree and other cover 
types along with calculations of the uncertainty of their estimates. A simple, quick, and 
inexpensive means for cities and forest managers to accurately estimate their tree and 
other cover types.

•	 i-Tree Hydro: The i-Tree Hydro tool allows users to quantify the value of ecosystem 
services for stormwater runoff and designed for users interested in analysis of 
vegetation and impervious cover effects on urban hydrology.

•	 i-Tree Tools: State-of-the-art, peer-reviewed software suite from the USDA Forest 
Service that provides urban forestry analysis and benefits assessment tools. The i-Tree 
Tools help communities of all sizes to strengthen their urban forest management 
and advocacy efforts by quantifying the structure of community trees and the 
environmental services that trees provide.

•	 land cover: Physical features on the earth mapped from satellite or aerial imagery such 
as bare soils, canopy, impervious, pervious, or water. 

•	 nitrogen dioxide (NO2): Nitrogen dioxide is a compound typically created during 
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the combustion processes and is a major contributor to smog formation and acid 
deposition.

•	 open water land cover: The land cover areas mapped as water typically include lakes, 
oceans, rivers, and streams.

•	 other vegetation: Pervious cover or a vegetated area (grass, shrubs, etc.) that allows 
rainfall to infiltrate the soil; typically includes parks, golf courses, and residential areas.

•	 ozone (O3): A strong-smelling, pale blue, reactive toxic chemical gas with molecules of 
three oxygen atoms. It is a product of the photochemical process involving the Sun’s 
energy. Ozone exists in the upper layer of the atmosphere as well as at the Earth’s 
surface. Ozone at the Earth’s surface can cause numerous adverse human health 
effects. It is a major component of smog.

•	 particulate matter (e.g., PM2.5, PM10): A major class of air pollutants consisting of tiny 
solid or liquid particles of soot, dust, smoke, fumes, and mists. PM2.5 are fine particles 
(≤ 2.5 micrometers) such as those found in smoke and haze. PM10 are inhalable coarse 
particles (>2.5 and <10 micrometers) such as those found near roadways and dusty 
industries.

•	 pervious land cover: A vegetative area that allows rainfall to infiltrate the soil and 
typically includes parks, golf courses, and residential areas.

•	 possible UTC: The amount of land that is theoretically available for the establishment of 
tree canopy within the city boundary. It is the combination of Possible UTC - Vegetation 
and Possible UTC - Impervious.

•	 possible UTC—vegetation: The amount of land within the city boundary covered by 
non-tree vegetation that is theoretically available for the establishment of tree canopy.

•	 possible UTC—impervious: The amount of land within the city boundary covered by 
impervious surface that is theoretically available for the establishment of tree canopy. 
This excludes all buildings and all pavement within the public right-of-way (ROW).

•	 riparian: Of or relating to or located on the banks of a river or stream.

•	 right-of-way (ROW): A strip of land generally owned by a public entity over which 
facilities, such as highways, railroads, or power lines, are built. 

•	 street tree: A street tree is defined as a tree within the right-of-way. 

•	 species: Fundamental category of taxonomic classification, ranking below a genus or 
subgenus and consisting of related organisms capable of interbreeding.

•	 sulfur dioxide (SO2): A strong-smelling, colorless gas that is formed by the combustion 
of fossil fuels. Sulfur oxides contribute to the problem of acid rain.

•	 tree: A tree is defined as a perennial woody plant that may grow more than 20 feet 
tall. Characteristically, it has one main stem, although many species may grow as multi-
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stemmed forms.

•	 tree benefit: An economic, environmental, or social improvement that benefited the 
community and resulted mainly from the presence of a tree. The benefit received has 
real or intrinsic value associated with it.

•	 urban forest: All of the trees within a municipality or a community. This can include the 
trees along streets or rights-of-way, parks and greenspaces, and forests. 

•	 urban tree canopy (UTC): The layer of leaves, branches, and stems of trees that cover 
the ground when viewed from above.

•	 urban tree canopy assessment: A study performed of land cover classes to gain an 
understanding of the tree canopy coverage, particularly as it relates to the amount 
of tree canopy that currently exists and the amount of tree canopy that could exist. 
Typically performed using aerial photographs, GIS data, or Lidar.
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aPPendix a: methodology and accuracy 
assessment
This UTC assessment included several nationally accepted methods and models:

•	 Land cover object-based image analysis (OBIA) semi-automated feature extraction 

•	 i-Tree Canopy to compare land cover results and quantify tree benefits

•	 i-Tree Hydro to quantify ecosystem benefits of stormwater runoff

•	 CalEnviroScreen to prioritize environmental and socioeconomic risk factors

•	 Other data, tools, and methodologies used from various sources

classification methodology

This assessment utilized an object-based image analysis (OBIA) semi-automated feature 
extraction method to process and analyze current high-resolution color infrared (CIR) 
aerial imagery and remotely sensed data to identify tree canopy cover and land cover 
classifications. The use of imagery analysis is cost-effective and provides a highly accurate 
approach to assessing your community’s existing tree canopy coverage. Imagery analysis 
supports responsible tree management, facilitates community forestry goal-setting, and 
improves urban resource planning for healthier and more sustainable urban environments.

Advanced image analysis methods were used to classify, or separate, the land cover 
layers from the overall imagery. The semi-automated extraction process was completed 
using Feature Analyst, an extension of ArcGIS®. Feature Analyst uses an object-oriented 
approach to cluster together objects with similar spectral (i.e., color) and spatial/
contextual (e.g., texture, size, shape, pattern, and spatial association) characteristics. 
The land cover results of the extraction process was post-processed and clipped to 
each project boundary prior to the manual editing process in order to create smaller, 
manageable, and more efficient file sizes. Secondary source data, high-resolution aerial 
imagery provided by each UTC city, and custom ArcGIS® tools were used to aid in the final 
manual editing, quality checking, and quality assurance processes (QA/QC). The manual 
QA/QC process was implemented to identify, define, and correct any misclassifications or 
omission errors in the final land cover layer.  

classification workflow

1. Prepare imagery for feature extraction (resampling, rectification, etc.), if needed. 

2. Gather training set data for all desired land cover classes (canopy, impervious, grass, 
bare soil, shadows). Water samples are not always needed since hydrologic data are 
available for most areas. Training data for impervious features were not collected 
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because the city maintained a completed impervious layer.

3. Extract canopy layer only; this decreases the amount of shadow removal from large 
tree canopy shadows. Fill small holes and smooth to remove rigid edges.

4. Edit and finalize canopy layer at 1:2,000 scale. A point file is created to digitize-in small 
individual trees that will be missed during the extraction. These points are buffered to 
represent the tree canopy. This process speeds up editing time and improves accuracy 
by including smaller individual trees. 

5. Extract remaining land cover classes using the canopy layer as a mask; this retains 
canopy shadows that occur within groups of canopy, while decreasing the amount of 
shadow along edges.

6. Edit the impervious layer to reflect actual impervious features, such as roads, buildings, 
parking lots, etc. to update features.

7. Using canopy and actual impervious surfaces as a mask input the bare soils training 
data and extract them from the imagery. Quickly edit the layer to remove or add any 
features. American Forests tries to delete dry vegetation areas associated with lawns, 
grass/meadows, and agricultural fields.

8. Assemble any hydrological datasets, if provided. Add or remove any water features to 
create the hydrology class. Perform a feature extraction if no water feature datasets 
exist.

9. Use geoprocessing tools to clean, repair, and clip all edited land cover layers to remove 
any self-intersections or topology errors that sometimes occur during editing.

10. Input canopy, impervious, bare soil, and hydrology layers into our Five-Class Land 
Cover Model to complete the classification. This model generates the pervious (grass/
low-lying vegetation) class by combining all other areas not previously classified.  

11. Thoroughly inspect final land cover dataset for any classification errors and correct as 
needed.

12. Perform accuracy assessment. Repeat Step 11, if needed.

automated feature extraction files

The automated feature extraction (AFE) files allow other users to run the extraction 
process by replicating the methodology. Since Feature Analyst does not contain all 
geoprocessing operations that we utilize, the AFE only accounts for part of the extraction 
process. Using Feature Analyst, we created the training set data, ran the extraction, and 
then smoothed the features to alleviate the blocky appearance. To complete the actual 
extraction process, we use additional geoprocessing tools within ArcGIS®. From the AFE 
file results, the following steps are taken to prepare the extracted data for manual editing.
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1. All holes are filled in the canopy that are 
less than 30 square meters. This eliminates 
small gaps that were created during the 
extraction process, while still allowing for 
natural canopy gaps.

2. All features are deleted that are less than 
9 square meters for canopy (50 square 
meters for impervious surfaces). This 
process reduces the amount of small 
features that could result in incorrect 
classifications and also helps computer 
performance.

3. The Repair Geometry, Dissolve, and Multipart to Singlepart (in that order) 
geoprocessing tools are run to complete the extraction process.

4. The Multipart to Singlepart shapefile is given to GIS personnel for manual editing to 
add, remove, or reshape features. 

accuracy assessment Protocol

Determining the accuracy of spatial data is of high importance. To achieve the best 
possible result, we manually edit and conduct thorough QA/QC checks on all urban tree 
canopy and land cover layers. A QA/QC process will be completed using ArcGIS® to 
identify, clean, and correct any misclassification or topology errors in the final land cover 
dataset. The initial land cover layer extractions will be edited at a 1:2,000 quality control 
scale in the urban areas and at a 1:2,500 scale for rural areas utilizing the most current 
high-resolution aerial imagery to aid in the quality control process.

To test for accuracy, random plot locations are generated throughout the city area of 
interest and verified to ensure that the data meet the client standards. Each point is 
compared with the most current NAIP high-resolution imagery (reference image) to 
determine the accuracy of the final land cover layer. Points are classified as either correct 
or incorrect and recorded in a classification matrix. Accuracy is assessed using four 
metrics: overall accuracy, kappa, quantity disagreement, and allocation disagreement. 
These metrics are calculated using a custom Excel® spreadsheet.

land cover accuracy

The following describes the accuracy assessment techniques and outlines procedural 
steps used to conduct the assessment. 

1. Random Point Generation—Using ArcGIS, 1,000 random assessment points are 
generated. 
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2. Point Determination—Each point is carefully 
assessed by the GIS analyst for likeness with 
the aerial photography. To record findings, two 
new fields, CODE and TRUTH, are added to the 
accuracy assessment point shapefile. CODE is a 
numeric value (1–5) assigned to each land cover 
class (Table 1) and TRUTH is the actual land cover 
class as identified according to the reference 
image. If CODE and TRUTH are the same, then 
the point is counted as a correct classification. 
Likewise, if the CODE and TRUTH are not the 
same, then the point is classified as incorrect. In 
most cases, distinguishing if a point is correct or incorrect is straightforward. Points will 
rarely be misclassified by an egregious classification or editing error. Often incorrect 
points occur where one feature stops and the other begins. 

3. Classification Matrix—During the accuracy assessment, if a point is considered incorrect, 
it is given the correct classification in the TRUTH column. Points are first assessed on 
the NAIP imagery for their correctness using a “blind” assessment—meaning that the 
analyst does not know the actual classification (the GIS analyst is strictly going off the 
NAIP imagery to determine cover class). Any incorrect classifications found during the 
“blind” assessment are scrutinized further using sub-meter imagery provided by the 
client to determine if the point was incorrectly classified due to the fuzziness of the 
NAIP imagery or an actual misclassification. After all random points are assessed and 
recorded; a classification (or confusion) matrix is created. The classification matrix for 
this project is presented in Table 2. The table allows for assessment of user’s/producer’s 
accuracy, overall accuracy, omission/commission errors, kappa statistics, allocation/
quantity disagreement, and confidence intervals (See following table and figure).

4. Each statistic, along with the results from some of the accuracy assessment tests, are 
described as follows: 
 
Overall Accuracy – Percentage of correctly classified pixels; for example, the sum of the 
diagonals divided by the total points ((161+347+129+20+289)/1,000 = 94.60%) 
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Classes Tree 
Canopy 

Impervious 
Surfaces 

Grass and 
Low-Lying 
Vegetation 

Bare Soils Open Water Row 
Total 

Producer's 
Accuracy 

Errors of 
Omission 

Tree Canopy 161 5 14 0 0 180 89.44% 10.56% 
Impervious 7 347 12 0 0 366 94.81% 5.19% 
Grass/Vegetation 4 3 129 1 0 137 94.16% 5.84% 
Bare Soils 0 2 6 20 0 28 71.43% 28.57% 
Water 0 0 0 0 289 289 100.00% 0.00% 
Column Total 172 357 161 21 289 1,000   
User's Accuracy 93.60% 97.20% 80.12% 92.68% 100.00%   Overall Accuracy 94.60% 
Errors of 
Commission 6.40% 2.80% 19.88% 7.32% 0.00%   Kappa Coefficient 0.9263 

 

4. Each statistic, along with the results from some of the accuracy assessment tests, are described as follows:  

Overall Accuracy – Percentage of correctly classified pixels; for example, the sum of the diagonals divided by the total points 
((161+347+129+20+289)/1,000 = 94.60%). 

User’s Accuracy – Probability that a pixel classified on the map actually represents that category on the ground (correct land 
cover classifications divided by the column total [161/172 = 93.60%]). 

Producer’s Accuracy – Probability of a reference pixel being correctly classified (correct land cover classifications divided by 
the row total [161/180 = 89.44%]). 

Kappa Coefficient – A statistical metric used to assess the accuracy of classification data. It has been generally accepted as a 
better determinant of accuracy partly because it accounts for random chance agreement. A value of 0.80 or greater is regarded 
as “very good” agreement between the land cover classification and reference image. 

Errors of Commission – A pixel reports the presence of a feature (such as trees) that, in reality, is absent (no trees are actually 
present). This is termed as a false positive. In the following matrix, we can determine that 6.40% of the area classified as 
canopy is most likely not canopy.  

  

Classification Matrix
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User’s Accuracy – Probability that a pixel classified on the map actually represents that 
category on the ground (correct land cover classifications divided by the column total 
[161/172 = 93.60%]) 
 
Producer’s Accuracy – Probability of a reference pixel being correctly classified (correct 
land cover classifications divided by the row total [161/180 = 89.44%]) 
 
Kappa Coefficient – A statistical metric used to assess the accuracy of classification 
data. It has been generally accepted as a better determinant of accuracy partly 
because it accounts for random chance agreement. A value of 0.80 or greater is 
regarded as “very good” agreement between the land cover classification and 
reference image. 
 
Errors of Commission – A pixel reports the presence of a feature (such as trees) that, in 
reality, is absent (no trees are actually present). This is termed as a false positive. In the 
following matrix, we can determine that 6.40% of the area classified as canopy is most 
likely not canopy. 
 

Errors of Omission – A pixel reports the absence of a feature (such as trees) when, in 
reality, they are actually there. In the matrix below, we can conclude that 10.56% of all 
canopy classified is actually present in the land cover data. 
 
Allocation Disagreement – The amount of difference between the reference image 
and the classified land cover map that is due to less than optimal match in the spatial 
allocation (or position) of the classes. 
 
Quantity Disagreement – The amount of difference between the reference image and 
the classified land cover map that is due to less than perfect match in the proportions 
(or area) of the classes. 
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Errors of Omission – A pixel reports the absence of a feature (such as trees) when, in reality, they are actually there. In the 
matrix below, we can conclude that 10.56% of all canopy classified is actually present in the land cover data. 

Allocation Disagreement – The amount of difference between the reference image and the classified land cover map that is 
due to less than optimal match in the spatial allocation (or position) of the classes.  

Quantity Disagreement – The amount of difference between the reference image and the classified land cover map that is due 
to less than perfect match in the proportions (or area) of the classes. 

Confidence Intervals – A confidence interval is a type of interval estimate of a population parameter and is used to indicate 
the reliability of an estimate. Confidence intervals consist of a range of values (interval) that act as good estimates of the 
unknown population parameter based on the observed probability of successes and failures. Since all assessments have innate 
error, defining a lower and upper bound estimate  
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Confidence Intervals – A confidence interval is a type of interval estimate of a 
population parameter and is used to indicate the reliability of an estimate. Confidence 
intervals consist of a range of values (interval) that act as good estimates of the 
unknown population parameter based on the observed probability of successes and 
failures. Since all assessments have innate error, defining a lower and upper bound 
estimate 

land cover accuracy

As a comparison, i-Tree Canopy was used 
to estimate land cover percentage for 
the project area. Based on the underlying 
methodology, i-Tree Canopy results are 
likely to be less accurate than those 
generated by a complete UTC assessment. 

The benefit of the i-Tree Canopy tool is that 
it allows users to easily interpret Google® 
Earth aerial imagery for areas of interest 
and produce statistical estimates of tree 
cover and other cover types. The tool also 
calculates levels of uncertainty for the 
land cover estimates provided. This tool 
provides a quick and inexpensive means for 
communities and forest managers to assess 
their tree canopy cover. 

Air Quality

The i-Tree Canopy v6.1 Model was used to quantify the value of ecosystem services for 
air quality. i-Tree Canopy was designed to give users the ability to estimate tree canopy 
and other land cover types within any selected geography.  The model uses the estimated 
canopy percentage and reports air pollutant removal rates and monetary values for 
carbon monoxide (CO), nitrogen dioxide (NO2), ozone (O3), sulfur dioxide (SO2), and 
particulate matter (PM) (Hirabayashi 2014). 

Within the i-Tree Canopy application, the U.S. EPA’s BenMAP Model estimates the 
incidence of adverse health effects and monetary values resulting from changes in air 
pollutants (Hirabayashi 2014; US EPA 2012). Different pollutant removal values were used 
for urban and rural areas.  In i-Tree Canopy, the air pollutant amount annually removed 
by trees and the associated monetary value can be calculated with tree cover in areas of 
interest using BenMAP multipliers for each county in the United States.  

To calculate ecosystem services for the study area, canopy percentage metrics from UTC 
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land cover data performed during the assessment were transferred to i-Tree Canopy.  
Those canopy percentages were matched by placing random points within the i-Tree 
Canopy application. Benefit values were reported for each of the five listed air pollutants. 

Carbon Storage and Sequestration

The i-Tree Canopy v6.1 Model was used to quantify the value of ecosystem services for 
carbon storage and sequestration. i-Tree Canopy was designed to give users the ability 
to estimate tree canopy and other land cover types within any selected geography.  
The model uses the estimated canopy percentage and reports carbon storage and 
sequestration rates and monetary values. Methods on deriving storage and sequestration 
can be found in Nowak et al. 2013. 

To calculate ecosystem services for the study area, canopy percentage metrics from UTC 
land cover data performed during the assessment were transferred to i-Tree Canopy.  
Those canopy percentages were matched by placing random points within the i-Tree 
Canopy application. Benefit values were reported for carbon storage and sequestration. 

i-tree hydro analysis 

The i-Tree Hydro v5.0 Model was used to quantify the value of ecosystem services for 
stormwater runoff. i-Tree Hydro was designed for users interested in analysis of vegetation 
and impervious cover effects on urban  hydrology. This most recent version (v5.0) allows 
users to report hydrologic data on the city level rather than just a watershed scale giving 
users more flexibility. For more information about the model, please consult the i-Tree 
Hydro v5.0 manual (http://www.itreetools.org).

To calculate ecosystem services for the study area, land cover percentages derived for 
Oakland were used as inputs into the model.  Precipitation data from 2010 was selected 
within the model as that year closely represented the average rainfall (23.9 in.) for the city 
(NOAA 2015). Model simulations were run under a Base Case as well as an Alternate Case.  
The Alterative Case increased canopy by 1% and assumed that impervious and vegetation 
cover would decrease by 0.7% for vegetated cover and 0.3% for impervious cover as 
plantings would ultimately reduce these land cover types. This process was completed 
to assess the runoff reduction volume associated with a 1% increase in tree canopy since 
i-Tree Hydro does not directly report the volume of runoff reduced by tree canopy. The 
volume (in cubic meters) was converted to gallons and multiplied by the current canopy 
percentage (24.8%) in Oakland to retrieve the overall volume reduced by the tree canopy.   

Through model simulation, it was determined that tree canopy decreases the runoff 
volume in Oakland by 1.19 billion gallons during an average precipitation year. This equates 
to approximately 134,461 gallons per acre of tree canopy.

To place a monetary value on stormwater reduction, the City of Berkeley Municipal Tree 
Guide Report (Maco et al. 2005) provided the price to treat a gallon of stormwater used in 
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several research studies within the area ($0.01 per gallon). Tree canopy was estimated to 
contribute roughly $11.9 million annually to Oakland.

california communities environmental health screening tool 
(calenviroscreen)

Developed by the Office of Environmental Health Hazard Assessment (OEHHA) at the 
request of CalEPA, CalEnviroScreen is a science-based tool that identifies the California 
communities most burdened by pollution from multiple sources and most vulnerable to 
its effects. The tool uses data on 12 types of pollution and environmental factors and 7 
population characteristics and socioeconomic factors to create scores for each of the 
state’s 8,000 census tracts.

For the City of Oakland, each of these factors were sorted in terms of their previous 
ranking and then assigned a new rank from 1–116. The lower ranking value indicated less 
presence or risk of a particular factor.  Once all five factors were assigned a ranking, 
the data were assigned to a council district. The average score was then derived for 
each factor within the districts. Those five averaged scores were additively combined to 
produce the final aggregate score which was used to prioritize the council districts. 

The new version of the tool uses census tracts because they are more uniform in 
population, better align with local government boundaries, and have more detailed 
demographic data than ZIP codes.
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aPPendix b: urban tree canoPy by Parks

 

  July 2015 

Park Name Total Land 
Area (acres) 

Tree 
Canopy 
(acres) 

Tree 
Canopy 

(%) 

Other 
Vegetation 

(acres) 

Other 
Vegetation 

(%) 

Bare Soil 
(acres) 

Bare 
Soil 
(%) 

Impervious 
Surface 
(acres) 

Impervious 
Surface 

(%) 
Estuary Park 6.18 0.65 10.39 0.48 7.63 1.94 31.11 3.11 49.82 
F.M. Smith Park 2.04 0.75 36.94 0.58 28.44 0.06 2.78 0.65 31.84 
Fitzgerald Street Park 0.66 0.32 48.74 0.09 14.15 0.00 0.00 0.24 37.11 
Foothill Meadows Park 1.58 0.40 25.10 0.63 39.93 0.00 0.00 0.55 34.97 
Foothills Meadow Park 2.03 0.15 7.33 0.41 20.32 0.00 0.00 1.47 72.35 
Franklin Square 2.87 0.06 2.14 1.20 41.98 0.06 2.21 1.54 53.67 
Fruitvale Bridge Park 1.87 0.16 6.75 0.26 10.79 0.02 0.92 1.43 59.82 
Garfield Municipal Playground 2.10 0.12 5.92 1.48 70.44 0.00 0.00 0.50 23.64 
Glen Echo Creek Park 0.69 0.50 73.52 0.07 10.60 0.00 0.00 0.11 15.88 
Golden Gate Park 3.40 0.42 12.26 2.10 61.77 0.00 0.00 0.88 25.97 
Greenman Recreation Area 6.97 0.10 1.47 6.38 91.46 0.00 0.00 0.49 7.07 
Grizzly Peak Open Space Park 66.08 22.81 34.51 38.88 58.84 1.19 1.80 3.21 4.85 
Hardy Park 1.57 0.59 37.91 0.33 21.29 0.16 10.52 0.47 30.27 
Harrison Square 2.11 0.46 21.58 0.70 33.11 0.19 9.05 0.77 36.26 
Hellman Recreation Area 4.03 2.12 52.66 1.49 36.98 0.00 0.00 0.42 10.36 
Holly Mini Park 0.52 0.02 3.13 0.09 16.52 0.28 54.72 0.13 25.62 
Jefferson Square Rec Center 2.51 0.83 33.11 0.45 17.98 0.20 7.92 1.03 40.99 
Joaquin Miller Park 389.61 359.23 92.20 7.67 1.97 8.84 2.27 13.87 3.56 
Kennedy Tract Park 0.82 0.18 22.02 0.07 8.90 0.31 37.60 0.26 31.48 
King Estate Open Space Park 87.99 11.78 13.38 6.09 6.92 59.47 67.58 10.66 12.11 
Knowland Park 473.08 243.33 51.44 86.71 18.33 111.53 23.58 31.51 6.66 
Lafayette Square 2.46 0.59 24.20 0.58 23.53 0.04 1.64 1.24 50.63 
Lake Shore Park 4.67 0.64 13.66 2.62 56.06 0.00 0.00 1.42 30.28 
Lake Temescal Reg Rec Area 28.72 15.60 41.03 6.44 16.94 1.32 3.46 5.36 14.10 
Lakeside Park 85.53 33.97 14.40 27.07 11.47 0.15 0.06 24.33 10.31 
Leona Regional Open Space Park 396.80 340.90 85.91 40.52 10.21 12.82 3.23 2.57 0.65 
Lincoln Square Rec Center Park 2.46 0.53 21.43 0.10 4.20 0.01 0.55 1.82 73.82 
Lowell Park 11.20 3.30 29.42 5.80 51.75 0.00 0.00 2.11 18.83 
Lyons Field Park 5.22 0.32 6.20 3.97 76.07 0.00 0.00 0.92 17.72 
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Appendix B 
Urban Tree Canopy by Parks 

Park Name Total Land 
Area (acres) 

Tree 
Canopy 
(acres) 

Tree 
Canopy 

(%) 

Other 
Vegetation 

(acres) 

Other 
Vegetation 

(%) 

Bare Soil 
(acres) 

Bare 
Soil 
(%) 

Impervious 
Surface 
(acres) 

Impervious 
Surface 

(%) 
Adams Park 3.64 1.01 27.81 0.61 16.68 0.00 0.04 2.02 55.47 
Allendale Recreation Center 2.57 0.24 9.23 2.15 83.43 0.00 0.00 0.19 7.34 
Anthony Chabot Regional Park 123.46 92.48 74.87 24.50 19.83 4.43 3.59 2.06 1.67 
Arroyo Viejo Rec Center 15.50 4.29 27.65 8.28 53.38 0.07 0.45 2.87 18.52 
Athol Plaza Park 1.70 0.27 15.88 0.42 25.02 0.00 0.00 1.00 59.10 
Avenue Terrace Park 1.45 0.54 37.63 0.39 26.72 0.00 0.00 0.52 35.66 
Beaconsfield Open Space Park 2.30 1.83 79.36 0.37 15.88 0.00 0.00 0.11 4.77 
Begin Plaza Park 0.78 0.26 33.50 0.08 10.58 0.00 0.00 0.44 55.92 
Bella Vista Recreation Area PK 1.77 0.22 12.27 0.79 44.43 0.00 0.00 0.77 43.31 
Brookdale Park 5.45 1.94 35.69 2.65 48.73 0.00 0.00 0.85 15.58 
Brookfield Village Park 10.96 1.36 12.41 4.83 44.08 0.06 0.54 4.71 42.97 
Burckhalter Park 5.33 2.85 53.44 1.62 30.33 0.01 0.16 0.86 16.08 
Bushrod Park 9.83 1.10 11.15 7.32 74.52 0.00 0.00 1.41 14.33 
Central Reservoir Rec Area 4.83 2.70 55.89 1.82 37.63 0.00 0.00 0.31 6.48 
Chabot Park 67.87 51.53 75.83 12.44 18.31 2.72 4.00 1.17 1.72 
Chabot Recreation Area 3.68 0.91 24.74 1.68 45.66 0.00 0.00 1.09 29.60 
Claremont Canyon Reg Preserve 256.60 124.75 48.62 120.30 46.88 6.17 2.41 5.38 2.10 
Clinton Square 2.87 1.33 46.46 0.31 10.73 0.20 7.06 1.03 35.75 
Colby Park 0.57 0.20 34.38 0.13 23.45 0.00 0.00 0.24 42.16 
Coliseum Gardens Park 14.15 0.49 3.38 5.02 34.65 0.00 0.00 8.64 59.69 
Columbian Gardens Park 1.72 0.07 4.35 1.13 65.74 0.26 15.17 0.25 14.73 
Concordia Park 4.42 0.60 13.61 2.23 50.50 0.09 1.92 1.50 33.97 
Curt Flood Field 3.76 0.17 4.50 3.19 84.92 0.00 0.00 0.40 10.59 
De Fremery Park 11.75 2.35 20.02 4.30 36.56 0.41 3.52 4.69 39.89 
Dimond Park 11.07 7.18 64.88 2.70 24.36 0.00 0.00 1.19 10.76 
Elmhurst Plaza Park 2.76 0.86 31.10 1.15 41.62 0.00 0.00 0.75 27.28 
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Park Name Total Land 
Area (acres) 

Tree 
Canopy 
(acres) 

Tree 
Canopy 

(%) 

Other 
Vegetation 

(acres) 

Other 
Vegetation 

(%) 

Bare Soil 
(acres) 

Bare 
Soil 
(%) 

Impervious 
Surface 
(acres) 

Impervious 
Surface 

(%) 
Snow Park 5.34 1.51 28.39 2.82 52.79 0.00 0.00 1.00 18.82 
Sobrante Park 4.72 0.65 13.84 3.91 82.68 0.00 0.00 0.16 3.48 
Stanford Park 0.37 0.21 57.02 0.02 4.94 0.00 0.00 0.14 38.04 
Stonehurst Rec Area Park 1.84 0.53 28.70 0.41 22.18 0.32 17.45 0.58 31.67 
Sulpher Springs Park 7.31 6.43 87.89 0.39 5.33 0.00 0.00 0.50 6.78 
Tassafaronga Park 1.88 0.28 15.09 0.97 51.56 0.09 4.56 0.54 28.79 
Tilden Regional Park 8.76 2.62 29.94 2.75 31.43 1.09 12.47 2.29 26.16 
Tunnel Road Park 14.79 5.19 35.06 3.61 24.38 1.73 11.67 4.27 28.89 
Tyrone Carney Park 0.89 0.25 27.77 0.11 12.00 0.00 0.00 0.54 60.23 
Vantage Point Park 3.86 0.32 8.21 0.53 13.68 0.23 6.08 2.78 72.03 
Verdese Carter Park 4.23 0.60 14.26 1.02 24.13 0.87 20.52 1.74 41.09 
W D Wood Park 5.29 2.97 56.23 0.98 18.50 0.93 17.65 0.40 7.62 
Wade Johnson Park 2.29 0.51 22.12 1.41 61.76 0.03 1.31 0.34 14.82 
Webster Academy 8.53 0.36 4.23 2.26 26.43 0.00 0.03 5.92 69.32 
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Madison Park 2.50 0.39 15.46 0.34 13.44 0.08 3.02 1.70 68.08 
Mandana Plaza Park 1.39 0.50 35.82 0.26 18.29 0.00 0.00 0.64 45.89 
Manzanita Rec Center Park 0.63 0.23 37.19 0.19 30.89 0.00 0.00 0.20 31.92 
Marston Campbell Park 3.30 0.35 10.45 2.40 72.66 0.00 0.00 0.56 16.89 
Martin Luther King Jr Reg Park 122.33 10.83 6.41 63.42 37.51 18.91 11.19 29.17 17.25 
Maxwell Park 1.75 1.18 67.72 0.33 18.91 0.00 0.00 0.23 13.36 
McCrea Memorial Park 7.48 5.47 73.20 0.28 3.69 0.05 0.72 1.67 22.39 
Montclair Rec Center Park 11.69 5.61 45.53 3.49 28.33 0.00 0.00 2.59 21.05 
Morgan Plaza Park 0.74 0.28 37.58 0.13 18.25 0.00 0.00 0.33 44.17 
Mosswood Park 14.36 5.46 38.03 5.14 35.77 0.03 0.24 3.73 25.96 
N Oakland Reg Sports Center 14.67 4.27 29.13 9.32 63.55 0.07 0.47 1.01 6.85 
Oak Glen Park 3.17 2.23 70.38 0.35 10.97 0.03 1.08 0.56 17.57 
Ostrander Park 4.22 2.42 57.25 0.46 10.98 0.00 0.00 1.34 31.77 
Peralta Hacienda Park 1.64 0.91 55.80 0.38 23.33 0.14 8.38 0.20 12.49 
Peralta Park 4.48 1.46 25.24 1.13 19.44 0.59 10.22 1.30 22.40 
Pinto Ranch Recreation Area 5.34 1.43 26.84 2.34 43.79 0.97 18.09 0.60 11.28 
Poplar Rec Center 3.29 0.87 26.36 1.24 37.59 0.00 0.13 1.18 35.92 
Portview Park 10.61 0.25 2.35 2.67 24.61 0.00 0.00 7.69 70.99 
Raimondi Park 11.72 0.40 3.44 6.34 54.12 0.10 0.88 4.87 41.57 
Rainbow Recreation Center Park 1.89 0.58 30.75 0.59 31.51 0.00 0.02 0.71 37.72 
Redwood Heights Rec Area 2.98 1.25 41.99 1.02 34.19 0.00 0.00 0.71 23.82 
Redwood Regional Park 31.76 24.24 76.33 2.52 7.94 2.59 8.17 2.40 7.57 
Roberts Reg Recreation Area 10.30 10.29 99.91 0.00 0.00 0.00 0.00 0.01 0.09 
Rockridge Park 0.43 0.16 37.33 0.10 22.47 0.00 0.00 0.17 40.20 
Rose Garden Park 8.04 3.82 47.50 2.53 31.48 0.07 0.87 1.62 20.15 
San Antonio Recreation Area 13.52 4.93 36.46 5.37 39.70 0.00 0.00 3.22 23.84 
Sanborn Park 2.23 0.72 32.08 0.77 34.63 0.00 0.00 0.74 33.28 
Sheffield Rec Center Park 4.15 2.96 71.42 0.80 19.28 0.31 7.47 0.08 1.83 
Shepard Canyon Park 26.54 16.78 63.21 7.28 27.42 0.96 3.63 1.53 5.75 


