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      Introduction 

Cities in the Bay area, concerned with the 

environmental and ecological quality, are enhancing 

the urban areas by developing on under-developed 

and under-utilized sites. This sustainable method of 

development not only reduces air, light, sound, soil, 

and water pollution but also improves the quality of 

life of the residents in the cities. Even though this 

method reduces the encroachment of human 

habitation on natural areas there lies a challenge to 

achieve a connected ecological system in the urban 

areas that benefits the human life as well as the bio-

diversity. Today the natural environment in urban 

setting faces the issues like: 

o Fragmentation 

o Invasion of native tree and plants  

o Changing climatic conditions 

o Seclusion of open spaces/park for 

human and natural use purposes 

 

We at Sierra Club Loma Prieta Chapter’s Sustainable 

Land Use (SLU) Committee believe that it is crucial to 

develop compact urban areas in a way that 

integrates into the ecosystem.  With increase in urban 

areas, it has become essential that cities create 

policies and programs that protect trees, plants, 

animal, and insects, each of which has specific function 

in the resilient ecological cycle and preventing them 

from degrading.  

 

We support conservation of natural elements and 

encourage the programs that work towards 

ecological benefits for the city and hence, we have 

developed guidelines for cities to use to enhance their 

natural system. This document provides an 

opportunity for the city council members, city staff, 

decision makers and general public to understand the 

functioning of the natural system in urban setting and 

ways to improve its quality.  
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Natural Element Guidelines 

The guidelines provides information on strategies 

that we believe will work towards protecting the 

environment and improving the biodiversity. The 

guideline also provides information on ways to find 

potential funding opportunities for the 

implementation of programs.  Our guidelines can 

serve as a starting point to analyze the existing 

condition of the natural system and help in building 

well connected natural systems in the city as well as 

in the Bay Area.  

We envision that the Bay area will have a connected 

and functional natural system that improves the heath 

of its residents and enhances biodiversity. Our 

document divides the natural system in to five 

categories, within which we propose strategies that 

will enrich the natural system. They are: 

o Ecological/Habitat - Corridors and 

patches 

o Tree Canopy and Native Plants 

o Soil conservation and enhancement 

o Rain water Management and 

wetlands 

o Urban Agriculture 
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Ecological Systems 
Ecological system provides many ecological and 
social benefits to protect and flourish the species 
living in it, while improving the environmental quality. 
The natural ecological system, especially in the urban 
areas, is fragmented due to development of 
highways, buildings blocks, parking spaces, and 
under-utilized sites causing urgent need to devise and 
implement strategies that improve connectivity. In this 
section, we provide strategies that work towards 
enhancing the natural system and integrity of 
ecosystem in urban areas.     
 
Conservation:  
Conservation deals with preservation bio-diversity 
and management of the natural resources1. In urban 
areas, with extinction of various species of plants and 
animals, it is essential to conserve the native species 
using various strategies. Involving public in the 
conservation program increases awareness about the 
issue and encourages them to plant endangered 
species in their backyards. 
Benefits: 

o Local species are climate-adaptive species 
and function well in the environmental context. 
Conserving these species encourages 
sustainable environmental development. 

o Conservation protects and enhances local the 
environmental matrix as well as species that 
thrive well in them.    

Example 
Urban Ecosystem Research Consortium of 
Portland/Vancouver is a consortium of people from 
various educational institutions, state and federal 
agencies, local governments, non-profit organizations 
and businesses. Their mission is to advance the state 
of the science of urban ecosystems and improve our 
understanding of them, with a focus on the 
Portland/Vancouver metropolitan region, by 
fostering communication and collaboration among 
researchers, managers and citizens at academic 
institutions, public agencies, local governments, non-
profit organizations, and other interested groups. 
(Urban Ecosystem Research Consortium of 
Portland/Vancouver, 2016)2. 

                                                           
1 http://ecology.ucdavis.edu/programs/conservationecology.html 
2 http://www.uercportland.org/ 

Figure 1 
https://www.pdx.edu/sustainability/ecosystem-
service 
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Figure 2 
http://www.landslides.com/commercial/parks-
gardens/100521-0151 

 
Restoration  
Restoration programs is the practice of renewing 
and restoring degraded, damaged, or destroyed 
ecosystems and habitats in  the environment by active 
human intervention and actions (Restoration Ecology, 
n.d.)3. Reconciliation ecology is a strategy to 
encourage ecological restoration in human dominated 
areas. It is a science of inventing, establishing and 
maintaining new habitats to conserve diversity in 
places where people live, work and play (Franklin, 
n.d.)4.  
Benefits: 

o Locating backyard habitat programs will help 
to widen the connectors, enriching the natural 
environmental system.  

Example 
Environmental Restoration and Habitat Enhancement 

by the regional Parks Foundation in the Bay area 

work on habitat and ecological enhancement. Their 

initiatives range from amphibian to forest restoration. 

They also work to pool funds    and find volunteers 

for the restoration and enhancement programs5.  

 
Ecological Networks 
Landscapes in an ecology are made of patches, 
corridors, and matrixes. Together they form a 
connected system that supports various functions vital 
to habitat enhancement, conservation and restoration. 
In ecological context, patches are non-linear 
forested/meadow/park areas that are fundamental 
for growth and retention of bio-diversity, corridors 
are strip of land with similarities to patch that they 
connect, and matrix is the predominant landscapes 
within which patches and corridors lie.  
Benefits 

o Ecological networks allow daily and season 
movement of species, breeding and habitat 
spaces for species, and allows dispersion of 
plant species. 

o Narrow and well vegetated corridors provide 
protection and shelter to shy species of 
animals and birds.  

o Networks serves various functions such as 
providing habitat and conduits for movement,  

                                                           
3 https://en.wikipedia.org/wiki/Restoration_ecology 
4 http://tolweb.org/treehouses/?treehouse_id=4558 
5 http://www.regionalparksfoundation.org/page.aspx?pid=477 
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creating barriers and filters, and forming source and 
places to sink.   
Example 
Many cities are working towards enhancing their 
ecosystems. One of the example is of the Emerald 
Necklace in Boston designed by Fredrick Law 
Olmstead.   The 1,100-acre chain of nine parks linked 
by parkways and waterways create connected 
ecological system6.  

 
Master Planning for Linked Habitat  
Retaining and creating connected ecological system 
in urban areas can be a tedious task. With social and 
political pressures to preserve land and need to build 
new buildings for various purposes, it is essential to 
devise a master plan to attain the envisioned future. 
Similar to master plan for cities, this master plan will 
allow to design policies, programs, and 
implementation strategies to create a connected 
ecology.    
Benefits: 

o Master plan will help in systematic 
development of the parks, open spaces 
preserves, and habitat corridors.  

o It will encourage funding options and 
opportunities for partnerships.  

Example 
 
Backyard Habitat Program 
Along with the development of connecting corridors, 
it is essential that strategies   that increase the width 
of corridors should be devised. "Backyard Habitat" 
Program can be devised to include a target for a 
certain number of "Backyard Habitat" plaques each 
year to be awarded in each block along the 
"CORRIDORS". 
Benefits: 

o Locating backyard habitat programs will help 
to widen the connectors, enriching the natural 
environmental system.  

Example 
Texas Backyard Habitat Certification program is one 
of the example of joint effort of National Wildlife 
Federation and Texas Parks and Wildlife 
Department. It challenges Texans to create a habitat 

that seeks to maximize wildlife benefits7.  

                                                           
6 https://www.boston.gov/environment-and-energy/emerald-necklace 
7 http://tpwd.texas.gov/huntwild/wild/wildlife_diversity/wildscapes/best_of_texas_certification.phtml 

http://www.nwf.org/backyard/
http://www.nwf.org/backyard/
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Figure 3 Source: 
http://www.flowersway.com/pro/palais-de- tokyo-
180 

Pocket Parks 
Pocket parks are reclaimed parking spots used for 
public use such as outdoor sitting and play areas. 
Most extensively used in place-making, they convert 
parking spaces into usable places. In this section, we 
suggest that pocket parks to be used in ecologically 
beneficial ways using native and draught tolerant 
landscapes. Vacant lots can also be used to create 
such ecologically enhance pocket parks. 
Benefits:  

o Strategically locating pocket parks in areas 
where corridor connecting two patches are 
long will reduce fragmentation caused by the 
distance.  

Example: 
The example on the right is of Palais de Tokyo in 
Milan, Italy. It focuses on more natural habitat and 
less on human use. It features wild flowers and natural 
habitat that enhances the ecological value.   
                                        
                                                                                                                           
Underpasses /Overpasses for Wildlife Movements 
Creating connected habitats in urban areas can be a 
challenging task. With highways and streets 
intersecting the ecological corridors, provision of 
underpasses for ecological movement will reduce the 
fragmentation of the patched, creating a connected 
habitat. Overpasses can also provide similar function 
when wider connections are required.  
Benefits: 

o Helps reduce fragmentation by connecting 
fragmented landscapes.   

Example 
This image on the left is of the wildlife overpass on 
Trans-Canada Highways8.  
The overpass helps wild animals cross the highway 
and avoid lethal accidents.   

 
 

 

 

 

 

 

                                                           
8 http://www.esa.org/esablog/research/landscape-connectivity-corridors-and-more-in-issues-in-ecology-16/ 

Figure 4 Adam Ford, Highwaywilding.org 
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Tree Canopy and Native Plants 

Tree provide numerous benefits to the 
ecology and people. In urban context tree reduces 
urban head islands, soil erosion, and air and light 
pollution. Street trees improves quality of life and 
aesthetics in the cities. Tree canopy i.e. the area 
covered by the tree crown provides crucial 
information about the condition of urban trees. In this 
section we provide various strategies that improve the 
conditions of trees and tree canopy in urban areas.   

 
Native and Draught Tolerant Tree Planting 
Native plants are those that occur naturally without 

human involvement. They are adapted to the climate 

and the changes occurred over the time. Draught 

tolerant trees require less water to grow and are 

adapted to dryer climatic conditions. In California, 

due to the draught conditions it is essential that native 

and draught tolerant tree to be planted for 

sustainable development of the region9.  

Benefits: 
o Native trees help gain resiliency whereas 

draught tolerant trees are low maintenance, 
both of which increase sustainable 
development of the region.   

Example 
Image on the right is of draught tolerant landscape in 
San Diego. More examples can be found on The 
Water Conservation Garden   
 
 
Long term and short term plans  
Increasing urban tree canopy takes a prolonged time 
and involves the risk of plants dying. For successful 
results, city departments, non-profits groups, and the 
general public need to work collaboratively. Hence 
long and short term plans should be devised to attain 
the vision of increased tree canopy.  
Benefits: 

o Long term plan allows strategic planting and 
maintenance programs leading to a coherent 
increase in urban tree canopy.  

o Short term plans help reach milestone in the 
long term plan and allow efficient utilization 
of the available funding.  

Example 

                                                           
9 http://valleycresttakeson.com/watermanagement/resources/3-reasons-use-drought-tolerant-native-plants/ 
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San Francisco's Urban Tree Canopy Plan works 
towards improving the tree canopy in the city10. It 
provides long and short term plans that focuses on 
various issues.   
 
Measurable Goals  
With implementation of long and short range plans, 
setting of measurable goals allows to analyze the 
progress. These goals can be quantitative and 
qualitative, both benefiting the implementation 
process in multiple ways.  
Benefits: 

o Locating backyard habitat programs will 
help to widen the connectors, enriching the 
natural environmental system.  

Example 
The City of San Jose has set goal to plant 100,000 
trees by 2022 as part of its 10 point 'Green Vision' 
Plan adopted in 200711.  

 
 

Top down and bottom up approach 
Implementation of long and short term plans requires 
active participation of city departments, non-profit 
organizations, and the public. Hence, working on top-
down approach, i.e. working on big-picture related 
plans and bottoms-up i.e. working on grass root level 
allows to have a comprehensive approach on 
implementation of long and short term plans.  
Benefits: 

o This approach enables a sense of 
belonging in the initiatives and provokes 
participation.  

Example 
Friends of the Urban Forest is such organization that 
works at grass-root level and top-down level by 
involving public in the implementation process and 
partnering with the city.  

 
Educating 
Along with the development of connecting corridors, 
it is essential that strategies   that increase the width 
of corridors should be devised. "Backyard Habitat"  

                                                           
10 http://www.sf-planning.org/ftp/files/plans-and-programs/planning-for-the-city/urban-forest-
plan/UrbanForestPlan-121814_Final_WEB.pdf 
11 http://www.mercurynews.com/2012/03/08/the-nonprofit-our-city-forest-has-mobilized-more-than-100000-
volunteers-to-help-turn-san-jose-into-an-urban-forest/ 

Figure 5 
http://www.sfgate.com/realestate/article/TRE
ES-MAKE-EVEN-WALLETS-GREEN-When-they-
re-2541913.php 

Figure 6 http://www.fuf.net/news/ 
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Figure 8 http://www.wbarchitects.com/urban-
design/national_disaster_resilience_competition_city_of
_new_orleans/ 

Program can be devised to include a target for a 
certain number of "Backyard Habitat" plaques each  
year to be awarded in each block along the 
"CORRIDORS". 
Benefits: 

o Locating backyard habitat programs will help 
to widen the connectors, enriching the natural 
environmental system.  

Example 
 

Mandatory inclusion of native plants 
Native plants provides many ecological benefits. 
They are adapted to the local climate and suit the 
animals and birds in the region. If planting native 
plants are made mandatory in the development 
projects in urban areas they will help encourage 
developers to include them in landscape 
development.  
Benefits: 

o Mandatorily including native plants will 
increase native plants in urban areas, improve 
the ecological quality and sustainability of the 
development.  

Example 
Image on the right is of roof top garden with native 
plants in Chicago.  

 
Resilient Design standards 
Resilience is the capacity to adapt to changing 
conditions and to maintain or regain functionality and 
vitality in the face of stress or disturbance. Resilient 
design is the intentional design of buildings, 
landscapes, communities, and regions in response to 
these vulnerabilities (Resilient Design Institute, n.d.)12. 
The San Francisco Estuary Institute identifies seven 
principles of landscape resilience as setting, process, 
connectivity, diversity/complexity, redundancy, scale, 
and people13. Each of these contributes to resilience 
design.  
Benefits: 

o Locating backyard habitat programs will help 
to widen the connectors, enriching the natural 
environmental system.  

Example 
The example on the right is the design proposal for 
New Orleans natural disaster resiliency competition  

                                                           
12 http://www.resilientdesign.org/what-is-resilience/ 
13 http://www.sfei.org/sites/default/files/biblio_files/SFEI_2015_Landscape%20Resilience%20Framework.pdf 

Figure 7 http://www.sustainable-
chicago.com/2014/09/18/green-
infrastructure-mimics-nature-to-fight-
stormwater/ 
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Figure 9 http://ldsearthstewardship.org/2011/07/give-
xeriscaping-a-chance/ 

 

design by Waggonner and Ball architects. The design 
analyzes the natural ecological system in New 
Orleans and proposes new system to reduce the  
impact on the surrounding area and to avoid the 
disaster that ensued hurricane Katrina.  

 
Xeriscapes 
Xeriscapes is conservation of water through 
landscaping. Using appropriate native/draught 
tolerant plants and limiting turf areas in backyards 
and public parks reduces water requirement for 
landscaping14.  
Benefits: 

o Landscaping by xeriscape method saves 
water, less maintenance, requires no 
fertilizers, and protects wildlife habitat.   

Example 
Image on the right shows a front-yard of a house in 
Northern California using xeriscape landscapes.  

 
Sustainable Landscape Planning 
Sustainable landscapes sequester carbon, clean the 
air and water, increase energy efficiency, restore 
habitats, and create value through significant 
economic, social and, environmental benefits 
(American Society of Landscape Architects, n.d.)15.  
Benefits: 

o Locating backyard habitat programs will help 
to widen the connectors, enriching the natural 
environmental system.  

Example 
 
Pollinator Ways 
Pollinators are essential for re-production of many 
flowering and food providing plants. But with 
increase in fragmentation of ecological system due to 
urbanization, pollinator ways are in great danger.  
Benefits:  

o Pollinator ways benefit the ecological cycle in 
seed spreading and re-production of plants.  

                                                           
14 http://eartheasy.com/grow_xeriscape.htm 
15 https://www.asla.org/sustainablelandscapes/about.html 
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o Pollinator ways not only improve street level 
aesthetics but also provide hiding spaces for shy 
birds and animals.  

Example 
The Great Pollinator Project in New York launched to 
learn more about bees and improve habitat for them. 
Bee population has been burgeoning at the Highline 
and has been pollinator paradise16.  

 
 

 
 
 
  

                                                           
16 http://greatpollinatorproject.org/ 

Figure 10 http://greatpollinatorproject.org/ 
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Figure 11 http://www.bayareaecogardens.org/ 

Soil conservation and enhancement 
A lot of activities other than the natural cycle occur in 
the urban soil. Petrol and grease leakages from 
traffic, human induced waste and pollutants, and 
chemical and fertilizers from homes and factories 
expose the urban soil to various levels of 
contamination17. Top-level fertile soil is exposed to 
soil erosion due to leaf-blowing and storm water run-
off. These and many issues causes soil erosion in urban 
areas, making this natural element vulnerable to 
erosion and degrade. Hence, it is essential that 
policies and programs should be devised to conserve 
and enhance the soil in urban areas.  
 
Use of natural fertilizers such as compost, lime 
and organic matter 
Organic fertilizers as the name suggest are made 
from organic materials such as leaves, lime, compost, 
and organic materials. They do not use chemicals in 
their composition that pollute the soil18. They are easy 
to make and can be made locally, even at home. They 
provide nutrition to the plant without changing the 
chemical structure of the soil. 
Benefits: 

o They are non-toxic and bio-degradable 
o They help maintain the acidic balance of soil  
o The anaerobic bacteria present in organic 

fertilizers enrich the soil19.   
Example 
The organization ‘Eco Gardens Bay area’ provides 
guidelines, tips, and information on use of natural 
fertilizers and ways to grow sustainable garden20.  

 
Proper disposal of medicines and home products 
Medicines and toxic home products disposed in 
garbage bins over-time get dissolved in soil, causing 
contamination. The run-off storm-water then mixes 
these medicine mixed water in river and lakes, 
contaminating them. The compounds in medicines can 
cause reaction to people and animals.  
Benefits: 

o Proper disposal of medicines will prevent 
medicines to mix in water that we drink and 
soil that we grow our food on. 

                                                           
17 https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_005500.pdf 
18 https://www.organicfacts.net/organic-products/organic-cultivation/benefits-of-organic-fertilizers.html 
19 http://www.compostjunkie.com/anaerobic-composting.html 
20 http://www.bayareaecogardens.org/ 
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Figure 14  http://plannersweb.com/2009/02/managing-
stormwater-runoff-a-green-infrastructure-approach/ 

Example 
The organization ‘Save the Bay’ provides services to 
dispose pharmaceutical and household toxic waste21.  

 
 

Reduction in storm water run-off and loss of 
soils 
Increase in impervious surfaces such as streets in 
parking lots in urban areas has increased storm water 
run-off. The top layer of soil is carried away by the 
flowing water, causing soil erosion. Hence, techniques 
to reduce storm water run-off should be implemented.    
Benefits: 

o Protects top layer of soil and reduces soil 
erosion.  

Example 
Green infrastructure provides efficient strategies that 
reduces storm-water runoff. The image on the left is 
of a residential area in Lenexa, Kansas that combine 
native tree planting with storm-management program 
to reduce storm-water run-off22.  
 
Proper disposal of debris 
Construction debris is used for landfills that intrudes 
the natural drainage. ‘Solid water management 
practices have identifies the reduction, recycling, and 
reusing of waste as essential for sustainable 
management of resources’. (Napier, 2016)   
Benefits: 

o Pollinator ways benefits the ecological cycle 
in seed spreading and re-production of 
plants.  

Example 
 
Decomposition Cycle 
Pollinators are essential for re-production of many 
flowering and food providing plants. But with 
increase in fragmentation of ecological system due to 
urbanization, pollinator ways are in great danger.  
Benefits: 

o Pollinator ways not only improve street level 
aesthetics but also provide hiding spaces for 
shy birds and animals.  

Example 
 
 

                                                           
21 https://www.savesfbay.org/pharmaceutical-disposal-sites 
22 http://plannersweb.com/2009/02/managing-stormwater-runoff-a-green-infrastructure-approach/ 

Figure 13  https://www.savesfbay.org/pharmaceutical-disposal-sites 
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Localized Rain Water Management 
Gray-scapes (streets, parking lots, and other 
impervious surfaces) dominate the urban landscapes, 
resulting in increased storm water run-off and soil 
erosion.  The pollutants in the storm-water run-off 
contaminates the rivers and streams. Many cities have 
established the storm-water runoff systems where 
storm-water is carried through a separated drainage 
system and disposed-off in rivers and streams after 
treatment. Even though this is an effective solution to 
dispose-off storm water, there are other efficient as 
well as sustainable ways to manage storm-water, 
namely green infrastructure and low-impact 
development. The strategies in green infrastructure 
provide a resilient solution that localizes storm-water 
and increases water percolation. In this section, we 
look at such strategies that enhance storm water 
management practices.  
 
Enhanced Water Infiltration Strategies 
Increase in impervious surface has reduced water 
infiltration leading to increase in rain water run-off. 
Polluted run-off from streets and highways has costly 
impacts on quality of water in water bodies and 
wildlife they support. Additionally, run-off erodes the 
grey infrastructure leading to increased maintenance 
costs. Rain gardens, enhanced tree pits, green roofs, 
and infiltration ponds provides increased surfaces for 
storm-water storage and increase water infiltration. 
Bio-swales reduces intensity and speed of run-off 
water providing additional time for water infiltration.   
Benefits: 

o These strategies help localize and channelize 
rain-water, creating a system that resemble 
the natural drainage pattern.  

o Using these strategies not only increases the 
aesthetics by reducing grey-scapes into 
green-scapes but also increases the quality of 
life of people living near it. 

Example 
The image on the left is of a green street side planter 
in Portland, Oregon. The City of Portland, Oregon 
has implemented various policies and programs 
along with partnerships with communities and 
organizations to manage its storm water23.  

                                                           
23 http://www.portlandoregon.gov/bes/31892 
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Figure 12 
http://www.portlandoregon.gov/bes/article/414873 

 
Pervious streets, driveways and parking lots 
Along with the enhanced water infiltration strategies, 
converting grey surfaces into pervious surfaces, they 
will enhance the filtration capacity of the soil. 
Surfaces of streets, drive-ways, and parking lots can 
be targeted to convert into pervious surface.    
Benefits: 

o Increases water infiltration and increase 
water table.  

o Reduces pollutant entering storm water run-
off and contaminating rivers and streams.  

Example 
The image on the left is  
 
 
Retention and Detention Ponds 
There are two type of ponds used for storm-water 
management, retention ponds and detention ponds. 
Retention ponds retain water throughout the year 
whereas detention ponds temporarily store water 
before they enter streams or river24. 
Benefits   

o They separate pollutant from storm-water 
run-off and improve its quality.  

Example 
The image on the left is of storm water detention pond 
in a park in Atlanta25. Developed In an urban area 
the park is developed by partnerships with various 
organizations.   

 
  

                                                           
24 http://www.lccdnet.org/wp-content/uploads/2011/04/Ponds.pdf 
25 http://www.h4wpc.com/clear_creek_basin.htm 

 

 

Figure 14 
http://www.h4wpc.com/clear_creek_basin.htm 

Figure 13 http://www.mapc.org/resources/low-impact-
dev-toolkit/permeable-paving 
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Urban Agriculture 
Urban gardening is the process of growing plants of all types and varieties in an urban 
environment26. It uses various strategies that utilizes urban land for plant growth such as roof 
garden, community garden, and alley way. These benefit the community by not only  reducing 
food desserts but also by providing access to fresh produce, an issues faced by many urban 
areas.  

 
Support locally grown food 
Locally grown food provides access to fresh food. It reduces the cost of food as its negates the 
preservation and transportation expenses, thus providing healthier   
(Example/source/ Pictures?) 

 
Allow/Encourage Backyard Gardens 
(Explanation)  
(Example/source/ Pictures?) 

 
Community Gardens   
Community gardens are a way in which under-utilized urban land is converted into farms by the 
community and for the community members.  
Benefits   
Provides access to fresh food.  
Reduces soil erosion.  
Example: 

The West Oakland Farm Park is a community 
garden program run by City Slicker Farms 
that provides raised plants beds for the 
community members27.  
 
 

 
 

 
Small Business Gardens   
(Explanation)  
(Example/source/ Pictures? 
 

                                                           
26 http://www.ecolife.com/define/urban-gardening.html 
27 http://www.cityslickerfarms.org/the_farm_park.php 

Figure 15 http://www.cityslickerfarms.org/index.php 
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