
PERSPECTIVES ON ENVIRONMENTAL LANDSCAPE PERFORMANCE 

INDICATORS AND METHODS: LEARNING FROM  

LANDSCAPE ARCHITECTURE FOUNDATION’S  

CASE STUDY INVESTIGATION PROGRAM 

 

by 

 

SAMEEPA KASHYAP MODI 

 

Presented to the Faculty of the Graduate School of 

The University of Texas at Arlington in Partial Fulfillment 

of the Requirements 

for the Degree of 

 

MASTER OF LANDSCAPE ARCHITECTURE 

 

THE UNIVERSITY OF TEXAS AT ARLINGTON 

May 2014 

 

 
 
 



ii 

Copyright © by Sameepa Kashyap Modi 2014 

All Rights Reserved 



iii 

Acknowledgements 

With utmost pleasure, I want to express my sincere gratitude to the chairman of 

my thesis – Dr. Taner R. Özdil. I am grateful for his continual guidance, support and 

contributions in this research. His prompt replies to all my questions and his availability 

for discussions - long or short - has been integral in completion of my thesis. 

I also extend my sincere gratitude to my thesis committee – Dr. Pat Taylor and 

Prof. James Richards - for aiding me in developing the research. Dr. Taylor, thank you for 

your continued efforts in pushing me and challenging me to think for various possibilities. 

Prof. Richards, thank you for the exposure during academics to the various facets of the 

professional realm and helping me develop a skill set for sketching - learning from you is 

a privilege in itself. I also thank all adjunct professors - John Fain, David Hopman, 

Rhonda Fields and Bo Bass - for the knowledge they shared in other important areas of 

landscape architecture profession. 

Many educators and professionals who have significantly contributed their time, 

effort and willingness to share their knowledge, I thank them all. This research would not 

have been possible without their support. Thank you to all my classmates and friends, 

especially Anjana, for their inspiration and support throughout the program.  

My very special thanks and heartfelt appreciation to my husband, Kashyap Modi, 

for his ultimate patience, faith, understanding, encouragement, motivation and most 

importantly his trust in my academic endeavors. I extend my deepest gratitude to my 

parents, Pankaj and Meena, and brother, Prateek, who have played an integral role in 

establishing a strong foundation for my career. I am grateful to my sweet little nephew, 

Geet, for being my stress buster. I am also thankful to my in-laws for their support. I 

extend my thanks to all those who have contributed in some way in making this possible. 

 April 15, 2014 



iv 

Abstract 

PERSPECTIVES ON ENVIRONMENTAL LANDSCAPE PERFORMANCE  

INDICATORS AND METHODS: LEARNING FROM 

LANDSCAPE ARCHITECTURE FOUNDATION’S 

CASE STUDY INVESTIGATION PROGRAM 

 

Sameepa Kashyap Modi, MLA 

 

The University of Texas at Arlington, 2014 

 

Supervising Professor: Taner R. Özdil 

Case studies are frequently utilized in landscape architecture to evaluate finished 

projects and to inform future education and practice (Francis, 1999 and 2003; Ahern 

et.al., 2007). The effective dissemination of developing theories and knowledge base in 

the landscape architecture profession seems promising with the adaptation of case study 

methods (Francis, 2001). The case studies are specifically found to be suitable in 

landscape performance studies as it can be easily adapted to various project types. 

Numerous case studies are found in landscape architecture literature, especially after 

Francis’ seminal work in 1999 on the case study method, and more structured study 

attempts such as the Case Study Investigation (CSI) Program initiated by Landscape 

Architecture Foundation (LAF) in 2011, giving more prominence to such methods (LAF, 

2013). 62 case study briefs are published up to date but they have not been reviewed 

and scrutinized collectively, specifically for the rigor of environmental indicators and 

methods, to better understand their contribution to landscape architecture scholarship.  

The purpose of this research is to review the environmental landscape 

performance indicators and methods adopted in LAF’s CSI Program and assess their 
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significance in landscape architecture based on the perception of CSI participants. The 

research also discusses the views of CSI participants about the environmental 

performance indicators and methods as well as the influence of LAF’s CSI Program on 

the understanding of environmental performance in landscape architecture research and 

practice. 

Qualitative research methods are adopted in this research to review the 

perceptions of researchers and professionals, regarding environmental landscape 

performance indicators and methods. The case studies are systematically reviewed and 

documented from the CSI program between 2011- 2013 (LAF, 2013). An in-depth 

interview method was used to have a clear understanding of perception of informants on 

environmental landscape performance indicators and methods (Taylor and Bogdan, 

1998). Interviews are later transcribed, analyzed, and common themes are identified to 

extract findings which are compared with the content analysis of the literature 

(Krippendorff, 2004).  

Since the inception of CSI Program in 2011, 121 environmental landscape 

performance indicators and 201 methods are utilized in 62 case study briefs. Also 15 

major themes emerge for environmental performance indicators and methods from 

combined analysis of literature review and interview transcripts. More views about the 

rigor of environmental performance indicators were obtained from researchers as 

compared to practitioners’ concern about outcome. The rigor of the method and case 

study is highly driven by availability of time, funding and resources. In conclusion, the 

research suggests the importance of greater understanding of environmental landscape 

performance indicators and methods to build a reliable knowledge base towards 

knowledge creation and performance oriented landscape architecture profession and 

scholarship. 
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Chapter 1  

Introduction 

1.1 Introduction 

Natural surroundings are often referred to as environment (Steiner, 1999). 

Environment provides resources like food, shelter, air and water, which are vital for the 

existence of humankind. Human civilizations and natural ecosystems represent integral 

parts of our environment (ASLA, 2007). Literature also illustrates that environment plays 

an important role in human health and well-being (SITES, 2014). Landscape Architecture 

Foundation (LAF) commissioned and developed a case study method in landscape 

architecture “to promote an in-depth, multi-dimensional approach to case studies and 

provide for uniformity in format and method” (LAF, 2013). The case study method thus 

developed by Mark Francis in 1999, is widely adopted within the landscape architecture 

profession, research and as a component of design education.   

This research documents and reviews the knowledge gained from case study 

briefs published by LAF and the perceptions of participants of Case Study Investigation 

(CSI) Program. Through this research, the researcher aims to have a better 

understanding of environmental landscape performance indicators and methods to inform 

various design practices and research for high performance in landscape architecture 

projects. 

 

1.2 Background 

In the early 1970s, the construction of highways, shopping centers and other 

forms of urban development resulted in rapid urbanization of the natural environment. 

This development, which was unresponsive to environment, led to natural and man-made 

disasters like erosion, floods and others. Environmental planning, which mainly focuses 
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on managing natural resources for sustenance of human activities, became an important 

discipline in the field of landscape architecture. Various organizations have their primary 

focus on environmental factors and issues. Some of these organizations like Sustainable 

SITES Initiative, Leadership in Energy and Environmental Design (LEED) and the Case 

Study Investigation (CSI) Program document various exemplary projects and generate 

numerous case studies. 

Case studies represent the knowledge accumulated from the history, about 

human endeavors in various fields (Lang, 2005). The case study method is commonly 

utilized to assess the value of completed projects to inform future design practices. It is 

adopted as one of many research methods in fields such as psychology, business, 

nursing, and others. It also contributes to the knowledge of an individual, group or an 

organization (Yin, 1994). Case studies are found to be crucial for most professions. 

According to Francis (1999), case studies are primarily used to describe or evaluate a 

project in design related fields and to explain or predict a theory in practice or 

phenomenon related the respective profession. 

The environment and the case study methods as they relate to landscape 

architecture are an integral part of the Landscape Architecture Foundation (LAF) mission. 

Concern for environment was the basis for forming LAF in 1966 and the landscape 

architecture case study method was subsequently commissioned by LAF in 1999 (LAF, 

2014). The Landscape Architecture Foundation is established to create a link between 

inquiry and innovation in the landscape architecture profession. LAF’s mission is to 

advance the body of knowledge and to support innovative projects and initiatives needed 

for the landscape architecture profession (LAF, 2013).  

As part of the LAF’s mission, Landscape Performance Series is initiated in 2010 

and Case Study Investigation Program in 2011. Landscape Performance Series is an 
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online interactive set of resources which demonstrates the value of landscape 

architectural projects, provide tools to evaluate performance and make the case for 

sustainable landscape solutions for designers, agencies and advocates. Case Study 

Investigation (CSI) Program is one of the many components of the Landscape 

Performance Series where environmental, social and economic performance factors are 

reviewed and discussed to understand existing recognized projects and inform future 

landscapes. 

To date over 62 case study briefs have been published by LAF through Case 

Study Investigation Program. However, these case studies are not collectively reviewed 

and scrutinized to gain greater knowledge about their relevance and impact to the 

landscape architecture scholarship and profession.  

 

1.3 Research Purpose 

The purpose of this research is to review the environmental landscape 

performance indicators and methods adopted in LAF’s CSI Program and to assess their 

significance as perceived by CSI participants. This research documents and reviews the 

environmental performance indicators and methods by reviewing 62 Case Study Briefs 

produced through CSI 2011, CSI 2012 and CSI 2013 under the Case Study Investigation 

(CSI) Program. The research also discusses the views of CSI participants about the 

environmental performance indicators and methods as well as LAF’s CSI Program 

influence on the understanding of environmental performance in landscape architecture 

research and practice. The scope of research encompasses the study of varying views of 

researchers and professionals to build a greater knowledge base for performance studies 

in landscape architecture. 
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1.4 Research Questions 

This research aims towards reviewing the environmental landscape performance 

indicators and methods and assessing their significance in landscape architecture. The 

research primarily investigates the following questions: 

1. What environmental performance indicators and methods are commonly used in 

LAF’s CSI Program to evaluate landscape architecture projects? 

2. What are the views of CSI participants about the rigor of environmental 

performance indicators and methods adopted in their case studies? 

3. How does LAF’s CSI Program influence the understanding of environmental 

performance in landscape architecture research and practice? 

The research intends to study and discuss the varying views of researchers and 

professionals on environmental landscape performance indicators and methods, in their 

respective context. 

 

1.5 Definition of Terms 

Case Study Investigation (CSI) Program: The Case Study Investigation (CSI) program is 

a unique research collaboration that matches LAF-funded student-faculty 

research teams with leading practitioners to document the benefits of exemplary 

high-performing landscape projects. Teams develop methods to quantify 

environmental, economic and social indicators (LAF, 2013). 

Case Study: A case study is a well-documented and systematic examination of the 

process, decision-making and outcomes of a project that is undertaken for the 

purpose of informing future practice, policy, theory and/or education (Francis, 

1999). 
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Content Analysis: Content analysis is a research technique for making replicable and 

valid inferences from texts (or other meaningful matter) in the context of their 

use. (Krippendorff, 2004, pg.18) 

Research Assistants: Research Assistants in CSI Program are students who 

demonstrated interest in learning to quantifying landscape benefits or 

performances. They are typically selected by a Research Fellow to assist them 

throughout the CSI Program (LAF, 2013). 

Environment/Environmental: Environment relates to things of natural origin in the 

landscape such as air, water, soil, plants, forests, animals, valleys, mountains 

and so on (Marsh, 2010, pg.4). 

Environmental Performance Indicators: Environmental performance indicators are 

indicators of various environmental issues/factors. They indicate the change in 

the measured value of an environmental issue/factor. For example, change in the 

volume of storm water run-off (indicator) represents the concern of high surface 

run-off volumes (environmental factor).  

Evaluation: Evaluation is when one examines and judges accomplishments and 

effectiveness of a project then one is engaged in evaluation (Patton, 1990). 

Firm Liaisons: Firm liaisons in CSI Program are representatives of firms which designed 

the project and work with faculty-student teams to quantify benefits and produce 

case studies by providing background information, access to key project 

personnel, photos, documents, clients, and other stakeholders (LAF, 2014). 

Habitat: Habitat is the local environment of an organism from which it gains its resources. 

It is often variable in size, content, and location and changes with the phases in 

an organism’s life cycle (Marsh, 2010). 
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Indicators: Indicators are measurements representing specific issues or concerns. If they 

do not specifically represent an issue, they are simply measurements, and of no 

concern to a monitoring program (Rempel et. al, 2004, pg.83). 

Infiltration: Infiltration is the downward movement of storm water from earth’s surface 

through soil (PGC, 1999). 

Methods: Methods are means or procedures used to advance a particular research 

systematically (Deming et. al, 2011, pg.3). 

Performance: Performance is the efficiency based on which landscape architectural 

projects react to environmental, economic and social factors and various 

sustainable features of the project fulfills its intended purpose then it is the 

performance of the project (LAF, 2013). 

Post Occupancy Evaluation: Post Occupancy Evaluation is the process of evaluating 

building or outdoor spaces in a systematic and rigorous manner after they have 

been built and occupied for some time. They provide insights into the 

consequences of past design decisions and the resulting performance. This 

knowledge forms a sound basis for creating better buildings in the future (Preiser 

et. al, 1988, pg.3). 

Research Fellows: Research Fellows in CSI Program are select faculty members with 

demonstrated interest or expertise in quantifying landscape benefits or 

performances. They develop methods for data collection, provide academic rigor, 

and receive funding to support a student research assistant (LAF, 2013). 

 

1.6 Research Methods 

Research uses qualitative techniques to assess the significance of environmental 

landscape performance indicators and methods in landscape architecture (Taylor and 
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Bogdan, 1998). This study primarily utilizes in-depth person-to-person interviews as a 

primary data collection method. The author engaged key informants - research fellows, 

research assistants and firm liaisons - who have participated in the CSI Program  - to 

support this research. This research also benefits from systematic literature review and 

content analysis of 62 case studies, to document and illustrate the environmental 

performance indicators and methods utilized by LAF’s Case Study Investigation Program. 

Grounded theory approach is adopted to analyze the data obtained through 

interviews. Themes and patterns are developed through this approach which defines 

each interviewee’s perception on the environmental landscape performance indicators 

and methods. In this qualitative research method, determination of the number of 

instances necessary to support a conclusion is always a judgment call by the researcher 

(Taylor and Bogdan, 1998). With this in mind, the interviewer utilizes open ended 

questions to allow for an in-depth discussion with interviewees. Theories and concepts 

are developed by coding and sorting the data obtained from interviews. Through the 

grounded theory approach, the researcher seeks to discover theories and concepts that 

are directly taken from the data (Taylor and Bogdan, 1998). 

Content analysis is the secondary qualitative research method adopted in this 

research where the researcher views data as representations of texts, images, and 

expressions that are created to be seen, read and interpreted for their contextual 

meanings (Krippendorff, 2004). An empirically grounded method is exploratory in process 

and inferential in intent (Krippendorff, 2004). This method is mainly applied to secondary 

data of environmental performance indicators and methods documented from the review 

of case study briefs published in LAF website (LAF, 2013). 
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1.7 Significance and Limitation of the Study 

Human interaction with the environment is inevitable as humans alter the 

environment to accommodate their needs for sustenance. It is important to make 

informed decisions regarding alterations to the environment such that one is better 

prepared for the consequences. Performance studies are significant in the field of 

landscape architecture because they convey the environmental, economic and social 

benefits of landscape architectural work. While collective and systematic review of 

multiple case studies illustrate the existing body of knowledge in this area, the 

perceptions of researchers, research assistants and firm liaisons inform future design and 

planning activities in landscape architecture on completion of performance studies. The 

significance of key indicators and methods result in additional case studies and projects 

which are based on a strong foundation of critical reasoning inclusive of researcher 

perceptions which are often considered subjective. This study will provide insights on 

various indicators and methods based on perceptions of researchers and firm liaisons. 

These insights can help a landscape architect design projects for high performance.  

The review of previous performance studies can also serve to inform the 

performance of a new project. If the performance prospect of a new project at the design 

stage is not favorable, the design can be altered to facilitate high performance upon 

completion. Over time, consistency in all case studies is achievable to an extent, by 

creating a fixed framework based on preferred indicators and methods extracted from this 

study. 

The purpose of the study is to assess the significance of environmental indicators 

and methods from the viewpoints of CSI participants, such that the findings from the 

study can be utilized in the professional realm of landscape architecture.  
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The study does, however, have certain limitations. Due to scope of the research 

and time allocated for this research it primarily focuses on indicators only concerning 

environmental factors. Although it is known and evident in the review of case studies that 

other factors, such as social and economic factors are extensively covered in CSI case 

studies, this research primarily focuses on environmental factors to produce in-depth 

understanding. It is also evident in this research that environmental, economic and social 

factors can be inter-related, to some extent, and can only be studied partially, if 

separated from others. The study also limits its focus to the perceptions of the CSI 

participants and does not include the perceptions of other researchers and professionals 

due to the concise scope of the study set forth earlier in the research.  

 

1.8 Summary 

The case study method and performance studies are gaining popularity in 

research and practice fields of landscape architecture as a result of Mark Francis’ 

seminal work in 1999. Environmental landscape performance indicators and methods 

play a crucial role among case studies in landscape architecture as the profession of 

landscape architecture is closely associated with environmental factors and sustainability 

(ASLA, 2007). By understanding case studies conducted as part of the CSI program and 

perceptions on environmental landscape performance indicators and methods from the 

participants, a better connection between researchers and professionals is established in 

terms of landscape performances.  

The format of this thesis is organized into five major chapters: 1) Introduction, 2) 

Literature Review, 3) Research Methods, 4) Analysis and Findings, and 5) Conclusions. 

The first chapter, Introduction, describes the purpose and the procedures of the research, 

and the significance of the environmental landscape performance indicators and 
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methods.  Chapter 2, Literature Review, focuses on various environmental landscape 

performance indicators, methods and landscape performance studies by focusing on 

LAF’ CSI program. Chapter 3, Research Methods, includes the qualitative methodology 

adopted to carry out the research as well as its significance and limitations. Chapter 4, 

Analysis and Findings, provides results from interviews with research fellows, research 

assistants and firm liaisons of their perceptions of environmental landscape performance 

indicators and methods The final chapter, Conclusion, summarizes the findings,  

discusses the significance of the findings, the relevance of the study to the profession of 

landscape architecture, and provides suggestions for future research. 
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Chapter 2  

Literature review 

2.1 Introduction 

The literature review begins with understanding the environment as an integral 

part of landscape architecture. The review further discusses environmental issues as 

being essential for landscape performance studies. An overview of the evaluation and 

post occupancy evaluation studies are also provided in this chapter. Some case studies 

are also examined to understand the integration of various environmental factors in their 

evaluation studies. Additionally, Landscape Architecture Foundation’s (LAF’s) initiative of 

creating a platform for performance research in landscape architecture with the help of 

Landscape Performance Series (LPS) and Case Study Investigation (CSI) Program is 

reviewed. All the case studies funded under the CSI Program (62 case study briefs) are 

catalogued and studied to document environmental indicators and methods considered 

for landscape performance research. Lastly, the literature review describes all the 

environmental landscape performance indicators and methods utilized in the landscape 

performance studies. 

 

2.2 Environment in Landscape Architecture 

The field of landscape architecture includes planning, designing, allocation and 

arrangement of land and water resources, through the creative application of biological, 

physical, mathematical, and social processes (ASLA, 2014). According to Steiner (1999) 

natural surroundings are often referred to as environment. However, in the field of 

landscape architecture environment is often referred to built environment which is 

typically designed, planned and created, by landscape architects. Landscape architects 

typically use their technical knowledge of allocation, arrangement and construction of 
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land and water resources to create built environments (ASLA, 2014). Landscape 

architects design grading and drainage, storm water management systems, pedestrian 

and vehicular circulation systems and many other systems to create a built environment. 

They protect and manage the natural environment such as forests, coasts, rivers, and so 

on while designing various projects as part of their stewardship towards environment. 

Landscape architecture also encompasses environmental education as it relates to 

human relationships with natural and man-made surroundings including pollution, 

resource allocation, depletion of natural resources, conservation, transportation, urban 

and rural planning and many others (ASLA, 2007). 

Landscape architecture promotes the interdependence between natural and built 

environments making environment an integral part of the practice and scholarship. 

Especially since the 1990s, the field of landscape architecture branches out to variety of 

specializations and have since been often included in multi-disciplinary projects in a 

greater capacity. Some of the specialized fields within landscape architecture are 

regional landscape planning, park and recreation planning, ecological planning, site 

planning and environmental planning (ASLA, 2014). This diverse set of specializations 

and project types often deal with natural resources, land and water, interaction between 

people and the natural environment making the environment a critical component in 

landscape architecture. Landscape architecture’s broadened scope of impact within the 

past two decades further re-affirms the importance of understanding the environment and 

environmental factors in the landscape architecture profession as a whole.  

Environment relates to things of natural origin in the landscape such as air, 

water, soil, plants, forests, animals, valleys, mountains and so on (Marsh, 2010, pg.4). 

However, this research refers to environment as factors which are impacting the natural 

environment due to various urban developments which are intervening in various natural 
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systems (geology, hydrology, climatology and so on). As landscape architects we design 

spaces and, in turn, we alter the natural systems. Altering the natural system impacts 

certain factors pertaining to the environment, like storm water drainage, carbon emissions 

or surface temperatures. These factors are referred as environment only for the purpose 

of this research. 

 

2.3 Evaluation and Performance Studies in Landscape Architecture 

Evaluation studies are limited to collecting, analyzing, interpreting, and 

communicating information about the effectiveness and functionality of various projects 

(Rossi et.al, 2004). Additionally, effectiveness is reviewed systematically and empirically 

through careful data collection, critical thoughtfulness and qualitative inquiry in evaluation 

studies (Patton, 1990). Performance studies are generally conducted to ascertain the 

intended performance of the features individually or landscape architectural project as a 

whole including environmental, economic and social factors. Landscape Performance 

Series initiated by LAF in 2010, includes case study briefs which focus on the 

performance study of various landscape architectural projects.  

In the past years, several studies have been conducted to understand various 

design and planning projects and issues in landscape architecture. Each of these studies 

utilize different research methods yet the goal for these studies was to systematically 

capture project’s performance information , and disseminate the information in the field of 

landscape architecture to influence future research and practice. A majority of these 

studies has informed the future of landscape architecture in various ways. This research 

included a comprehensive review of scholarly research in landscape architecture 

literature. The objective of studying these resources was primarily to review various 

components considered in performance studies, to determine how each study reflects the 
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knowledge obtained from similar studies done previously and to contribute in creating a 

broader knowledge base for the future. An attempt was also made to review studies from 

allied fields such as urban design, urban planning, real estate and architecture which are 

directly or indirectly related to the field of landscape architecture. Table 2.1 summarizes 

the reviewed performance studies in a tabular form and identifies the similarities and 

differences among them. Vital contributions are made through these performance studies 

because cumulative knowledge from these studies can be utilized in many ways.  
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Table 2.1 Summary of various performance studies  

The Social Life of Small Urban Spaces Value by desi gn : Landscape, Site Planning and Amenities 

Whyte, 1980 & 1988 Bookout, Beyard & Fader, 1994 

Studied indicators for plazas heavily used by people to be able 
to create guidelines for designing plazas for people 

Studied the extent to which landscape design and amenities 
add value to real estate development projects 

Research 
method Behavioral observations and mapping 

Research 
method 

Case studies & Interviews with developers; 
municipal agencies; users of the project - 
perspectives of each group necessary for 

balanced and objective findings 

  
Social 

indicators 
  
  
  

• Movement patterns in plazas   
Case studies 

selection 
criteria 

  
  

• Range of land use types 

• Diversity of activities in plaza 
• Integrated site planning, landscape 

design and amenities 
• Spots for conversations • Established projects for historical data 

• Number of people in plaza • Representing various geography 

• Standing patterns   
Indicators for 
value addition 
by landscape - 
for developers 

  
  

• Increased profit 

  
Physical 
design 

indicators 
  
  
  
  

• Sittable space • Competitive edge 

• Sun, wind, trees and water • Support for project 

• Food (snack bars) • Image, identity and community 

• The street 
Indicators for 
value addition 
by landscape - 
for residents  

  

• Landscape and amenities 

• The undesirables • Environmental sensitivity 

• Effective capacity • Passive amenities 

• Triangulation • Security, privacy, place 
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Table 2.1 - Continued 

 • Smaller cities and spaces  • Long term financial investments 

Zoning 
Resolutions by 

City of New 
York - 

guidelines 
created based 

on the 
behavioral 
studies and 
findings of 

study done by 
Whyte 

• Seating 
Indicators for 
value addition 
by landscape - 

for tenants 
  

• Amenity programs 

• Planting • Productivity, retention, enjoyment 

• Lighting   
Indicators for 
value addition 
by landscape - 

the larger 
community 

  

• Higher standard of quality 

• Retail Frontage 
• Protection of environmental resources 

• Circulation & Access (includes access for 
disabled) 

• Reduced need for public improvements 

• Elevation 
High quality landscape design and amenities create long term 

value for all groups 

• Maintenance 
Landscape and amenities influence the value to real estate 

developments in a limited way 

• Streets     

• Performance bond     
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Table 2.1 - Continued 

People Places : Post Occupancy Evaluation A Case St udy Method for Landscape Architecture 

Marcus and Francis, 1998 Francis, 1999 & 2000 

Provides design review checklists for urban plazas, 
neighborhood parks, mini parks and vest-pocket parks, campus 
outdoor spaces, outdoor spaces in housing for elderly, child car 

outdoor spaces and hospital outdoor spaces 

Introduced the definition of case study method for landscape 
architecture; the case study method is used in other 

professions 

The last chapter of the book explains about the Post 
Occupancy Evaluation and introduces why it should be done 

and explains situations where POE studies can be useful 
Similar efforts - (ongoing or in past) ULI Case studies 

Two levels of 
evaluations 

for the 
completed 
projects 

• Design criticism based on human needs 
(Evaluative method) 

Case study method adds value to - teaching, research, 
practice, theory building, criticism, outreach and communication 

• Post Occupancy Evaluation 
    

Evaluative 
method - 
activity 

observation 
and 

participant 
observation 

 

• Who? Where? What? 

Critical 
dimensions for 

case studies 
identified 

  

• Contextual information 

• Field notes • Roles of key participants 

• Be a participant observer and do an activity 
observation 

• Process 

• Recommend changes (reasonable changes 
- structurally possible) 

• Goals 

• Write an evaluation report • Key design concepts 

Components 
of report for 
evaluative 
method  

• Location and name • Use 
• Site plan • Maintenance and management 

• Brief description • Scale 
• Context • Time 
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Table 2.1 - Continued 

 

• Subjective participant-observation appraisal • Environmental sensitivity 

• Overall assessment  • Impact on infrastructure 
• Brief description of recommendations • Lessons learned  

• Sketch of recommendations • And others 

Post 
Occupancy 
Evaluation 
method - 

systematicall
y evaluating a 

designed 
space from 
user's point 

of view 
  

• Participant observation 
A format for 
case study 
suggested 

  
  
  
  
  
  
  
  
  

• Photos 
• Initial site observation • Project significance and impact 

• Functional subareas • Lessons learned 

• Signages • Cost and Size 

• Behavior traces • Site analysis 

• Activity mapping • Peer reviews 

• Interviews • Significance and uniqueness of project 

• Summary • User analysis 

• Analysis of Data • Criticism 

• Reports • And others 

Components 
of report for 

post 
occupancy 
evaluation 

method 
  

• Social and physical description of site and 
surroundings 

Example case 
studies as 

compiled by the 
author 

• Bryant park  

• Participant observation findings • The sea ranch 

• Summaries of interviews     

• Summaries of other data     

• Analysis     

• Conclusions     
• Problem definition     
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Table 2.1 - Continued 

Life between buildings How to study public life 

Gehl, 1987 & 2011 (revised) Gehl & Svarre, 2013 

Examines the relationship between patterns of space use, 
specifically outdoor activities and the spatial properties of the 

physical environment. 
Studies the interaction between public life and public space 

Research 
Method 

Systematically documenting the performance 
of urban spaces and analyzing what factors 

influence their use 

Objective of the book - inspire to take public life seriously in all 
planning and building phases and provide tools from specific 

examples 
Quantifies the levels of pedestrian flows, levels and length of 

stationary activity - including human contact and social 
interaction. 

Research 
Method 

Observations; public life studies can serve 
as an important tool for improving urban 

spaces  

Analyses the urban environment physical properties of human 
senses and social distances -  

'self -reinforcing' process 

Ask basic questions systematically and divide into 
subcategories to get specific and useful knowledge 

Spatial 
indicators for 

pedestrian 
flow 

• Building heights 

Basic questions 
to ask 

• How many?  

• Orientation of entrances • Who?  

• Multifunction areas • Where?  

• Active frontages • What?  

• Density • How long? 

• Pedestrian or cyclist 
various tools for systematizing and registering observations 

(indirect observations included) - to decide on tool important to 
consider the purpose of the study 

• Accessibility and visibility Various Tools 
used to study 

interaction 

• Counting 

Combination of moving and stationary activities • Mapping 
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Table 2.1 - Continued 

    

 

• Tracing 

    • Tracking 

    • Looking for traces 

    • Photographing 

    • Keeping a diary 

    • Test walks 

    

History and timeline of the public studies done earlier can be 
used in detail for present requirements 

    

Several examples from early years - methods were developed 
in early years to consider their use and further development for 

similar type of studies 
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2.3.1 The Social Life of Small Urban Spaces  

According to Whyte in The Social Life of Small Urban Spaces, New York City 

provided the builders with incentive to add 10sq. ft of commercial space if they provided 

10 sq. ft of plaza, since 1961. As a result, by 1972, there was a reasonable amount of 

plazas; however it was also observed that some plazas were crowded while some others 

were relatively deserted and unused. The concept behind this study was to learn why 

some plazas worked and some did not. Whyte’s study provided the basis for new building 

codes and planning requirements. (Whyte, 1980 &1988) 

Whyte studied human behavior in various plazas to identify indicators for heavily 

used plazas. The research method used was behavioral observations and mapping. The 

author set up time lapsed cameras at various locations and recorded plaza use patterns. 

He further studied the video recordings and described the various behaviors of people in 

plazas. Movement patterns in plazas, diversity of activities in plazas, spots for small 

conversations, number of people in plazas and standing patterns of plaza visitors are 

some of the behaviors observed. These behavioral patterns are social indicators which 

contributed to or diminished from the heavy use of plazas. In addition to the social 

indicators, the author also mentions critical physical design indicators of heavily used 

plazas. “Sittable” space, sun-wind-trees-water, food, views to the street, ‘the 

undesirables’ (homeless people, hippies and so on), effective capacity and triangulation 

are some of the physical design indicators. Optimal design of these physical design 

indicators encourages social interaction with the plaza. 

Based on the findings of the behavioral study, City of New York issued new 

Zoning Resolutions in 1975. The zoning amendments included specifications for seating, 

planting, lighting, retail frontage, maintenance and amenities to mention a few. The city 

also included performance bonds to ensure the mandatory planting, movable seating and 
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maintenance of the urban open space (Whyte, 1980). The bond requires building owners 

to correct failures in a stipulated time and the city enforces compliance if the building 

owner fails to ameliorate the issue. In conclusion, this performance study examined the 

drivers in heavy plaza use and based on the indicators, created a guideline which 

ensured ongoing performance of plazas. The study is significant in providing plaza use 

knowledge base for future generations of designers. 

2.3.2 Value by Design: Landscape, Site Planning and Amenities  

This book, Value by Design: Landscape, Site Planning and Amenities, authored 

by Bookout and others contain evaluation studies undertaken by members of the Urban 

Land Institute (ULI) with support from American Society of Landscape Architects (ASLA). 

The main objective of these evaluation studies was to examine the extent to which 

landscape design and amenities add value to real estate development projects. These 

evaluation studies are based on the hypothesis that “the projects that incorporate high 

quality landscape design and site planning are commonly believed to retain their value 

better” (Bookout et. al, 1994). The research methods adopted for these evaluation 

studies are case studies of selected projects and interviews with different stakeholders in 

the development of the project. The stakeholders include developers, municipal agencies 

and the users of the projects. There were four criterion set forth for selection of projects 

for case studies. They are: the projects should represent a variety of land use types; they 

should be established projects so that historical data of the projects is available; site 

planning, landscape design and amenities should be integrated; all projects should 

represent varying geographies. 

The findings from the evaluation studies include indicators for landscape 

architecture’s “value addition” to the project. These indicators are divided into four groups 

of stakeholders who directly benefit from the projects landscape design: the developers, 
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residents, tenants and the larger community. The indicators of the benefits to developers 

include increased profits, increased competition amongst developers, and an improved 

developer image or identity opportunity. The indicators of the benefits to residents include 

availability of good landscape and amenities, amenities for passive recreation, long term 

financial investment stability and a feeling of security and privacy. The indicators of the 

benefits to tenants include amenity programs and increased tenant retention in projects. 

The indicators of benefits to the larger community included a high standard of quality and 

better public improvements. The evaluation study concluded that high quality landscape 

design and amenities create long term value for all four groups and also influenced the 

overall value of the real estate development. Hence, it can be inferred that evaluation 

studies are used to confirm or contradict some of the assumptions prevailing in the field 

of real estate development.  

2.3.3 People Places: Post Occupancy Evaluation  

Variety of public spaces like urban plazas, neighborhood parks, mini parks, vest-

pocket parks, campus outdoor spaces, outdoor spaces in housing for elderly, child care 

outdoor spaces and hospital outdoor spaces are studied and reviewed in the book 

People Places authored by Marcus and Francis in 1998. Design recommendations and a 

design review checklist for all kinds of public spaces are provided. These 

recommendations and checklist are a result of post occupancy evaluation studies of 

existing outdoor spaces. Post Occupancy Evaluation (POE) studies are a systematic 

evaluation of a designed and occupied setting from the perspective of those who use it 

(Marcus and Francis, 1998). Preiser et. al (1988) mentions that because the POEs 

focuses on the user perspective, they provide knowledge from past design decisions 

which can form the basis for better design in future. 
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POE studies can be useful in an educational setting where knowing the 

perspective of users can inform design decisions. It is also useful for professionals when 

a project needs to be redesigned or a new project needs to be designed. In both 

professional and educational settings the user’s perspective is deemed essential. There 

are two levels of evaluation studies: the evaluative method based on design criticism and 

the POE method. The evaluative method includes activity observation and participant 

observation. In this method, one needs to be on site making field notes of who is doing 

what and where people tend to move and so on. It is important to be a participant in the 

activities while being an observer. Structurally possible design recommendations are also 

provided in the project evaluation report. This method relies mainly on observations and 

minimally on human interaction. The second evaluation method, post occupancy 

evaluation, includes participant observations, initial site observations, identifying the sub-

areas of the project, tracing a variety of behavior, activity mapping, interviews and 

analysis of the data gathered. Based on the information gathered, a report is compiled for 

the project. Some of the key components of the POE report are social and physical 

description of site and observation findings.. As mentioned earlier, these POE studies 

disseminate project performance as it relates to landscape architecture.  

2.3.4 A Case Study Method for Landscape Architecture  

Francis in A Case Study Method for Landscape Architecture introduces a 

definition of case study specifically for the field of landscape architecture and the 

development of the case study method is commissioned by LAF in 1997 (Francis, 1999 

and 2000). 

“The primary body of knowledge in landscape architecture is contained in 
the written and visual documentation. These cases provide the 
primary form of education, innovation, and testing for the 
profession. They also serve as the collective record of the 
advancement and development of new knowledge in landscape 
architecture” (Francis, 1999). 
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In the field of landscape architecture, case studies are becoming increasingly 

common to develop a knowledge base and to inform future design. They serve as a 

platform for collective record keeping of a project’s progress as well as key information of 

the project which can be shared with others in the profession.  

Case Studies produced by Urban Land Institute (ULI) since 1971 showcase 

various approaches and best practices in real estate and urban development (ULI, 2014). 

In past years, ULI Case Studies provided knowledge to not only the real estate sector but 

also to the field of landscape architecture. The Case Study Investigation (CSI) Program, 

as funded by LAF, is one of the ongoing efforts of building and collecting the available 

knowledge on one platform for the field of landscape architecture. The CSI Program is an 

adaptation of the case study format as suggested by Francis in this book. 

Francis’ book identifies the critical dimensions for case studies and outlines a 

suggested format for case studies in landscape architecture. Some of the dimensions for 

case studies which provide critical knowledge include contextual baseline information, 

roles of key persons involved, details of the process, goals and objectives of the projects, 

key design concepts, maintenance and management information, sensitivity to 

environment and its contribution to sustainability, and lessons learned. These project 

dimensions are critical because although some of the information may be unique to a 

project in its context, it may be also be useful in advancing the profession’s knowledge 

base, in general (Francis, 1999). The suggested format for case studies include three 

major aspects – project abstract, full project case study and in-depth contextual study of 

the project. The project abstract includes photographs, general project background, 

contacts and so on. Lessons learned, cost and size of the project, site analysis, peer 

reviews, user analysis, and criticism are some of the criteria to be analyzed in full project 
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case study. The in-depth contextual study of projects includes archival research, awards 

and honors received to the project, interviews with various groups and so on.  

In terms of methodology, case study analysis involves conducting the case study, 

analyzing results and disseminating knowledge gained. Objectivity is very important while 

developing case studies to avoid introducing bias to the case study (Francis, 1999). The 

case study method adds value to teaching, research and practice in the field of 

landscape architecture. In teaching, case studies provide insight into the past to 

successfully design the future. In research, case studies communicate about the 

advances of the profession at a larger scale. In practice, case studies guide the designer 

towards more successful projects by heeding past lessons. Since the book’s publication 

in 2000, the case study method is becoming more prominent with research initiatives like 

SITES and CSI Program by LAF and in the field of landscape architecture. 

2.3.5 Life Between Buildings  

According to Gehl in Life Between Buildings the relationship between patterns of 

space usage, especially for outdoor activities, and spatial properties of the physical 

environment is being examined in the performance study (Gehl, 1987 and 2011 revised). 

Systematically documenting the performance of urban spaces and analyzing the factors 

influencing the use of those urban spaces is the research method followed for the 

performance study. The method quantifies the levels of pedestrian flows, levels and 

length of stationary activities including human contact and social interaction. It further 

analyzes the physical properties of the urban environment based on the human senses 

(smell, hearing, seeing) and social interaction of humans with in urban spaces. Gehl’s 

(2011) concept about ‘self-reinforcing’ process suggests that an individual event 

stimulates the other events. The ‘self-reinforcing’ concept is similar to triangulation as 

mentioned by Whyte (1980) in his evaluation study of small urban parks. 
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“When someone begins to do something, there is a clear tendency for 
others to join in, either to participate themselves or just to experience 
what others are doing” (Gehl, 1987,pg. 75). 

Gehl (1987) also examines the spatial components for pedestrian flow to 

enhance or to reduce. These spatial components include building heights, orientation of 

entrances, multifunction and active areas, density, modes of transport (specifically 

pedestrian or cyclists), accessibility to the space and visibility of the space from its 

immediate surroundings. The conclusion of the performance study states that a 

combination of moving and stationary activities is needed for public spaces to function 

successfully. Static activities make people stop in urban public spaces while the physical 

elements make people spend time within these spaces (Campos, 2012).  

2.3.6 How to Study Public Life  

(Gehl and Svarre, 2013) 

According to Gehl and Svarre in How to Study Public Life, the main purpose of 

the social performance studies is to study the interaction between public life and public 

spaces. Multiple performance studies emphasize the importance of considering public life 

during the planning, design and build phases of a project. The specific examples 

mentioned in the book provide useful tools for conducting observation only performance 

studies.  

Asking basic questions like who and what form the basis of obtaining useful 

information as it relates to landscape performance. Usage mapping, user counts and 

maintaining a diary of space usage are identified as observational study tools.  For 

example, behavioral mapping is a useful tool to determine preferred standing locations in 

public spaces. 
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2.3.7 Summary of Performance Studies 

The environment is directly or indirectly an integral part of the performance 

studies reviewed in this section. The performance study on small urban parks by Whyte 

in 1988 is primarily focused on social factors; however, it considers environmental factors 

such as sun, shade, wind, water and vegetation, as well. These environmental factors 

directly affect the social factors for performance of small urban parks. Similarly the 

performance studies conducted by Gehl in 1987 and 2013 focused almost exclusively on 

social and public life yet it did consider the physical environment of a plaza or space.  

The study’s consideration of social and public life alongside the physical environment 

created a more comprehensive link between social life and performance.  

Additionally, the various case studies provided by Marcus and Francis (1998) in 

their book ‘People Places’ focus on the physical characteristics of the environment. The 

environment in these case studies is referred to as the built environment. The lessons 

from the case studies aided in the development of guidelines for creating a suitable built 

environment for certain project types. The performance study by Bookout et al (1994) 

examines the value addition to real estate projects by landscape design. The elements of 

landscape design the study primarily involves overall design and water features. Thus 

studying the value of landscape through the perceptions of different stakeholder groups 

directly affected by the landscape indirectly impacts the performance of the environment. 

The case study method developed by Francis in 1999, not only suggests a format to 

document case studies, but also lists some critical dimensions necessary to reflect the 

importance of environment in a landscape architecture project. This method 

comprehensively addresses the natural and built environments which make it the most 

widely adopted method in the field of landscape architecture. 
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2.4 Landscape Architecture Foundation (LAF) and  

Case Study Investigation (CSI) Program 

2.4.1 History and Background  

Landscape Architecture Foundation (LAF) was established in 1966 by Ian L. 

McHarg, John O. Simonds, Campbell Miller and other three notable landscape architects. 

Based on the declaration of concern, these landscape architects shared a common 

concern for the environment and its future which became the basis for forming the 

foundation. A sense of environmental crisis was felt which impelled them to improve the 

environment and to educate the next generations of landscape architects. The solution to 

the environmental crisis existed in a group of interrelated solutions. Skills from many 

professions are necessary to affect environmental stewardship; however, the vital 

contribution is by landscape architects. LAF identified a disconnect between 

environmental knowledge and practice and thus, introduced a program to mitigate this 

disconnect. The program included recruitment, education, research and a nationwide 

system for communicating the results of such research in an attempt to set good 

examples for upcoming generations of landscape architects and complimentary 

professions (LAF, 2014)  

The mission of LAF focuses on preservation, improvement and enhancement of 

the environment to achieve sustainability by investing into research and scholarship 

(LAF, 2014). LAF influences the profession of landscape architecture through three major 

philanthropic avenues: Research, Scholarship and Leadership. Research assists in the 

dissemination of knowledge, scholarship supports the cultivation of the next generation of 

landscape architects and leadership strengthens the profession for future challenges. 

Since 1986, $1.8 million dollars have been invested in research initiatives and more than 

$900,000 dollars have been awarded in scholarships and fellowships by LAF (LAF, 
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2012). In terms of leadership, LAF collaborates in a Leader’s Roundtable every year, 

where professional leaders gather and discuss emerging trends in landscape 

architecture. Apart from the Leader’s roundtable, LAF also collaborates in Xtreme LA 

which is an intense 2-day design charrette which supports the development of future 

stewards of the environment in the profession of landscape architecture (LAF, 2011). 

Among the many research initiatives undertaken by LAF, Landscape 

Performance Series (LPS) and Case Study Investigation (CSI) are the core programs. 

LAF launched LPS in September 2010 with the intention of creating an online interactive 

set of resources and tools to evaluate the performance of landscape projects. The four 

tools available as part of the LPS include, case study briefs, benefit toolkits, fast facts 

library and scholarly works  These tools help correlate the best practices from research, 

professionals and academics. Case study brief, one of the tools from LPS, is the final 

product of CSI Program. 

The research initiative of the CSI Program provides a unique opportunity for 

collaboration amongst academics, professionals and researchers. LAF develops teams 

which include design professionals, faculty researchers and students to document the 

benefits of exemplary landscape architecture projects. Faculty members with an 

expertise or an inclination towards quantifying the benefits of landscape projects are 

selected to lead teams as Research Fellows. LAF funds Student Research Assistants 

who assist in evaluating the performance of landscape architecture projects. Firm liaisons 

are selected by LAF based on the quality of the project and availability of information 

about the project.  

LAF commenced a new 10 week CSI Program during the summer of 2011. Three 

CSI Programs have been conducted to date and the fourth CSI Program is currently 

ongoing. The majority of the participants of CSI 2011 indicated that the duration of the 
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program is insufficient to produce rigorous research. Hence, LAF increased the duration 

of the CSI Program to 20 weeks from the previously offered 10 week with the expectation 

of gaining better data and insight into the benefits of certain landscape projects.   

2.4.2 Overall Framework and Research Objective of CSI Program 

The CSI program typically requires teams to provide LAF with case study briefs 

of the assigned landscape architecture projects in three major categories – general 

project information, project details and project images. The general project information 

includes project team, land use, project type and size, completion date/year, budget and 

role of landscape architect information. The project details comprises of sustainable 

features, challenges and solutions, cost comparisons, lessons learned, methodology and 

landscape performance benefits. The project images consist of before and after images, 

traditional or sustainable images, site plan images and additional images supporting the 

project details. The case study brief prepared by the team then goes through a blind peer 

review process and upon publication; the case study brief is included in the Landscape 

Performance Series.  

The research objective of LAF to initiate the CSI was to support the design firms 

in assessing and documenting the performance of the landscape architecture projects 

(LAF, 2012). The ultimate goal of CSI is to quantify the performance benefits of 

landscape architectural projects. A CSI 2011 participant mentioned that:  

“.........educating about landscape performance is a critical component of 
good landscape architecture curriculum, because that is ultimately what 
we want to achieve as designers (LAF, 2011, pg.8).” 

CSI Program acts as a catalyst in encouraging the profession of landscape architecture 

to grow with each project designed with a specific objective, the data related to 

performance collected and integrated in to design education.  



 

32 
 

In order to achieve the goals and objectives of the CSI program, the teams 

quantify various performance benefits of landscape architectural projects. The landscape 

performance benefits are evaluated in three different dimensions – environmental, 

economic and social. The landscape projects offer opportunities for considering one or 

many design dimensions to increase the performance of the projects. According to Lovell 

and Johnston (2009), the landscape projects which focus on only one dimension might 

not have a large impact on the performance of the project. However, when all three 

dimensions are intentionally considered in project design, the performance of the 

landscape project makes a significant impact on the overall project. Hence, collectively 

environmental, economic and social dimensions become very significant in affecting and 

evaluating the performance of landscape architectural projects. 

As part of the strategy of the LAF Founders, research is an integral part for 

solving the environmental crisis. The major research focus of LAF is to address the 

complex environmental problems faced in the world today. In conjunction with 

environmental concerns by LAF founders and with the mission statement of LAF, the 

research specifically focuses on environmental landscape performance indicators and 

methods. 

2.4.3 Review of Case Study Briefs from CSI 2011 to CSI 2013 

By the end of January 2014, there were a total of 79 case study briefs published 

under the Landscape Performance Series. Among the 79 case study briefs, 17 case 

study briefs were not funded by LAF under the CSI Program; hence 62 case studies were 

funded by LAF’s CSI Programs and were reviewed to catalogue the environmental 

landscape performance indicators and methods. The case study briefs reviewed here 

include 22 case study briefs from CSI 2011, 17 case study briefs from CSI 2012 and 23 

case study briefs from CSI 2013.  
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Figure 2.1 Overview of case study briefs' review 

 

A detailed review of 62 case study briefs documented the environmental 

indicators and methods used to quantify performance benefits as they relate to 

environmental factors (See Appendix A). A content analysis technique is adopted while 

reviewing the case study briefs. Krippendorff (2004) mentions content analysis technique 

as an empirically grounded method, exploratory in process and inferential in intent. 121 

environmental performance indicators and 201 methods were documented and themes of 

environmental landscape performance were identified from the systematic review of the 

case study briefs (See Appendix B and C).Common themes for environmental landscape 

performance indicators and methods emerging as a result of content analysis are 

outlined below: 

• Themes of Environmental Landscape Performance Indicators and Methods 

o Carbon Footprint  

o Ecology/Biodiversity  

o Flood (Flood plain, watershed and others) 
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o Habitat/Species Diversity  

o Others/Special/Project specific  

o Pollution  

o Preservation/Restoration  

o Recycle/Reuse/Repurpose  

o Storm Water Management  

o Temperature  

o Water Quality  

o Water usage/Irrigation needs  

2.4.3.1 Themes of Environmental Landscape Performance Indicators and Methods  

There are a total 121 environmental performance indicators and 201 methods 

identified from the review of the 62 case study briefs. The following description of 

individual themes provides an overall understanding of various indicators included in 

respective themes. A detailed list of environmental indicators and list of methods 

corresponding to the respective themes is available in Appendices (Refer to Appendix B 

for indicators and Appendix C for methods). 

Others/Special/Project specific: This theme includes 26 indicators and 30 various 

methods. The indicators in this theme are very project and use specific. For example, the 

environmental indicator for increased wine production based on growing conditions is 

specific to winery projects. The theme also includes some other indicators relating to use 

of photovoltaic panels, organic fertilizers, grey water and the Biomass Density Index of a 

specific project. 
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Figure 2.2 Use of greywater  

(Image source: LAF, 2014) 

 

Figure 2.3 Electricity generation – photovoltaic panels  

(Image source: LAF, 2014) 

 

Recycle/Reuse/Repurpose: This theme includes 16 indicators and 21 various 

methods. The indicators in this theme focus on the benefits obtained by recycling or 

reusing certain materials available on site. The theme highlights benefits obtained by 

preventing waste material from entering landfills and increased carbon emissions by 

minimizing material transportation through re-use and repurposing practices on a site. 
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Figure 2.4 Recycle materials available on site 

(Image source: LAF, 2014) 

 

Figure 2.5 Repurpose and/or reuse concrete  

(Image source: LAF, 2014) 

 

Habitat/Species Diversity: This theme includes 16 indicators and 18 various 

methods.  Some of the indicators in this theme relate to the habitat for specific species, 

like trout, while some other indicators focus on the creation of habitat or improvement of 

habitat for various species. This theme also includes the indicators for improved habitat 
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of migratory birds and population recovery of epibenthic invertebrates. Species diversity 

and habitat are grouped within one theme as they are inter-related. 

 

Figure 2.6 Habitat improvement for frogs  

(Image source: LAF, 2014) 

 

Figure 2.7 Population increase in epibenthic invertebrate  

(Image source: LAF, 2014) 

 

Storm Water Management: This theme includes 16 indicators and 37 various 

methods. The indicators in this theme primarily focuses on the storm water related issues 
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such as peak flow rate, run-off volume and flow rate. Onsite storm water containment and 

Best Management Practices (BMPs) are also discussed in this theme.  Such practices 

mitigates water from entering the combined sewer system and affect downstream 

environmental habitats. In general, the interception of storm water with the help of tree 

canopies and removal of pollutants from storm water run-off with the use of various BMPs 

is also included in this theme along with many other indicators pertaining to storm water 

management. 

 

Figure 2.8 Storm water captured in cisterns  

(Image source: LAF, 2014) 

 

Figure 2.9 Storm water managed through BMPs  

(Image source: LAF, 2014) 
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Carbon footprint: This theme includes 9 indicators and 20 various methods. 

Indicators relating to the carbon emissions either directly from transportation vehicles or 

indirectly by avoiding the use carbon generating machines such as lawn mowers are 

included in this theme. Carbon sequestered with the help of trees or reduced 

consumption of fuel are also considered in this theme. Storage of carbon in the plant 

material is also considered as an environmental benefit as hydro-carbon and mono-

carbon emissions are indirectly prevented. 

Flood (Floodplain, watershed and others): This theme includes 8 indicators and 8 

various methods. Changes in the flood storage capacity of bayous, streams, rivers or 

channels are some of the major indicators in this theme. This theme also includes the 

changes in surface flooding conditions of projects along with changes in water velocity 

during flooding conditions. On a regional scale, the flood theme encompasses the use of 

BMPs and its impact on changes in floodplain footprints.  

 

Figure 2.10 Change in flood storage capacity  

(Image source: LAF, 2014) 
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Preservation/Restoration: This theme includes 7 indicators and 7 various 

methods. Preserving the habitat for endangered species or existing trees on site are 

indicators included under this theme. Preserving and restoring woodlands and vegetation 

for their cultural significance and native vegetation and wetlands to benefit habitat, plant 

diversity, and species diversity are included in this theme.  

 

Figure 2.11 Restoring trees for cultural significance  

(Image source: LAF, 2014) 

 

Water usage/Irrigation needs: This theme includes 7 indicators and 27 various 

methods addressing water usage in the landscape. This theme includes indicators of 

potable water or irrigation water for irrigation needs only. A reduction in the use of 

irrigation water through the use of native plants which require less irrigation water is main 

indicator in this theme. Some of the projects eliminated the use of potable water by 

harvesting rain water and using the rain water for irrigation.  

Pollution: This theme includes 6 indicators and 8 various methods related to air 

pollution, water pollution and noise pollution. Reduction in air pollutants such as nitrogen 

oxide and a reduction in noise pollution by increased tree plantings and creating buffers 

between spaces are two indicators for air and noise pollution, respectively. The removal 
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of water pollutants or treating the water with BMPs and reducing contaminants from 

storm water runoff are two major indicators for water pollution. 

 

Figure 2.12 Reduction in pollution and temperatures by planting trees  

(Image source: LAF, 2014) 

 

Temperature: This theme includes 5 indicators and 9 various methods consisting 

of indicators related to surface temperature, ambient temperature and air temperature. It 

also includes the changes in temperature measurements on hard surfaces (paved or 

asphalt surface) vs. soft surfaces (vegetated surface).  

Ecology/Biodiversity: This theme only deals with two indicators - ecological 

integrity and ecological quality of a landscape architecture project.  These indicators 
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calculate a value related to the ecological diversity and integrity of a project. This can be 

easily calculated with the help of a tool called Plant Stewardship Index – PSI Calculator. 

 

 

Figure 2.13 Increase in ecological integrity and quality  

(Image source: LAF, 2014) 

 

Water quality: This theme includes 2 indicators and 13 various methods. Water 

quality as a whole can be included in the storm water management theme but is 

considered as a separate theme here because it consists of changes in the physical 

characteristics of the water and PH levels which enhance the habitat for numerous 

species.  
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Figure 2.14 Water quality changes – changes in PH levels  

(Image source: LAF, 2014) 

2.4.3.2 Additional Categories for Methods: 

201 methods as documented are additionally classified into six different 

categories based on the type of data used to analyze and quantify various environmental 

indicators. This categorization of individual methods is done to inform about various 

approaches in establishing a method. This categorization of methods informs about the 

type of data used in 62 case study briefs published by LAF.  

 

Table 2.2 List of standard known methods and tools used in LAF 

List of standard known methods List of tools 

NRCS Curve number method Plant Stewardship Index (PSI) 

Hydro CAD - storm water modeling Air Quality Calculator 

Hydro CAD - watershed modeling National Tree Benefit Calculator 

TR 55 method i-Tree Ecov5 

XPSWMM Hydrologic model Construction Carbon Calculator 

Rational Method Waste Reduction Model (WARM) Calculator 

Biofiltration and infiltration equations ALG Carbon Calculator 

  Original Green Values Calculator 

  Vegetable Garden Value Calculator 

  Grow your own vegetables calculator 

  Solar Roof Index (SRI) Calculator 
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Apart from the type of data, Table 2.2 provides a list of standard known methods 

and tools used in LAF’s case study briefs. The additional categories for methods include: 

o Standard known methods  

o Tools 

o Design Strategy  

o Analysis of primary data 

+ Data as obtained from site observations 

+ Data as obtained from samples collected on site 

+ Data as obtained from key informant 

+ Data as obtained from drawings provided by firm 

+ Data as generated by team by common sense 

o Analysis of secondary data 

+ Data as mentioned in other reports or documentations 

+ Data with details like description of data, source of data 

+ Data with no details 

o Combination of two or more methods 

+ Within categories 

+ Within categories and sub-categories 

+ Within sub-categories 

 

2.5 Summary of Literature Review 

This chapter describes the importance of environment in landscape architecture 

and studied critical environmental factors. A review of various evaluation and 

performance studies in landscape architecture is conducted to understand how the 

knowledge gained from these studies is helpful for designing as well as understanding 
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landscape architecture performance indicators and methods. The review also 

emphasizes completed studies from various allied fields in order to understand the 

application of those studies in a broader range of professions. Case study briefs 

published by LAF are reviewed and documented for environmental performance benefits 

(Appendix A). Environmental indicators and methods are documented and categorized 

from these case studies (Appendices B and C) creating a knowledge base which is useful 

for deriving findings and conclusions for this research. The knowledge base can also be 

used in various ways in landscape architecture scholarship, practice and/or education. 

Finally, the chapter concludes by reviewing the environmental landscape performance 

indicators and methods used in case studies published by LAF under the CSI Program. 

The next chapter, research methodology, discusses the data collection methods and 

analysis procedures used to derive perceptions of CSI participants, and the significances 

of the environmental landscape performance indicators and methods noted above. 
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Chapter 3  

Research Methodology 

3.1 Introduction 

The research primarily focuses on reviewing and assessing the significance of 

environmental landscape performance indicators and methods using qualitative research 

methods. The goal is to understand the perceptions of research fellows, research 

assistants and firm liaisons who were formally involved in the CSI Program since its 

inception in 2011. Based on their experience with Landscape Architecture Foundation 

(LAF), each key informant shares their critical understanding and opinion on various 

environmental landscape performance indicators and methods used to evaluate the 

performance of the various landscape architecture projects.  

This chapter specifically describes the research design, study population, data 

collection and analysis, as well as, methodological limitations and delimitations 

influencing the methods, findings and conclusions. The chapter also reviews the literature 

that informs procedures followed in this research - grounded theory approach (Taylor and 

Bogdan, 1998) and content analysis technique (Krippendorff, 2004) 

 

3.2 Research Design 

The strategy for this research is derived from a specific focus on the 

environmental landscape performance indicators and methods used in the LAF’s Case 

Study Investigation (CSI) Program. The methodological underpinning of the research is 

influenced by qualitative methods. First, a systematic review of the case studies 

published as part of the CSI Program from 2011 to 2013 is conducted. Then the 

underlying strategies to obtain the perceptions for the study were to conduct in-depth 

interviews with CSI participants and to perform content analysis on the case studies. The 
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data obtained by both methods were later compared and analyzed to derive conclusions 

of the study. Figure 3.1 illustrates the procedures adopted in this research. 

 

 

Figure 3.1 Research design and analysis procedures 

 

This study primarily uses qualitative research techniques to answer the research 

questions set forth by the author. The study uses the grounded theory method (Taylor 

and Bogdan, 1998) and content analysis (Krippendorff, 2004) as primary research 

techniques. The study utilizes in-depth interviews (Taylor and Bogdan, 1998) and 

systematic review of case study briefs as methods for data collection. The in-depth 

interview method uses open-ended questions which makes the data collection flexible 

and dynamic. Taylor and Bogdan (1998) also refer to the in-depth interviewing method to 

be non-directive and unstructured. The researcher uses this method as medium for data 

collection because as it allows the researcher to understand concepts from the key 

informants’ point of view. Since the study is directed towards understanding the 

perspectives of the informants, such as their opinions and critical understanding of the 

environmental landscape performance indicators and methods, in-depth interviewing 
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enables them to express freely -in their own terms - as the questions are open-ended 

(Krippendorff, 2004). 

 

3.3 Study Population 

This research reviews of case study briefs published by Landscape Architecture 

Foundation (LAF) as a result of Case Study Investigation (CSI) Program from 2011 to 

2013. The CSI Program is a fairly new endeavor and has generated numerous case 

study briefs. The case study briefs are outlined based on the case study method 

developed by Francis in 1999. Since all the case study briefs are documented in the 

same format, it is convenient for the researcher to focus only on the environmental 

performance indicators and methods in reviewing the case study briefs. Also, the case 

study briefs encompass various project types which is an asset because that way no 

project type is omitted from the systematic review. 79 case study briefs have been 

published on the website of LAF but only 62 case study briefs are produced as a result of 

CSI Programs from 2011 to 2013. 

It is vital to this study that participants for the research be identified based on 

their experience with CSI Program as the researcher is assured the study participants are 

best informed about the research topic. Also, it becomes very crucial to understand the 

perspective of the CSI Participants based on their particular roles on the team. CSI 

participants are already divided into three sub-groups – Research Fellows, Firm Liaisons 

and Research Assistants. Thus, CSI participants are identified as the study population for 

obtaining data for this research. 
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3.4 Data Collection Methods  

Data collected for this study is comprised of in-depth interviews as a primary 

method and systematic review of literature as a secondary data collection method. The 

objective is to understand the perspectives of the participants as they provide their critical 

understanding and opinions based on their LAF experience. The secondary method of 

reviewing literature (62 case study briefs) is also considered in the research. Content 

analysis technique applied to review the case study briefs and grounded theory method 

applied to the data collected from the in-depth interviews will enable the researcher to 

compare and contrast data to support the study conclusion.   

3.4.1 Interviews  

3.4.1.1 Selection of Interviewees 

The selection of interviewees is primarily driven by the goal of the research: to 

assess the significance of environmental landscape performance indicators and methods 

in landscape architecture. The perception and significance of the indicators and methods 

is better justified by the informants experienced with performance studies in landscape 

architecture. There is an obvious advantage in the selecting the interviewees based on 

their experience as they have experience in performance studies and can provide a more 

in-depth understanding, perception and opinion as it relates to performance indicators 

and methods.  However, there is an equal amount of disadvantage to this type of 

selection as it may include bias of the informants towards the performance studies 

conducted by themselves and their teams. 

A simple random sampling technique is undertaken in this research as part of the 

process of selection of interviewees. Castillo (2009) mentions that the population for 

research is generally a large collection of individuals who are familiar with the main focus 

of the study. A researcher needs to enumerate all the sampling units in order to draw a 
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random sample (Krippendorff, 2004). Hence, a master list of CSI participants, the 

research population, was enumerated by the researcher.  

 

Figure 3.2 Simple random sampling technique  

(Image source: explorable, 2014) 

 

The simple random sampling technique has some advantages and 

disadvantages just as some other sampling techniques. Unlike the snowball sampling 

technique, the random sampling technique is considered fair for selection as every 

member of the population is given equal opportunity for being selected (Castillo, 2009). 

However, the disadvantage of this sampling technique is an incomplete list of the 

population (Castillo, 2009). In order to overcome this disadvantage, the population was 

sub-divided into three sub-groups – research fellows, research assistants and firm 

liaisons. According to Castillo (2009), if the population had many individuals and where a 

primitive random selection like picking the name from a hat is not feasible, a computer-

aided random selection should be preferred. A random sampling selection in separate 

sub-groups was done through the computer program Microsoft Excel. The interviewees 

were recruited in the order of the randomized list generated by the program. 
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3.4.1.2 Interview Procedures 

Interviews were digitally recorded at the time of interview. Consent from the 

interviewee was obtained before beginning the in-depth interview. Later, the interviews 

are transcribed, translated and the recordings of the interviews are destroyed. The 

identity of the interviewees is protected and identifying information is not revealed to keep 

the anonymity of participants. An approval from the Institutional Review Board (IRB) is 

required for this data collection method, which was acquired on February 07, 2014, prior 

to recruitment of interviewees (See Appendix D). A brief introduction of the researcher 

and the study is given to the interviewee followed by the interview questions.  

3.4.1.3 Interview Questions 

The interview questions are prepared to understand three major thematic areas 

highlighted in the research questions. The interview questions are organized into three 

categories: profile questions, in-depth interview questions and additional questions. The 

first category of the questions focuses on the profile of the interviewee. The second 

category focuses on the in-depth questions about the opinions, views, critical 

understanding of environmental landscape performance indicators and methods. The 

third category of the questions consists of additional questions which enable the 

researcher to probe the respondents for specific descriptions of their perspectives and 

more details on the response provided (Taylor and Bogdan, 1998). The third category is 

used after the planned in-depth interview questions are asked. 

 

Profile Questions 

1. What is your educational background? 

2. What is your professional background? 
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3. How long have you been involved in landscape architecture practice and/or 

education? 

4. Were you involved in any kind of rigorous performance evaluation, and/or post 

occupancy evaluation of landscape architecture projects, prior to Landscape 

Architecture Foundation’s (LAF) Case Study Investigation (CSI)? (Please 

explain.) 

 

In-depth Interview Questions  

1. What landscape performance indicators did your team use to evaluate 

environmental benefits of the projects in your LAF Case Study Investigation? 

(Please explain.) 

2. What other landscape performance indicators do you consider essential to study 

environmental benefits of a landscape architecture project? (And why?) 

3. What methods/procedures did your team utilize for evaluating environmental 

benefits in your LAF Case Study Investigation? (Please explain.) 

4. What other methods do you consider essential to study environmental benefits of 

a landscape architecture project?  (And why?) 

5. In your view, does LAF’s CSI Program influence the understanding of 

environmental issues/factors in landscape architecture research and practice? 

Please explain how. 

6. Is there anything else you want to add? 

 

Additional Interview Questions (asked only if follow up was needed) 

1. Please explain the strengths and weaknesses of these indicators used to 

evaluate environmental benefits of the projects. 
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2. Please explain why do you think these other indicators are essential to 

understand environmental benefits of a landscape architecture project? 

3. Please explain the strengths and weaknesses of these methods/procedures 

utilized to evaluate environmental benefits of projects. 

4. Please explain why do you think these other methods/procedures are essential to 

understand environmental benefits of a landscape architecture project? 

5. Please explain how does LAF’s CSI Program influence the understanding of 

environmental issues/factors in landscape architecture research and practice? 

6. What are your thoughts on future of landscape performance research and its 

relation to landscape architecture professionals? 

 

3.4.2 Review of Case Study Briefs 

A systematic literature review is also considered as the first step data collection 

method in this research. The detailed review of 62 case study briefs, as identified in the 

study population section of this chapter, is completed and documented. The review first 

identifies all the performance benefits related to the environmental factors. Based on 

those environmental performance benefits, environmental performance indicators and 

methods are documented. These documented environmental landscape performance 

indicators and methods are secondary data collected from the systematic review of case 

study briefs (See Appendix A).  

 

3.5 Analysis Procedures 

The recorded interviews were later transcribed, to obtain the data for analysis. 

Analyses of the obtained data used the grounded-theory approach as mentioned by 

Taylor and Bogdan (1998). The researcher seeks to discover theories, concepts, 
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hypotheses and propositions from the collected data and not from the other research, 

theories or priori assumptions. (Taylor and Bogdan, 1998, p137). In order to get the 

concepts and themes the researcher must read the interview transcriptions multiple 

times. 

Recordings of the interviews assisted the researcher to keenly follow the 

responses and add more depth to the research. The researcher remembered each and 

every aspect of the interview starting from the tone of the respondent to the opinion of the 

respondent on the discussion topic. A conscious effort was made to not interrupt the 

conversation with opinions and bias from the researcher. It is very important for the study 

to obtain the perspectives of the informants as error free and clear of biases as possible 

so the findings can be grounded more firmly.  

Additionally, the content analysis technique is also adopted in the research. 

Krippendorff (2004) mentions content analysis technique as an empirically grounded 

method, exploratory in process and inferential in intent. The researcher completed 

content analysis on data obtained through systematic review of the case study briefs. The 

themes obtained from literature review are utilized to support and compare the findings 

from the interviews. The researcher examines the similarities (to support) and differences 

(to compare) between the themes and patterns obtained from interviews and literature 

review. The researcher also looks for viewpoints of the researchers and firm liaisons 

based on the data obtained from interviews. The categories and themes gathered 

through both techniques were utilized in the findings and the conclusions to respond to 

the research questions of the study. 
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3.6 Significance, Limitation, and Delimitations 

The methodological significance of the research is the ability to comprehensively 

derive the findings from multiple data sources. The combination of the grounded theory 

method and content analysis technique supports greater validity of the findings as they 

relate to the research questions posed. Since the research population is defined and a 

simple randomization is undertaken for interviews, statistical results can also be obtained. 

However, the study limitation lies in the lack of representation of one sub-group 

of informants – research assistants. The research assistants were students when they 

participated in the CSI Program but graduated thereafter. The contact information 

associated for them as students was either no longer valid or was not available publicly. 

However, some research assistants were contacted but the response was not well 

received. Therefore, the researcher is limited to interview with two sub groups which 

comprise approximately 75 percent of the research population. In this method, 

interviewees are assumed to have the best knowledge about the research topic and 

related issues based on their exposure to the subject. The experience of interviewees 

with the CSI Program is an asset to the research provided personal bias plays no role in 

their responses.  

Phone interviews have their own limitations as a method for collecting data. The 

researcher has limitations in observing and noting certain gestures and signs of personal 

bias as the interviewee responds to interview questions. It is extremely difficult for the 

researcher to identify this bias during a phone interview. The researcher made a 

conscious effort to contact the whole population for interviews; however their willingness 

to participate and share their perceptions and opinions was not in the control of 

researcher. 
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While 79 case study briefs have been published by LAF up to date, the 

researcher delimitated the study to only 62 case study briefs. The other 17 case study 

briefs which are excluded from the research are not published as a result of the CSI 

Program and thus have not undergone the same rigorous process as other 62 case study 

briefs. 

 

3.7 Summary 

The objective of this research was to obtain the perspectives of research fellows, 

research assistants and firm liaisons who were involved in CSI Program in order to 

review and assess the significance of environmental landscape performance indicators 

and methods. In addition to comprehensive case study review, open-ended in-depth 

interviews were designed and affected to obtain the qualitative data which includes a 

variety of responses. The responses were analyzed and emerging themes were identified 

to relate to the research questions of the study. The themes and patterns derived from 

literature review are intended to be complimentary to data from interviews. The following 

chapter provides detailed analysis and findings to the interview questions and research 

questions as outlined earlier in the chapter.  
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Chapter 4  

Analysis and Findings 

4.1 Introduction 

This chapter focuses on the analysis and findings of data gathered through 

interviews. Data collected from the interviews were transcribed and analyzed with the 

grounded theory approach as outlined by Taylor and Bogdan (1998). The findings from 

the literature review of 62 case study briefs are used as baseline information prior to 

analysis of the interviews. The analysis of interviews focus on: (1) themes of 

environmental landscape performance indicators and methods, (2) views of CSI 

participants about the rigor of environmental indicators and methods, and (3) the 

influence of CSI program.  

 

4.2 Interview Participants’ Profile 

As discussed in Chapter 3, the participants for interviews were derived from a 

master list of CSI participants as enumerated by the researcher. The master list was 

divided into three sub-groups – research fellows, research assistants and firm liaisons. A 

simple random sampling was undertaken separately on each sub-group of CSI 

participants. Thereafter, either recruitment emails were sent out or recruitment phone 

calls were made based on the order of the randomized lists (See Appendix H). The 

researcher obtained confirmations through email or phone calls from CSI participants. 

With the consent of each interviewee, the researcher conducted remote telephone 

interviews, which were recorded and transcribed by the researcher. The researcher 

analyzed the interviews from the transcriptions using the grounded theory approach 

(Taylor and Bogdan, 1998). The researcher conducted interviews with seventeen CSI 

participants who were involved in one or more CSI Programs and produced case study 
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briefs of exemplary landscape architecture projects. Participants in this research 

comprised of seven research fellows (RF) and ten firm liaisons (FL). As it is stated earlier 

there was no participation among student researchers/assistants.  

 

Figure 4.1 Participants' profile 

 

The detailed profile of the seventeen participants is depicted in a graph(See 

Figure 4.2) and is described as follows: (1) fourteen participants (seven research fellows 

and seven firm liaisons) have a  landscape architecture educational background; (2) 

fourteen participants (seven research fellows and seven firm liaisons) had their 

professional landscape architecture background; (3) twelve participants (four research 

fellows and eight firm liaisons) have been  involved in landscape architecture for more 

than ten years ranging from twelve years to thirty-five years; (4) five participants (three 

research fellows and two firm liaisons) have been involved in landscape architecture for 

less than ten years ranging from three years to ten years; (5) eight participants stated 

they were involved in rigorous performance evaluation studies prior to the CSI program. 

The researcher interviewed seventeen participants to understand their perceptions on 

environmental landscape performance indicators and methods. 
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4.3 Findings from Interviews 

The researcher used the grounded theory method to identify categories from the 

interview data collected (Taylor and Bogdan, 1998). Following this method, themes 

emerged from reading and re-reading the interview transcripts until no more themes 

emerged. Taylor and Bogdan (1998) mentioned that to determine the number of 

instances in qualitative research and to support a conclusion or interpretation, there are 

no specific guidelines that are required to be fulfilled especially for the amount of data 

obtained.  

The themes emerging from the analysis of the interview transcripts are outlined 

under this section; however there are some overlaps with the themes already identified 

as part of literature review. If interviewees mentioned a specific indicator which can be 

included under themes identified from the literature review, then the theme has an 

overlap in findings from interviews and literature review. This is explained in more detail 

later in the chapter under combined themes. The themes on environmental landscape 

performance indicators and methods obtained from interviews are outlined below. 

• Themes of Environmental Performance Indicators and Methods 

o Air Quality 

o Habitat/Wildlife 

o Soil 

o Storm water management 

o Vegetation 

• Additional Findings on Procedures 

o Tools/Models/Standard known methods 

o Various approaches to establish a method 

o Others 
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Interviews also produced viewpoints of CSI participants and denote the influence 

of the CSI Program on the understanding of environmental factors/issues. These findings 

are reviewed based on the perceptions of a sub-group of respondents. The findings 

pertaining to the perceptions are outlined as follows and discussed in detail further in the 

chapter. 

• Views of CSI Participants 

o Research Fellows 

+ Views on environmental performance indicators 

+ Views on methods 

o Firm Liaisons 

+ Views on environmental performance indicators 

+ Views on methods 

• Influence of CSI Program 

o Research Fellows 

o Firm Liaisons 

4.3.1 Environmental Performance Indicators and Methods 

4.3.1.1 Environmental Performance Indicators 

This section discusses the environmental performance indictors utilized by CSI 

participants as discussed briefly during interviews. The findings from the interviews 

mainly illustrate that some of the themes of indicators overlapped with the findings from 

the review of the 62 case studies. While some themes overlapped, some additional 

themes emerged as findings from interviews. All seventeen participants had their own 

opinions for environmental indicators that were considered essential to study. 
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Air Quality: Carbon sequestration is one of the benefits obtained by planting new 

trees. It is also known that trees and plant materials play a major role in maintaining air 

quality. Hence, according to RF2, measuring the change in levels of air pollutants over 

time is considered essential. Similarly, FL6 believes that locally sourced plant materials 

will reduce transportation needs, resulting in a reduction of carbon emissions in the 

atmosphere. 

 

Figure 4.2 Levels of air pollutants and carbon emissions 

(Image source: inside climate news, 2014) 

 

Habitat/Wildlife: When habitat is created by landscape architects there are both 

micro and macro level implications. Interview results suggested that understanding 

habitat and wildlife is a significant dimension of landscape performance. The change in 

habitat for pollinators like butterflies, insects and others could be explored (RF3). 

According to FL1, changes in bird habitat studies are incomprehensive when compared 

to studying the more relevant change in feeding and nesting conditions for birds. This is 

supported by RF4, who indicated that it is crucial to study the change in number of 

species while habitat is created. 
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Figure 4.3 Habitat changes for pollinators  

(Image source: NRCS-USDA, 2014) 

 

Soil: Soils play a pivotal role in landscape systems especially drainage (Marsh, 

2010). Interviewees were critical about understanding soils as part of environmental 

factors influencing landscapes. Considering the importance of soils in landscape 

architecture, FL9 mentioned that studying soil remediation and deriving performance 

benefits for the same is critical. In agreement, FL10 also places emphasis on the change 

in soil quality and change in soil constituency to be critical environmental indicators 

 

Figure 4.4 Soil constituency and soil quality  

(Image source: EPA, 2014) 
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Storm water management: Although literature covered various aspects of water it 

is realized through interviews that storm water management is a critical aspect of 

landscape performance. According to RF4, using the pervious pavers for pavements 

contributes to the overall reduction in storm water runoff; however, it is essential to 

measure the contribution of pervious pavers only to the reduction in the storm water 

runoff. FL3 states that measuring the reduction in contaminants in storm water passing 

through bio-swales is also essential. Considering the changes in storm water, including 

retention, infiltration and as an overall category was crucial for RF2, RF6, RF7 and FL7. 

 

Figure 4.5 Bio-swale for storm water management  

(Image source: EPA, 2014) 

 

Vegetation: Another theme emerged from the interviewees was vegetation and 

its relevance to landscape performance as an environmental factor. RF2 considers 

impacts on land cover as crucial and similarly, FL2 considers the change in vegetation 

density as an essential environmental indicator at a regional scale. An observation of the 

changes in the establishment of plants compared to the planting plan is essential for RF3, 

along with the changes in plant diversity. According to FL7, implications of planting new 

trees are not limited to aesthetic benefits. 
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“….just that decision of planting trees that are spaced to certain distance, 
with some thought on streetscape has so many spill over benefits – 
carbon sequestration, storm water management, reduction in urban heat 
island effect…” (FL7). 

 

Figure 4.6 Planting trees for improved streetscape  

(Image source: ASLA, 2014) 

 

4.3.1.2 Additional Findings on Methods 

This section discusses the additional findings in terms of methods as discussed 

by CSI participants briefly during interviews. The findings from the interviews mainly 

illustrate that some participants were able to mention specific tools or models as essential 

methods while other participants outlined various approaches they considered essential 

to establish a method for quantifying various environmental indicators.  

Tools/Models/Standard known methods: Analyzing the water quality with the Soil 

and Water Assessment Tool (SWAT) in GIS is considered an essential method by RF1. 

However, RF1 considers that predictive models computed through various simulations 

are not reliable and accurate. According to RF2, secondary data technologies like the 

EPA model, land cover data by public agencies, i-tree calculator and the TR 55 method 

are important for quantifying various environmental indicators. 

Various approaches to establish a method: According to FL1, periodically using 

the same methodology for the same project for quantifying same environmental factor is 
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a crucial method. In similar terms, RF6 mentions that it is important to complete 

additional longitudinal studies of water quality and to review any resulting fluctuations.  

Setting basic parameters for a project and then building foundational models to generate 

information for understanding those parameters like changes in microclimate or habitat 

quality is also essential (RF3).  

4.3.2 Combined Themes from Interviews and Literature Review 

As part of the findings from the review of 62 case study briefs, twelve themes of 

environmental indicators and methods are documented in the Chapter 2 Literature 

Review. In addition to those themes, five themes emerged from interviews which pertains 

relevance to environmental performance indicators and methods. Two themes 

(Habitat/Species Diversity/Wildlife and Storm water Management) out of five themes 

which emerged from the interviews as an overlap with the themes previously identified in 

the findings of literature review. The overlap in the theme implies new indicators emerged 

during the interview regarding the respective theme. The following is the list of combined 

themes (15 themes) of environmental landscape performance indicators and methods. 

The list also includes additional indicators obtained from interviews under its respective 

theme.  

o Recycle/Reuse/Repurpose  

o Habitat/Species Diversity/Wildlife 

+ Change in habitat for pollinators 

+ Change in nesting and feeding conditions for birds 

o Storm Water Management  

+ Contribution of pervious pavers only in reduction of storm water 

runoff 

o Carbon Footprint  
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o Flood (includes floodplain, watershed and others)  

o Preservation/Restoration  

o Water usage/Irrigation needs  

o Pollution  

o Temperature  

o Ecology/Biodiversity  

o Water Quality  

o Air Quality 

+ Reduced levels of air pollutants 

o Soil  

+ Soil remediation 

+ Soil constituency 

+ Soil quality 

o Vegetation 

+ Change in land cover 

+ Change in density of vegetation 

+ Plant establishment 

o Others/Special/Project Specific  

4.3.3 Views of CSI Participants 

This section reviews the views of CSI Participants/Interviewees on the 

significance of environmental landscape performance indicators and methods. The 

respondents also provided their views on the rigor and reliability of the methods adopted 

in their LAF’s case study investigation as well as on the additional methods mentioned in 

the interviews. The respondents also provide their insights on the rigor of the 
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environmental landscape performance indicators. The views of CSI Participants are as 

findings from the interviews are outlined below. 

4.3.3.1 Research Fellows 

Five out of seven research fellows interviewed were able to provide their views 

on the rigor of the environmental performance indicators – adopted in their case studies 

as well as others. Six out of seven research fellows interviewed were able to provide their 

views on the rigor of the methods – adopted in their case studies as well as others. 

 Views on environmental performance indicators: Environmental performance 

indicators inform about the environmental well-being - the foundation for human well-

being and existence (RF2).  

The environmental performance indicators considered by RF7, while conducting 

the case study, were a snapshot of reality (over a very short timeframe) and thus 

acceptable in those circumstances. However, RF7 prefers to do a long term studies to 

capture the whole picture rather than a snapshot. In the same direction, RF6 considers 

preparing a list of best indicators as difficult because the extent of the project cannot be 

determined and all indicators cannot be applicable to all projects.  

RF3 considered taking existing data, understanding it well enough and using it 

within the context of the project to result in a reliable environmental performance 

indicator. However, RF1 and RF6 states that determining reliable environmental 

performance indicators is case dependent and varies from project to project based on the 

design goals and objectives of the projects.  

 Views on methods: Due to time constraints, RF3 and RF6 prefer using the 

introductory methods involving secondary data modeling instead of developing new 

methods. In contrast, RF1 and RF2 question the reliability and rigor of obtaining data 

from predictive models or using the TR 55 method. RF1, RF2 and RF6 consider 
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collecting first hand data from the field as yielding more reliable and accurate results. 

RF3 and RF1 believe method determination depends on the goals and objectives of the 

project and varies from project to project.  

RF7 and RF1 both mention that selection of the method to quantify reliable 

environmental indicators depends on available funding and resources. All six research 

fellows opine on the fact that the time available to conduct this case study investigation is 

a constraint in providing a reliable result. 

 “..we had a big learning curve, had never done such a thing and was 
first time trying to measure the performance of the landscape, so just 
trying to refine what to measure was a big challenge”(RF6). 

RF7 states that “they had appropriate tools to get reliable results however their 

sample size was too small and was from only one collection point which did not represent 

the whole picture”. Similarly RF4 indicates that the methodology established was rigorous 

as they had multiple source points to collect data but the reliability in the results was 

limited due to other constraining factors such as dry season. Additionally, RF4 also 

mentions that the use of available equipment for measuring ambient air temperature was 

a limitation in itself as it was not the most sophisticated equipment which would give 

better measurements. 

4.3.3.2 Firm Liaisons 

Five out of ten firm liaisons interviewed were able to provide their views on the 

rigor of the environmental performance indicators adopted in their case studies as well as 

others. Five out of ten firm liaisons interviewed were able to provide their views on the 

rigor of the methods adopted in their case studies as well as others. 

Views on environmental indicators: Environmental indicators are essential for the 

health of the planet, which is important for human beings to survive with clean air and 

water (FL5).  
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FL7 states that since performance research is a fairly new endeavor, it is 

important to generate baseline information and data at the design stage of the project. 

Generating baseline data at the design stage establishes the base line data with which 

post occupancy data of the project are comparable. Similarly, FL4 mentions that 

establishing the parameters of the project for performance at the onset of the project with 

the client and based on those parameters the performance of the project can be 

measured later on. Additionally, FL4 states that systematization of investigation is 

required. 

Communicating the performance benefit to the client (especially if the client is a 

municipal agency) by quantifying the indicators is more important to FL9 rather than the 

rigor of the indicator. In contradiction, FL1 believes that the rigor of the environmental 

indicator depends on the project type. 

 Views on methods: Five firm liaisons were not able to provide their views as they 

were not directly involved in developing the methodology for their case studies.  

According to FL2, modeling helps in understanding the storm water storage 

capacity in gravel and adjustments can be made in the model based on the requirements 

but before actual implementation. However, FL2 also suggests that the results are not 

always accurate and so collecting data by monitoring is a better method over modeling. 

FL3 agrees with FL2 and states that monitoring the establishment of plants is more 

reliable than secondary data. FL7 considers that the rigor of method is more geared 

towards design rather than quantification of indicators. According to FL7, understanding 

the impacts of traffic like ignition and noise and the impacts of storm water before 

introducing the impervious surfaces is important because it is geared towards design and 

not towards quantification. In similar terms, FL4 states that the rigor of the methods 

depends on the parameter needed to be quantified and highly depends on available 



 

70 

funding and time. According to FL 10, monitoring is a reliable method to collect data but 

is costly as well. Additionally, maintaining the monitoring equipment is an added 

responsibility, which is difficult to maintain once the project is completed.  

4.3.4 Influence of CSI Program 

This section reviews the findings from the interviews about the overall influence 

of the CSI Program on the understanding of various environment related issues. The 

influence of CSI Program is stated separately for each sub-group of respondents – 

research fellows and firm liaisons. 

4.3.4.1 Research Fellows 

Six out of seven research fellows felt the CSI Program did influence the 

understanding of various environmental issues in some way or the other, however, one 

research fellow (RF3) mentioned that it did not influence in anyway. RF3 argued that it 

depends on one’s tenure in the profession. If someone is new in the profession, that 

individual will think the program is informative and will help in understanding various 

environmental related issues. However, RF3 also states that if someone has been in the 

field for a long time, that individual will think that the program still needs to follow a 

thorough research process.  

In contradiction to RF3, RF4 considers that CSI program influences the 

understanding of various environmental issues by advertising about the project through a 

platform like this (CSI Program). RF4 supports his understanding by explaining that the 

designer spends a lot of time with clients discussing remediation, ecological conditions 

and benefits, but when an individual does not experience those concepts in that space, 

advertising through a platform like this can influence the understanding of environmental 

issues.  
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RF5 partially agrees and states that it has a positive influence on getting 

landscape architects to think about what impacts the environment and provides tools 

designers can use to enhance the value of design. RF7 believes that the program 

influences the students but not so much to faculty. RF7 suggests that if the case study 

investigation is taken beyond its framework set by LAF, as a complete research paper on 

the landscape architecture project, then only the program has a value, otherwise it is just 

an another study.  

Likewise, RF6 states that programs influence teaching in studios towards more 

goal oriented designs. RF1 believes that on the practice side, evaluation of the impacts at 

the design stage establishes a more successful project. Further, on the research side, 

RF1 mentions about the inclusion of a landscape performance track in CELA as a result 

of the CSI Program. The program is not considered rigorous enough by RF2. The 

program is successful in bringing the importance of research back to the field of 

landscape architecture but needs to push the boundaries by not relying solely on 

secondary(RF2). 

4.3.4.2 Firm Liaisons 

Nine out of ten firm liaisons considered the CSI Program as influential in some or 

the other way, however, one firm liaison (FL9) mentioned that it was not influential as 

much. FL9 noted it was not teaching a lot about how to conduct research but provided 

precedents for designers to study and so it has not really affected the understanding of 

environmental issues in the landscape. Contrary to FL9, FL7 agrees that the program 

influences the understanding of environmental issues. FL7 states that the basis of 

founding LAF is its focus on environmental factors; thus, the program teaches the 

profession how to tackle these issues and actually delivers measureable benefits on 
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individual projects. On a similar note, FL8 mentions that the program is valuable in 

studying exemplary projects as FL8 hopes to influence other similar projects. 

FL10 believes that it influences in a limited way. The program influences the 

understanding of some aspects of environmental issues well whereas some other 

aspects are not influenced so well. Giving further understanding, FL10 states that the 

program does focus on the benefits in terms of rain water but it does not at all focus on 

the value of streetscape and its economic impact. There is, in general, a lack of 

application of research in design and planning professions, but the CSI Program brings 

back research based information to the decision making process around environmental 

design (FL5). Likewise, FL1 states that the program makes their work a little more 

credible and adds a scientific element to the project, but, overall, the program does not 

influence the way the firm approaches the projects to date.  

 “… builds a bridge between the practitioner and academic realm; this 
bridge is very effective” (FL4). 

According to FL6, the program provides a library or a database where a 

landscape architect or planner can dwell and really look at what the key components are 

for making a project successful. In the same direction, FL2 states that it is relatively new 

program, and if it increases the database than it can be a value to landscape 

architecture.  

 

4.4 Lessons Learned 

By means of in-depth interviews, the researcher was able to gather useful 

information since each open-ended question generated more in-depth discussion on 

environmental landscape performance indicators and methods. Important lessons were 

learned from the data collection. The first lesson learned was interest shown by the firm 

liaisons and research fellows in participating in interviews regardless of their knowledge 
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on the research topic. The respondents had varying experiences in the field of landscape 

architecture – some were fairly new to the field while some were in the field from more 

than twenty years. The wide range of experiences did not affect the data provided by 

each respondent. In other words, the experience in the field did not matter in the data 

collection process. The second lesson learned was that every respondent had their own 

stand on the research topic and based on that the discussions were either short and 

directly on the point or more of discussions. The third lesson learned was bias of a 

respondent towards the research topic because of respondent’s involvement in similar 

research since long time. At the end of the each phone interview, the researcher asked 

interviewees if they had anything else to add to the whole conversation. Fifteen out of 

seventeen interviewees had something more to share which provided more avenues for 

further discussions. 

 

4.5 Summary 

This research identified new environmental indicators and methods to a database 

created by reviewing the 62 case study briefs (see Appendix A). The majority of 

respondents were able to mention specific environmental performance indicators but 

were not able to mention specific methods. Although the respondents were not able to 

mention specific methods, they provided their views on respective methods. In general, 

research fellows were able to provide more views on environmental indicators and 

methods even if the representation was less when compared to the representation from 

firm liaisons. Involvement of firm liaisons in the overall CSI program is limited which 

resulted in their inability to respond to some of the interview questions. In general, the 

respondents believe that better long term studies can be established if there was no 

constraint of time or money.  
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Chapter 5  

Conclusions 

5.1 Introduction 

This thesis assessed the significance of environmental landscape performance 

indicators and methods based on the systematic review of CSI case study briefs as well 

as the perceptions of CSI participants. The research was specifically concentrated on the 

environmental landscape performance indicators and methods covered as part of 

Landscape Architecture Foundation’s (LAF’s) Case Study Investigation (CSI) Program. 

This chapter summarizes and discusses the findings which were obtained as a result of 

open-ended, in-depth interview questions as well as the systematic review of 62 case 

study briefs. This chapter also discusses how the findings apply to the research 

questions set forth by the researcher and includes a discussion of the relevance of this 

study to field of landscape architecture. The chapter concludes with the researcher’s 

recommendations for future research and performance studies applicable to landscape 

architecture. 

 

5.2 Research Summary 

The purpose of this research is to review the environmental landscape 

performance indicators and methods and to assess their significance based on the 

perception of CSI Participants. This research encompasses a systematic literature review 

of 62 case study briefs published between 2011 through 2013 by LAF. The findings from 

the literature review informed the researcher about various environmental performance 

indicators and methods used in LAF’s CSI Program and also helped in supporting CSI 

Participant interviews. The knowledge gained from the literature review was helpful to the 

researcher when conducting in-depth interviews and in obtaining informative data. 
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Additionally, having a baseline understanding of the environmental performance 

indicators and methods prior to conducting interviews helped the researcher to better 

control the conversations during interviews. 

The findings from the literature review and interviews are synthesized in detail as 

a summary of each research question.  

5.2.1 Research Question 1 

What environmental performance indicators and methods are commonly used in 

LAF’s CSI Program to evaluate landscape architecture projects? 

The literature review of 62 case study briefs produced twelve themes of 

environmental performance indicators and interviews added another three themes of 

environmental performance indicators – Air Quality, Soil and Vegetation. The following is 

the comprehensive list of the environmental landscape performance indicator and 

method themes:  

o Others/Special/Project Specific  

o Recycle/Reuse/Repurpose  

o Habitat/Species Diversity  

o Storm Water Management  

o Carbon Footprint  

o Flood (includes floodplain, watershed and others)  

o Preservation/Restoration  

o Water usage/Irrigation needs  

o Pollution  

o Temperature  

o Ecology/Biodiversity  

o Water Quality  
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o Air Quality 

o Soil 

o Vegetation 

While findings from the interviews reaffirm the indicators covered in the cas study 

reviews it also highlighted additional indicators that are not covered by case study briefs 

up to date. Specifically, interviews added ten environmental performance indicators to the 

existing 121 indicators, increasing the number of indicators to 131.Some of the 

environmental indicators highlighted in the interviews were: change in habitat for 

pollinators like butterflies and insects; change in the feeding and nesting conditions of 

birds; and changes in the soil constituency are some of the essential environmental 

indicators added through the interview process. These additional indicators, however, 

were not included in the case studies reviewed by the researcher. Further, there was no 

significant repetition in the methods used, with the exception of widely accepted methods 

and tools such as, the TR-55 method (NRCS-USDA, 2014) and i-tree calculator tool (US 

Forest Service, 2014), respectively. Even though there was significantly less repetition in 

methods, interviews did not add new methods.  However, the in-depth interviews did 

result in novel approaches which can be used to evaluate environmental indicators.  

Findings from the literature review illustrated that miscellaneous items which are 

broadly categorized under Others/Special/Project Specific theme had the highest number 

of indicators (n=26) while the Storm Water Management theme had highest number of 

methods (n=37) utilized by case studies.  It can be summarized that more case studies 

focused on site specific performance indicators. The CSI teams were well informed and 

aware of the unique features of the site which were used to develop the performance 

benefit of the site. Best management practices for sustainable landscapes are used by 

other professionals like civil engineers, hydrologists and other experts apart from 
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landscape architects. Since storm water related issues are addressed by other experts, it 

can be concluded that there are multiple reliable and rigorous methods and 

complimentary computing tools available to quantify storm water management related 

indicators. 

Research also revealed that methods identified in the literature review use either 

primary data or secondary data to quantify environmental landscape performance 

indicators. From the literature review and interviews, it can be summarized that the 

development of individual methods to quantify environmental indicators relied heavily on 

secondary data as the projects had limited baseline data available to conduct 

performance studies. Also, it was more convenient to use secondary data given time 

constraints (four to five months) as it was not possible to collect and analyze primary 

data. The primary data in CSI case study briefs are typically comprised of the information 

obtained from sites by observation or sample collection; key informant interviews; 

drawing review and analysis; and general team common sense analysis. The secondary 

data typically are comprised of data obtained from other documentation, reports and 

other known sources like national weather data, annual precipitation data and others. 

5.2.2 Research Question 2 

What are the views of CSI participants about the rigor of environmental 

performance indicators and methods? 

Views of research fellows and firm liaisons about the rigor of environmental 

performance indicators varied significantly. Research fellows were able to provide more 

detailed views concerning the rigor of environmental performance indicators and methods 

as compared to those provided by firm liaisons. The disparity in viewpoints was due to 

the differing level of involvement and the role of the individual team members in CSI 

Program. However, research fellows and firm liaisons both agree that the time frame to 
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conduct performance studies is a constraint on developing more rigorous methodologies 

for reliable results. In addition to time, funding and physical resources were also deemed 

constraints. 

Overall, research fellows seemed to have a more critical view about the rigor of 

environmental landscape performance indicators and methods. They indicated that a 

consistent set of indicators which can be applicable to all the projects are not possible as 

they vary significantly from project to project. They also considered that more longitudinal 

studies of landscape performance conducted at regular intervals and performance 

studies conducted using first hand data collected from the respective sites by sampling 

would yield more reliable results about the performance of the projects. 

On the other hand, firm liaisons did not seem to be very concerned about the 

rigor of the environmental landscape performance indicators and methods, since they 

were not able to mention specific methods. The firm liaisons however, did mention that 

theoretically the rigor of case studies can be increased if there was a systematic 

framework to follow or baseline data for projects is generated at the design stage such 

that it is comparable with data obtained during post occupancy of the project. Firm 

liaisons considered that monitoring the project for its performance would give more 

reliable data and have more rigor as a method. 

The collaboration of firm liaisons and research fellows along with student 

research assistants is highly complementary to each other. Each individual in the team 

relies heavily on the expertise of others. In summary, even though firm liaisons were not 

able to provide their perception, research fellows, who often lead teams, were able to 

provide essential critical views on environmental indicators and methods. 



 

79 

5.2.3 Research Question 3 

How does LAF’s CSI Program influence the understanding of environmental 

performance in landscape architecture research and practice? 

LAF’s CSI Program provided a positive influence in understanding environmental 

performance in landscape architecture research and practice. Some respondents stated 

direct influence of the program such as the specific impact of projects on environmental 

factors while other respondents stated indirect influence of the program on other projects. 

The program is highly influential in bringing the application of research back to the design 

and planning professions.  

In the perception of research fellows, the program facilitates the dispersion of 

knowledge related to environmental factors by showcasing projects with their sustainable 

features and environmental performance benefits. Thus the program influences an 

individual to think about the impacts on environment in a larger scale. The students are 

influenced the most by the CSI Program as research fellows attempt to incorporate goal-

oriented and performance-oriented design teaching into the studios.  

In the perception of firm liaisons, the program influences other projects as 

experience from one project can apply to other projects. They also believe that the 

program teaches various ways to tackle environmental issues, which can be creatively 

incorporated in the design phase of the project. However, in the opinion of some firm 

liaisons, the program is only partially influential in understanding environmental 

performance as it covers only a few aspects of environmental issues. 

 

5.3 Discussions 

The CSI Program is a research endeavor initiated by LAF to assess and 

document the performance of landscape architecture projects which can inform future 
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design practices. The first CSI program (CSI 2011) primarily focused on documenting 

environmental and, to a limited extent, economic benefits. The landscape projects 

focusing on only one dimension do not have a large impact on the performance of the 

project (Lovell and Johnston, 2009). Subsequently, the CSI program started focusing on 

documenting benefits relating to environmental, economic and social factors. Case study 

briefs published as a result of CSI 2013 include performance benefits while considering 

all three – environmental, social and economic factors. This incremental diversity in the 

performance benefits emerges as a pattern from CSI 2011 to CSI 2013. 

The literature review and in-depth interviews provides a comprehensive list of 

environmental landscape performance indicators and methods associated with 

environmental indicators. The list of environmental indicators and methods can be used 

by landscape architects to predict the performance of landscape architectural projects at 

the design stage. However, case studies do not just provide retrospective information but 

also results in knowledge for future application in landscape architecture projects. 

The review of 62 case study briefs provides various other avenues to extract the 

knowledge and apply in the design practices in the field of landscape architecture. This 

research opens the avenues for critically revisiting and understanding the validity of the 

environmental landscape performance indicators and methods. The reliability and the 

relevance of the environmental indicators and methods in the context of the respective 

case studies are tested in this research based on the perceptions of the CSI Participants. 

 

5.4 Relevance to Landscape Architecture 

Within recent years, the case study method is widely used in landscape 

architecture research. Case studies allow researchers and professionals alike to review 

projects to inform future landscape architecture education and the profession, in general 
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(Francis, 1999 and 2003; Ahern et.al., 2007; Lang, 2005). The Case Study Investigation 

(CSI) Program utilizes this case study method to conduct performance studies of 

completed projects. However, the knowledge created as a result of these case study 

briefs is not sufficiently scrutinized to inform future practices in landscape architecture. 

This research was conducted to scrutinize the knowledge gained from the case studies to 

inform future practices. The review of 62 case study briefs (knowledge base) assisted in 

scrutinizing (reviewing and assessing the significance) the rigor of the environmental 

landscape performance indicators and methods based on the perceptions of CSI 

Participants. A comprehensive set of environmental indicators and methods is 

systematically documented as the knowledge gained from CSI 2011 to 2013. This 

information is also critically reviewed by understanding the perceptions of the rigor of 

these environmental indicators and methods and is readily available for further use in not 

only landscape performance research but also in landscape architecture practice. 

This study of the differing perspectives related to environmental performance 

indicators and methods informs landscape architecture professionals and researchers 

about various views research fellows and firm liaisons have about those indicators and 

methods. The views of people experienced with such performance research enable the 

researcher to critically understand the indicators and methods essential for various 

environmental issues/factors. The knowledge obtained from this research will facilitate 

landscape architects in designing high performance projects. Additionally, this research 

also communicates the knowledge of high performing projects with others as it relates to 

the field of landscape architecture.  

The perspectives that have emerged as a result of this study are valuable to 

landscape architects as they advance knowledge, inform the profession of landscape 
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architecture and communicate about information relating to high performing projects with 

a broader audience such as professionals in allied fields.   

 

5.5 Future Research 

This study focused on the perceptions of CSI participants on the environmental 

landscape performance indicators and methods. As the research progressed certain 

questions were answered but additional ones are raised by the participants as well as by 

the researcher which has value for future exploration. These questions among others 

seem to be potentially related to the study and can be explored for future research. The 

areas for future research include: 

1. Environmental landscape performance indicators and methods can also 

be studied based on the perspectives of researchers, research 

assistants and professionals not directly involved with the CSI program. 

2. Varying perceptions among researchers, research assistants and firm 

liaisons experienced with CSI program vs. inexperienced individuals with 

CSI program can be studied allowing for a better understanding of the 

overall perception of landscape performance research in the field of 

landscape architecture. 

3. This study primarily focused on perspectives on landscape performance 

indicators and methods related to environmental factors which are 

documented and reviewed from the case study briefs published by LAF. 

A similar study can be done primarily focusing on landscape 

performance indicators and methods related to economic factors which 

are documented and reviewed from the case study briefs published by 

LAF. 
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4. This study primarily focused on perceptions of landscape performance 

indicators and methods related to environmental factors which are 

documented and reviewed from the case study briefs published by LAF. 

A similar study can be done primarily focusing on landscape 

performance indicators and methods related to social factors which are 

documented and reviewed from the case study briefs published by LAF. 

5. This study focuses on systematically documenting and reviewing 

indicators and methods from case study briefs published by LAF. A 

similar study can be done primarily focusing on documenting and 

reviewing indicators and methods from various other peer- reviewed 

case studies published in journals or similar publications. 

6. A study can be developed which compares the perceptions of indicators 

and methods derived from case study briefs published by LAF with the 

perspectives on indicators and methods derived from other peer-

reviewed case studies published in journals or similar publications. 

7. The main focus in this research was on the case study briefs published 

by LAF. Similarly, additional studies can be conducted which focuses on 

the case studies or performance documentation of projects under similar 

endeavors like LEED, Sustainable SITES Initiatives and/or ULI case 

studies. 

8. A comparative study between the perceptions on indicators and methods 

found under the CSI Program, LEED case studies, Sustainable SITES 

Initiatives, ULI case studies and others can also be explored as a future 

research. 
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Appendix A 

Environmental Landscape Performance Indicators and Methods 

This appendix contains a list of environmental landscape performance indicators and methods  

as documented from the environmental performance benefits of 62 case study briefs 
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Environmental Landscape Performance Indicators and methods - review of 62 Case study briefs from CSI 2 011 to CSI 2013 

No  Project 
name 

Environmental Landscape Performance 
Benefits 

Environmental 
Landscape 

Performance 
Indicators 

Methods used to evaluate 
performance indicators 

1 

63rd Street 
Beach, 
Jackson 

Park 

• Provides habitat for over 200 species of birds, 
including ducks, owls, raptors, and several scarce 

species of migratory sparrows. Endangered or 
threatened species sighted include the Black-

crowned Night Heron, Least Bittern, Piping Plover, 
and Snowy Owl. 

• Improved habitat 
for birds 

• Combined analysis of primary data 
(Interview with key informant) and 

secondary data (Record of bird 
species) 

• Helped to reduce the number of swim ban days 
by 72% and swim advisory days by 62% by 2010. 

• Improved water 
quality; Improved 
foreshore sand 

quality 

• Analysis of various secondary data 
(articles on particular issue, recorded 
data, projected influence of planting) 

• Reduces sand erosion by nearly 100% by 
implementing two phases of beachside planting to 

create a stable native dune grassland system. 

• Reduced sand 
erosion 

• Analysis of primary data (Interview 
with key informant, site observations, 

studying planting plans)  
• Saves an estimated 450,000 gallons of potable 
water and over $1,300 annually with the use of 

native species that require zero irrigation 
compared to a turf landscape. (2004 Restoration) 

• Reduced use of 
potable water 

• Irrigation water needs calculated 
using tool - Original Green Values 
Calculator - pre condition vs. post 

condition 
• Increased the Biomass Density Index -- a 

measure of the density of plant layers covering 
the ground -- by nearly 150% for the project area. 

(2004 Restoration) 

• Increased 
Biomass Density 

Index (BMI) 

• Guidelines and performance 
benchmarks by Sustainable Sites 

Initiave (SITES) in 2009 

2 

Advocate 
Lutheran 
General 
Hospital 
Patient 

• Prevents or slows approximately 90% of site's 
annual storm water runoff from entering the 

municipal storm sewer system, managing storm 
water volumes up to 309,000 gallons of water in a 

single event. 

• Reduced storm 
water runoff 

volume 

• Analysis of secondary data (Storm 
water modeling by civil engineer)  pre 

condition vs. post condition 



 

 

8686

Tower • Removes at least 80% of total suspended solids 
by treating at least 90% of average annual rainfall 
using green roofs, bio-infiltration, and permeable 

paving. 

• Improved water 
quality 

• Analysis of secondary data 
(Submittal document for LEED) 

• Eliminates the need for irrigation with potable 
water by utilizing drought-tolerant, native and 

adapted plant species and by conveying storm 
water for passive irrigation. 

• Reduced use of 
potable water 

• Analysis of secondary data 
(Submittal document for LEED) 

3 
Ann Arbor 
Municipal 

Center 

• Reduces the post-redevelopment site runoff by 
87.5% or 59,300 gallons for a 1-year, 24-hour 

design storm and 87.3% or 76,200 gallons for a 2-
year, 24-hour design storm. 

• Reduced storm 
water runoff 

volume 

• Storm water runoff calculated using 
NRCS Curve Number and unit 

hydrograph method in HydroCAD 
(storm water modeling software) -  

pre condition vs. post condition  

4 
Avalon Park 

and 
Preserve 

• Increased the biodiversity of the site as 
evidenced by a 35% increase in identified bird 
species, including 11 species on the Audubon 
High Priority Watch List, and 7 species with 

populations of regional significance. 

• Biodiversity of 
bird species 

• Analysis of secondary data 
(Inventory of bird species) - pre-

condition vs. post-condition 

• Increased the ecological integrity of plant 
communities by more than doubling Avalon's 

Plant Stewardship Index to achieve a score of 54, 
reflecting a high diversity of native plants and 

sustained removal of invasive species. 

• Increased 
ecological Integrity 

• Calculated using a tool - Plant 
Stewardship Index (PSI) 

5 
Beijing 

Olympic 
Forest Park 

• Sequesters an estimated 3,962 metric tons 
(8,735,000 lbs) of CO2 annually in the trees of the 
park, equivalent to taking 777 passenger vehicles 

off the road. 

• Sequestered 
carbon 

• Calculated using a tool - National 
Tree Benefits Calculator; compared 

with facts provided by EPA 

• Reduces annual consumption of potable water 
by 950,000 cubic meters (250 million gallons), the 
equivalent of 380 Olympic-sized swimming pools, 
by using reclaimed water from the Qinghe Waste 

Water Treatment Plant for landscape irrigation 
and to recharge park water bodies. 

• Reduced use of 
potable water 

• Analysis of secondary data (amount 
discharged in wetland) 
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• Generates 83,000 kWh of electricity per year 
from solar photovoltaic panels installed on top of 

the trellis structure at the park's south gate. This is 
enough to meet the energy needs of 227 China 

residents for a year and reduce the use of coal by 
30 metric tons (66,000 lbs), which in turn reduces 
the emission of CO2 by 78 metric tons (172,000 
lbs), SO2 by 720 kg (1,600 lbs), NOX by 210 kg 
(460 lbs), smoke by 81 kg (180 lbs), and dust by 

45 kg (100 lbs) per year. 

• Generated 
electricity from 

photovoltaic 
panels; Reduced 
carbon emission 

• Combined analysis of primary data 
(Calculated based on the electricity 

produced by photovoltaic panels) and 
secondary data (typical carbon 

emission data) 

6 
Black Rock 
Sanctuary 

• Tripled bird counts from 262 in 2004 to 907 in 
2011. Over the same seven year period, species 

variety increased from 63 to 100 species 
observed. 

• Improved habitat 
for birds 

• Analysis of secondary data 
(observation data entered by birders 

in eBird program) 

• Improved the ecological integrity of 10 acres of 
the site by 17 times by creating new upland 

meadow habitat. Ecological integrity is measured 
by the Plant Stewardship Index, an assessment of 

native biodiversity based on a site's plant list. 

• Improved 
ecological integrity 

• Calculated using a tool - Plant 
Stewardship Index (PSI) 

7 
Blue Hole 
Regional 

Park 

• Protects 93 acres or 96% of the undisturbed 
area of the site, which was identified as potential 

habitat for 19 different endangered, threatened, or 
species of concern. 

• Protected 
potential habitat 

• Combined analysis of primary data 
(Calculated based on the soil 

disturbances - pre condition vs. post 
condition) and secondary data (in-

depth inventory of species) 

• Maintains or reduces storm water runoff flow 
rates site wide, despite the addition of 320,000 sf 

of new park development. 

• Reduced in 
storm water runoff 

flow rate 

• Analysis of secondary data 
(XPSWMM hydrologic model findings 

done by project engineers) - pre 
condition vs. post condition 

• Saves an estimated 600,000 gallons of potable 
water per month by using drought tolerant turf and 

on-site well water for recreation field irrigation. 
This results in an estimated annual cost savings 

of $25,500. 

• Reduced use of 
potable water 

• Irrigation needs calculated based on 
irrigation requirements (adapted from 
EPA) for a soccer field in the region  
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• Saved approximately $230,000 in mulch costs 
by double-shredding the trunks of invasive cedars 
removed from the site and using this to cover all 

designed mulch areas. 

• Recycled 
material found on-

site 

• Amount of material recycled 
calculated based on the waste 

created on-site 

8 

Brent 
Elementary 
Schoolyard 
Greening: 
Phase 1 

• Decreases daytime summer surface 
temperatures by an average of 23°F and air 
temperature by 9°F by replacing 1,500 sf of 

asphalt play surface with a rain garden. 

• Reduced surface 
and air 

temperatures 

• Analysis of primary data 
(measurements from digital 

thermometers) - asphalt surface vs. 
rain garden 

• Holds 720 gallons of storm water (79% of the 1-
year storm) in the rain garden. The ten trees in the 

rain garden are estimated to intercept an 
additional 1,600 gallons of storm water annually. 

• Intercepted 
storm water 

• Storm water calculated based on 
TR-55 method for volume generation 
and storm water holding capacity of 
rain garden; storm water intercepted 
by trees calculated by using a tool - i-

Tree Design 
• Reduces annual hydrocarbon emissions by 1.83 
lb and carbon monoxide emissions by 69.2 lb, by 
replacing nearly 6,200 sf of lawn with an outdoor 

classroom that requires no mowing. 

• Reduced 
hydrocarbon and 
carbon monoxide 

emissions 

• Emissions calculated based on the 
usage of lawn mower and compared 

to allowable emissions from the 
mower as regulated by EPA. 

9 
Buffalo 
Bayou 

Promenade 

• Increases the flood storage capacity of the 
promenade section of the Buffalo Bayou by 18.65 
acre-feet through the excavation of 23,013 cubic 

meters of soil. 

• Increased flood 
storage capacity 

• Analysis of secondary data (as 
provided by firm) 

• Improves the channel's ability to withstand storm 
water velocity (shear stress) by 400%, thus 
reducing the damaging effects to the stream 

channel. Prior to development the channel was 
able to withstand less than 2lb/ft2 shear stress, 

post development the channel is able to withstand 
8lb/ft2 of shear stress. 

• Reduced storm 
water velocity 

• Analysis of secondary data (as 
provided by firm) 

• Sequesters 29.74 tons (59,480 lbs) of CO2 
annually in 641 newly planted trees, equivalent to 
CO2 emitted from driving approximately 79,226 
miles in a single passenger vehicle. These trees 

• Sequestered 
carbon; 

Intercepted storm 
water  

• Calculated using a tool - National 
tree benefit calculator, compared with 

facts provided by EPA; Calculated 
using a tool - National tree benefit 
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also intercept 337,411 gallons of storm water run-
off. 

calculator 

10 
Capitol 
Valley 
Ranch 

• Reduces atmospheric carbon by more than 8.7 
tons annually through 137 trees planted on the 

property, approximately the same amount of CO2 
released by burning 884 gallons of gasoline. 

• Sequestered 
carbon 

• Calculated using a tool - National 
tree benefit calculator; compared to 
the facts provided by U.S.Energy 

Information Administration 
• Saves over 1,000,000 gallons of irrigation water 

and 400 lb of fertilizer annually by limiting lawn 
area to 5,440 sf, 7% of the total planted area on 

the entire 35-acre site. 

• Reduced use of 
irrigation water; 
Reduced use of 

fertilizer 

• Irrigation needs calculated based on 
the maintenance records of a similar 

property  

• Generates an estimated 1,820 kilowatt hours of 
electricity monthly, saving $150 dollars in monthly 

energy costs through 8 solar panels installed in 
the landscape. 

• Generated 
electricity 

• Combined analysis of primary data 
(inventory of make and model of solar 
panels) and secondary data (energy 
produced by solar panel based on  

Solar Rating and Certification 
Corporation Certified Performance 

Data) 

• Produces an estimated 141 lb of organic 
vegetables each year, which have an approximate 

value of $400. 

• Produced 
organic 

vegetables and 
other organic 

produce  

• Combined analysis of primary data 
(Produced organic vegetables 

calculated using a tool - vegetable 
garden value calculator) and 

secondary data (information provided 
by a resident) 

11 
Carmel Clay 
Central Park 

• Diverts 11.9 million gallons of annual storm 
water runoff from the Monon Community Center 

roofs and parking areas using a constructed 
lagoon and wetland. 

• Diverted storm 
water runoff  to 

Best Management 
Practices (BMPs) 

• Storm water runoff calculated based 
on area of impervious surfaces and 
average annual rainfall of the region 

• Treats 2,271,000 gallons of greywater from the 
water park using the constructed lagoon and 

wetland, saving $8,539 in sewer charges 
annually. 

• Treated 
greywater on site  

• Analysis of secondary data (amount 
of greywater refreshed obtained from 

operators) 
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12 
Cascade 
Garden 

• Sequesters nearly 31,200 lbs of carbon annually 
in the 44 mature globe willow trees and 18 

Colorado blue spruce trees that were transplanted 
during construction. 

• Sequestered 
carbon 

• Calculated using a tool - National 
tree benefit calculator 

• Creates ideal trout habitat conditions with 
dissolved oxygen levels at or greater than 7 ppm 

and water temperature at or less than 60°F, 
following the pond redesign. Trout could not be 

sustained previously. 

• Created ideal 
trout habitat 

• Combined analysis of primary data 
(on-site sampling of the water quality 

data) and secondary data 
(information from a key informant) 

• Reduces the project's landfill burden by over 
3,700 cu ft by donating material from the existing 

home to Habitat for Humanity. The recycling of the 
pine logs alone reduced the total amount of CO2 
equivalent produced by approximately 22 tons. 

• Recycled 
material 

preventing from 
entering into 

landfill; Avoided 
production of 

carbon 

• Analysis of secondary data (amount 
of material recycled; compared 

amount of carbon emission prevented 
using the tool - WARM calculator by 

EPA) 

• Reduces irrigation and fertilizer needs by nearly 
60% by replacing 5,020 sf of turf with native 

plants. This saves over 75,000 gallons of water 
and eliminates the need for 30 lbs of fertilizer 

annually. 

• Reduced use of 
irrigation water; 
Reduced use of 

fertilizer 

• Irrigation and fertilizer need 
calculated based on the drawings 

and photographs - pre condition vs. 
post condition 

13 
Castiglion 
del Bosco 

• Produces over 2,700 lbs of organic vegetables, 
fruits, and herbs per year in the 3,500-sf kitchen 

garden for use in the estate's two restaurants and 
culinary academy. 

• Produced 
organic 

vegetables and 
other organic 

produce 

• Amount of vegetables and organic 
produce frown calculated using a tool 

- Grow your own vegetables value 
calculator 

• Produces approximately 300,000 bottles of wine 
annually from the 170 acres of vineyards. 

• Produced wine 
• Analysis of secondary data (article 

from Atelier magazine) 
• Preserved 100% or 3,200 acres of the site's 

existing mature forest, which provides habitat for 6 
species of beetle classified as Endangered or 

Near Threatened in Europe, as well as numerous 
bird and mammal species. 

• Preserved 
habitat for 

endangered 
species of beetles 

• Strategically designed to facilitate 
preservation and analysis of 

secondary data (information of the 
species in the forest) 
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• Preserved and restored approximately 400 
cypress trees lining the entry drive into the estate. 
The 800-year old trees are an important element 
of the distinctive visual identity of the Val d'Orcia 
region, which is designated as a UNESCO World 
Heritage Site. Moreover, UNESCO has identified 

the loss of these types of trees as a potential 
threat to the conservation of this significant 

cultural landscape. 

• Preserved and 
restored cypress 

trees as 
significance of 

cultural landscape 

• Combined analysis of primary data 
(estimated number of trees along the 

entry drive) and secondary data 
(information about heritage site and 

cultural significance of the trees) 

14 
Central 

Wharf Plaza 

• Reduces the average ground-level temperature 
of the plaza by 10.4°F with tree canopy cover that 

shades 94% of the site. 

• Reduced 
average ground-
level temperature  

• Temperature measured using 
ambient thermometers; 

measurements - surface with 
vegetative cover vs. surface without 

vegetative cover 

• Prevents 369,000 gallons of annual storm water 
runoff from entering the city's combined sewer 

system by infiltrating all runoff for up to a 25-year, 
24-hour storm event. 

• Infiltrated storm 
water; Prevented 
storm water run-
off from entering 
combined sewer 

system 

• Combined analysis of primary data 
(Infiltration calculated based on 

infiltration rate of pervious surfaces 
and water storage capacity of the 
structural soil) and secondary data 
(annual average precipitation of the 

region) 
• Sequesters over 3,600 lbs of carbon annually in 

the 25 oak trees. 
• Sequestered 

carbon 
• Calculated using a tool - National 

tree benefit calculator 

• Increases the tree growth rate by 57% when 
compared to a typical urban oak by providing over 

1,500 cubic feet of soil per tree. When the trees 
reach their projected mature size in about 33 
years, they will sequester over 13,000 lbs of 

carbon and intercept almost 87,000 gallons of 
rainwater annually. 

• Increased tree 
growth rate; 
Estimate of 
sequestered 
carbon and 

intercepted storm 
water on 

maturation of trees  

• Analysis of various secondary data 
(soil volume information, caliper and 

DBH data of trees, annual growth 
rate of typical oak, information on soil 

sharing for urban trees) 
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15 

Charles City 
Permeable 
Streetscape 

Phase 1 

• Reduced storm water peak flows by at least 75% 
for 10-year storm events and 40% for 100 year 

storm events. 

• Reduced storm 
water peak flow 

• Storm water runoff calculated using 
NRCS Curve Number and unit 

hydrograph method in HydroCAD - 
pre condition vs. post condition  

• Reduced the runoff volume by over 60% up to 
the 10-year 24-hour storm event, and over 30% 

for the 100-year 24-hour storm event. This 
eliminated the need to replace downstream storm 
sewers, thereby reducing infrastructure costs and 

neighborhood disruption. 

• Reduced storm 
water run-off 

volume 

• Storm water run-off volume 
determined from prototype modeling 

• Expected to improve water quality by reducing 
the need for winter salt application by up to 75% 
because snowmelt and storm water can infiltrate. 

This should also lead to savings in the city's winter 
operations budget. 

• Improved water 
quality 

• Analysis of secondary data (based 
on research done by University of 

New Hampshire Storm water Center) 

• Saved $57,000 by preserving 192 street trees 
instead of removing them and installing new trees. 

• Preserved 
existing trees 

• Strategically designed to facilitate 
preservation 

16 

Cheonggyec
heon 

Stream 
Restoration 

Project 

• Provides flood protection for up to a 200-year 
flood event and can sustain a flow rate of 

118mm/hr. 

• Flood protection 
and flow rate 

• Analysis of secondary data 

• Increased overall biodiversity by 639% between 
the pre-restoration work in 2003 and the end of 

2008 with the number of plant species increasing 
from 62 to 308, fish species from 4 to 25, bird 

species from 6 to 36, aquatic invertebrate species 
from 5 to 53, insect species from 15 to 192, 

mammals from 2 to 4, and amphibians from 4 to 
8. 

• Increased overall 
biodiversity • Analysis of secondary data 

• Reduces the urban heat island effect with 
temperatures along the stream 3.3° to 5.9°C 

cooler than on a parallel road 4-7 blocks away. 
This results from the removal of the paved 

expressway, the cooling effect of the stream, 

• Reduction in 
ambient 

temperatures 
• Analysis of secondary data 
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increased vegetation, reduction in auto trips, and 
a 2.2-7.8% increase in wind speeds moving 

through the corridor. 
• Reduced small-particle air pollution by 35% from 
74 to 48 micrograms per cubic meter. Before the 
restoration, residents of the area were more than 
twice as likely to suffer from respiratory disease 

as those in other parts of the city. 

• Reduction in air 
pollution 

• Analysis of secondary data 

17 

Cherry 
Creek North 
Improvemen

ts and 
Fillmore 
Plaza 

• Projected to reduce mid-day air temperatures by 
6°C (11°F) as a result of increasing tree canopy 

on the site by 49% 

• Reduced air 
temperatures 

• Combined analysis of primary data 
(shaded area by tree canopies from 
AutoCAD drawings) and secondary 
data (air temperature reductions due 

to tree canopies) 
• Reduces annual water consumption for irrigation 
by 3,376,000 gallons, saving $17,600 annually, by 
replacing over half of the spray-irrigated turf with 
drip-irrigated, water-wise perennials and shrubs. 

• Reduced 
consumption of 
irrigation water 

• Analysis of secondary data 
(consumption of irrigation water data) 

- pre condition vs. post condition 

• Reduces annual energy consumption for outdoor 
lighting by 223,000 kilowatts, saving $12,700 in 
energy and $1,000 in maintenance and material 

costs each year. 

• Reduced energy 
consumption  

• Analysis of secondary data 
(consumption of energy data) - pre 

condition vs. post condition 

• Removes up to 80% of solids in the storm water 
runoff from Fillmore Plaza using an underground 

water treatment vault. 

• Removal of 
pollutants from 

storm water runoff 

• Analysis of secondary data 
(operations and maintenance 

guidelines of CDS Units (continuous 
deflective separation unit) installed) 

• Saved $188,000 by reusing 331 light pole 
footings and bases in place on the site. 

• Reused light pole 
footings and 

bases 

• Analysis of secondary data 
(information from key informant) 

18 

Chicago 
Botanic 
Garden 

Lake 
Shoreline 

• Increased species richness of the shoreline plant 
collections from 23 to 244 species, 100% of which 

are native perennials. 

• Increased 
species richness 

• Analysis of secondary data (pre 
restoration plant from management 

and master plant list from designer) - 
pre condition vs. post condition 

• Provides 6.05 acres of new and improved habitat • Created habitat • Analysis of secondary data 
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for at least 217 observed species of waterfowl and 
shoreline birds, fish, turtles, mussels, frogs, and 

aquatic insects, 98% of which are native species. 

(observation and inventory data by 
management and area calculations 

done by designer) 
• Improved the garden's lake water quality as 
measured by in-lake nutrient concentrations. 

Monitoring data from 1997-98 (pre-restoration) 
and 2004-05 (post restoration) indicate total 

phosphorus reductions of 84%, dissolved 
phosphorus reductions of 98%, ammonia nitrogen 

reductions of 77%, and nitrate+nitrite nitrogen 
reductions of 23%. 

• Improved water 
quality 

• Analysis of secondary data (as 
provided by management) 

19 

Chicago 
Museum of 
Science and 

Industry 
Smart Home 

• Eliminates potable water usage for the 
production garden by using captured rainwater 
from rooftops and adjacent museum walkway 
canopies. If the Smart Home was in use as an 

actual home, it could make use of all of the 
harvested rainwater, saving 68,000 gallons of 

potable water and an estimated $2,250 in water 
and sewer costs over the next 5 years. 

• Eliminated use of 
potable water 

• Analysis of secondary data (Rain 
and Green Roof Data) 

• Captures and infiltrates over 208,000 gallons of 
storm water on-site through a permeable 

pavement system, bioswale and rain garden, 
thereby preventing this volume from entering the 

municipal combined-sewer system. 

• Captured storm 
water; infiltrated 

storm water 

• Storm water infiltrated calculated 
based on the areas of permeable 

paving, rain gardens and bioswales 
and average annual rainfall 

• Produces an estimated 300 lbs of honey and 
more than 350 lbs of vegetables and herbs 

annually (which alone is valued at over $750). 

• Produced 
organic 

vegetables and 
other organic 

produce  

• Combined analysis of primary data 
(amount of vegetables and organic 

produce grown estimated using a tool 
- Grow your own vegetables value 

calculator) and secondary data 
(information provided by a key 

informant) 
• Eliminates the need for soil amendments for the 

native and vegetable gardens by composting 
waste from the gardens and yard on site. 

• Eliminated needs 
of soil 

amendments 

• Analysis of secondary data 
(interview with a key informant like 

Master Gardener) 
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20 

Cusano 
Environment
al Education 

Center 

• Reduced storm water runoff generation by 30% 
by creating meadow instead of a standard lawn. 

• Reduced storm 
water runoff  

• Storm water runoff assumed and 
compared based on the curve 

numbers used in NRCS method for 
meadow and for turf areas 

• Improved ecological quality of the area by more 
by creating meadow instead of a standard lawn. 

According to the Plant Stewardship Index, an 
assessment of biodiversity based on a site's plant 

list, the meadow is 7.5 times "more ecological" 
than a standard lawn. 

•  Improved 
ecological quality 

•  Calculated using a tool - Plant 
Stewardship Index (PSI)  

21 
Daybreak 

Community 

• Retains 100% of storm water that falls on the 
site for up to a 100-year storm with no impacts on 

or connections to the municipal storm sewer 
system. 

• Retained storm 
water 

• Analysis of secondary data 
(verification of civil engineer  that 

storm water was directed in on-site 
swales, wetlands, infiltration basins 

and other best management 
practices) 

• Saves approximately 1.5 million gallons of 
potable water each year by using an innovative 

drip irrigation design. Projected annual savings at 
build-out are 18.7 million gallons, saving 

approximately $54,000 annually. 

• Reduced use of 
potable water 

• Analysis of secondary data (water 
use calculations obtained by firm; 

efficiency of drip irrigations) 

• Promotes species diversity with nearly 2.5 times 
the national average for comparable wetland bird 
populations present in man-made Oquirrh Lake 

and the surrounding wetlands. 

• Promoted bird 
species' diversity 

• Analysis of secondary data 
(estimated average bird population in 

similar ecotype compared to bird 
counts done for Oquirrh Lake) 

• Reduces auto trips with 88% of neighborhood 
students currently walking or riding bikes to 

school. This is expected to reduce auto trips by 
2.3 million miles a year at build-out, saving 102,00 
gallons of fuel and reducing carbon emissions by 

950 tons annually. 

• Reduced fuel 
consumption; 
Sequestered 

carbon; Reduced 
carbon emissions 

• Analysis of secondary data 
(reduced fuel consumption implied 
from a study published in journal; 
sequestered carbon and reduced 

carbon emissions calculated  using a 
tool - ALG Carbon Calculator 
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• Reduced carbon footprint by 9,110 tons, saved 
23,000 gallons of fuel and saved over $1.6 million 

in concrete and transportation costs by reusing 
materials onsite and recycling construction waste. 

• Reused and 
recycled 

construction 
waste; 

Sequestered 
carbon 

• Combined analysis of primary data 
(estimated total trip miles for 

specifying new concrete vs. trip miles 
avoided by recycling) and secondary 
data (average carbon emission from 

concrete;  

22 
Dutch Kills 

Green 

• Prevents over 20.2 million gallons of storm water 
from entering the city's combined sewer system 

annually, avoiding a projected $3.4 million in 
future capital costs to upgrade storm water 
infrastructure, such as constructing a larger 

combined sewer overflow tunnel. 

• Prevented storm 
water from 

entering combined 
sewer system 

• Combined analysis of primary data 
(storm water calculated using 

sourced biofiltration and infiltration 
equations) and secondary data 

(annual precipitation of the region; 
relevant storm water information from 

the firm) 

• Reduces irrigation needs by 786,500 gallons per 
year through a native and adapted plant palette, 

saving $3,500 in annual irrigation costs when 
compared to a standard lawn. 

• Reduced 
irrigation needs  

• Combined analysis of primary 
data(irrigation needs calculated using 
an equation created by the team) and 

secondary data (evaporation per 
year, average annual rainfall) 

• Stores 4,698 lbs of carbon and sequesters 1,079 
lbs of carbon per year in 174 new trees on site 

and adjacent to the site. 

• Stored and 
sequestered 

carbon 

• Analysis of primary data (data as 
collected from site); carbon 

sequestration and storage calculated 
using a tool - i-Tree Eco v5 

• Reduces average ambient noise within the green 
by 23%. By removing two lanes of traffic that 
formerly bisected the space and adding lush 

vegetation, noise from traffic and the elevated rail 
lines decreased from a typical range of 85-101dB 

to 69-75dB. 

• Reduced 
ambient noise 

• Analysis of primary data (noise 
levels averaged out from samples 
taken through "Decibel Meter Pro” 
application for the Apple iphone; 

samples taken at different times and 
at different locations) 

23 

Elmer 
Avenue 

Neighborho
od Retrofit 

• Infiltrates up to 5.4 million gallons of storm water 
annually. 

• Infiltrated storm 
water 

• Analysis of primary data (storm 
water infiltration calculated based on 
infiltration equation) compared with 

secondary data (estimate of drinking 
water per family) 
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• Improves water quality by reducing 
concentrations of lead, copper and total 

suspended solids by 60%, 33%, and 18% 
respectively, by passing water through a catch 

basin sump before it enters the infiltration gallery. 

•  Improved water 
quality 

• Analysis of secondary data 
(concentrations of pollutants 

calculated from results of water 
samplings as reported)  

• Reduces potable water use by 30% for 
homeowners with enhanced front yards and 10% 

for others, saving homeowners $120-$360 
annually. 

• Reduced use of 
potable water 

• Analysis of secondary data 
(research done by public agency like 

Metropolitan Water District)  

• Increased soil sequestration potential by 
approximately 6 times, resulting in 7.25 tons of 
carbon sequestered annually by soil and plant 

tissue. 

• Sequestered 
carbon by soil and 

plant tissue 

• Analysis of secondary data 
(assessment by project's agronomist) 

- pre condition vs. post condition 

24 
Erie Street 

Plaza 

• Saves 495 gallons of potable water and $220 
annually by using river water for irrigation of 

planted areas. 

• Reduced use of 
potable water 

•  Strategically designed to reclaim 
river water for irrigation needs and 

analysis of secondary data (irrigation 
factors for landscaped areas from 
guidelines; usage data as provided 

by the city) 

• Reduces surface temperatures by an estimated 
5°F, by replacing 100% of the asphalt on the site 

with concrete pavers and plantings. The 121 
poplar trees will also cool the plaza by providing 

approximately 4,840 sf of shade when they reach 
half-maturity. 

• Reduced surface 
temperatures 

• Combined analysis of primary data 
(areas of various surfaces) and 

secondary data (Solar Roof Index 
number derived from reflective index 
and emittance index of the material 

based on USGBC guide on new 
construction and renovation using a 

tool - SRI calculator); asphalt surface 
vs. vegetation 

25 
Frontier 
Project 

• Infiltrates or reuses all rainwater falling on the 
site for up to a 5-year storm event, preventing an 
estimated 48,878 gallons from entering the local 
municipal storm water system for each 5-year 

event. 

• Infiltrated storm 
water; Prevented 
storm water from 

entering combined 
sewer system 

• Analysis of secondary data (unit 
hydrograph results) - pre condition 

vs.  post condition 
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• Reduces irrigation water needs by over 75% as 
compared to a conventional Southern California 
landscape through the use of water-wise native 

plants and an efficient drip irrigation system. 

• Reduced 
irrigation water 

needs 

• Analysis of primary data (irrigation 
water needs calculated from the 

LEED Calculator 2.2 for the Water 
Efficient Landscaping credit) - typical 

water usage of region vs. current 
water usage of site 

• Avoids the production of 865 lbs of CO2 annually 
by eliminating the need for fertilizer, pesticides, 

and mowing through the use of low-maintenance, 
climactically adapted native and naturalized 

plantings. 

• Avoided 
production of 

carbon 

• Combined analysis of primary data 
(carbon emissions calculated by 

using softscape area obtained from 
construction)  and secondary data 

(carbon emission equivalent numbers 
for various maintenance activities like 

mowing, fertilizer or pesticide 
application) 

• Reduces absorption of solar radiation through 
the use of high-albedo roofing material and a 
green roof, which have solar reflectance index 

(SRI) values 23 and 7 times higher than that of a 
conventional blacktop roof. 

• Reduced solar 
radiation 

absorption 

• Analysis of primary data (Solar Roof 
Index number derived from reflective 

index and emittance index of the 
material - using a tool - SRI 

calculator); green roof and terrazzo 
finish vs. blacktop finish 

26 
Gary Comer 

Youth 
Center 

• Produces 1,000 lbs of fruits and vegetables 
annually. Food from the rooftop feeds 175 

children at the center each day, is distributed 
among four local restaurants, and is sold at a local 

farmers market. 

• Produced 
organic 

vegetables and 
other organic 

produce 

• Combined analysis of primary data 
(interview with a key informant - 

verification of secondary data) and 
secondary data (annual yield as 

reported and published in the report) 

• Creates a hospitable microclimate in the rooftop 
courtyard, with average temperatures between 
20-30°F warmer on the roof in winter and 10°F 

degrees cooler in summer. 

• Created 
hospitable 

microclimate 

• Combined analysis of primary data 
(avg. temperature measurements 

data from the weather station on site) 
and secondary data (monthly climate 

data recorded for airport) 
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27 
High Desert 
Community 

• Maintains 50% of the site's original juniper 
prairie ecotype by minimizing construction 

disturbance, cutting roads into the hillside instead 
of mass grading, and using a native plant palette 

for all public areas, right-of-ways and private 
areas outside of building envelopes. 

• Preserved 
original ecotype 

for original juniper 
prairie 

• Analysis of primary data (area of 
disturbance calculated using area 
takeoffs from digitized AutoCAD 

infrastructure) 

• Uses only 20% of the city's annual water 
allowance in landscape areas, saving as much as 

28.7 million gallons or $300,000 each year. 

• Reduced use of 
landscape water 

• Analysis of secondary data (record 
of water used in the region vs record 

of water allowed in the region) 
• Increased carbon sequestration on the site by 
170,160 tons by restoring twice the volume of 
vegetation that was displaced by all areas of 

disturbance. 

• Sequestered 
carbon 

• Calculated using a tool - National 
Tree Benefits Calculator 

• Preserves the equivalent of 15,230 trees a year, 
by using decomposed-granite mulch instead of a 
traditional yearly wood chip mulch application. At 
a ten-year lifespan, the granite mulch can save 

100,000 gallons of fuel, and reduce carbon 
release by an estimated 617,600 tons. 

• Preserved trees; 
Reduced carbon 

emissions 

• Strategically recycled onsite 
material; reduction in carbon 

emission calculated using a tool - 
ALG Carbon Calculator 

28 
Klyde 

Warren Park 

• Sequesters 18,500 lbs of CO2 annually through 
newly planted trees, equivalent to the CO2 

emitted from driving approximately 22,636 miles in 
a single passenger vehicle. These trees also 
intercept 64,214 gallons of storm water runoff 

annually through their canopies. 

• Sequestered 
carbon; 

Intercepted storm 
water 

• Calculated using a tool - National 
tree benefit calculator, compared with 

facts provided by EPA; Calculated 
using a tool - National tree benefit 

calculator 

• Reduced summer temperatures in the park by 1-
9°F compared to the average temperature for the 
park's zip code during the week of observations. 

• Reduced 
temperatures 

• Combined analysis of primary data 
(temperature measured on-site 
during site observations) and 

secondary data (average temperature 
recorded in the zip code) 

29 

Kresge 
Foundation 

Headquarter
s 

• Recharges groundwater by infiltrating 64% of 
average annual rainfall or 1.7 million gallons. The 
site can infiltrate all water from storms up to 0.86 

inches in 24 hours. 

• Infiltrated storm 
water 

• Analysis of secondary data 
(average annual precipitation, post 

occupancy evaluation reports) 
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• Eliminates the use of potable water for irrigation, 
saving over 1 million gallons of water and $6,400 

per year. 

• Reduced use of 
potable water 

• Combined analysis of primary data 
(change in the area of lawn - pre 

construction vs. post construction) 
and secondary data (irrigation water 

required by turf in the region) 
• Restored a total of 1.76 acres of native 

vegetation, which includes 53 native herbaceous 
plant species identified in a May 2010 site-wide 

plant survey. 

• Restored native 
vegetation 

• Combined analysis of primary data 
(area of vegetation from AutoCAD 

drawings) and secondary data (post 
occupancy evaluation report) 

• Reduced local surface temperatures by using 
prairie plantings instead of turf grass (average 
decrease of 12.1°F), light-colored permeable 

pavers instead of asphalt (average decrease of 
5.4°F), and green roof and high reflectance white 
roof instead of traditional roof surfaces (average 
decrease of 4.7°F and 10.5°F respectively, as 

compared to asphalt). 

• Reduced surface 
temperatures 

• Combined analysis of primary data 
(temperature measurement samples 
from seven locations with Acu-Rite 

Wireless Thermometer #00782 
indoor/outdoor digital thermometer) 

and secondary data (mean 
temperature recorded for the area) 

• Reduces annual hydrocarbon and carbon 
monoxide emissions by 15.1 pounds and 488.2 

pounds, respectively, by replacing motorized 
landscaping equipment with weekly hand weeding 

and annual prescribed burns. 

• Reduced 
hydrocarbon and 
carbon monoxide 

emissions 

• Combined analysis of primary data 
(emissions due to usage of lawn 

mowers) and secondary data 
(allowable emissions from the mower 

regulated by EPA) 
• Saved over $25,000 in material costs and 

avoided 11,000 vehicle miles and 73.6 tons of 
carbon emissions by recycling approximately 318 
tons of locally-sourced crushed concrete in gabion 

walls. 

• Recycled 
material used to 

avoid carbon 
emissions 

• Analysis of secondary data (vehicle-
mile emissions as mentioned by 

EPA) 

30 

Magnuson 
Park 

Wetlands 
and Active 
Recreation 

• Reduces suspended solids by 94%, fecal 
coliform bacteria by 99%, and increases dissolved 

oxygen by 32% as storm water runoff travels 
through wetlands, according to monitoring data. 

• Improved water 
quality 

• Analysis of primary data (quality of 
storm water before entering the 
wetlands vs. storm water treated 

through wetland before entering into 
Lake Washington) 
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• Increased species richness in the park, as 
represented by a 255% increase in the Pacific 
Chorus Frog larvae population and an increase 

from 18 to 21 species of dragonfly or damselflies 
from 2010 to 2011. 

•  Increased 
species richness 
in frog population 

• Combined analysis of the primary 
data (percent change in the 

population of frog calculated from 
monitoring reports) and secondary 

data (observation reports)  

• Avoided 985 tons of carbon dioxide emissions by 
reusing or recycling over 12,750 tons of asphalt 

and concrete from the site as compared to 
traditional landfill disposal. 

• Reused and 
recycled material; 
reduced carbon 

emission 

• Analysis of the primary data 
(volume of the material reused and 
recycled; carbon emissions from 

equivalent material if land filled vs. 
carbon emissions from recycling or 
reusing equivalent material using a 

tool - Waste Reduction Model 
(WARM) calculator by EPA. 

31 
Millennium 

Park 

• Removes 426.9 lbs of air pollutants each year 
through the addition of 550 trees. This service has 

an estimated value of $1,000 per year. 

• Improved air 
quality 

• Air quality post construction 
calculated using a tool - Air quality 

Calculator 

• Generates 19,840 kilowatt-hours (67,697 MBtu) 
of electricity and saves $2,353 in energy costs 

annually via 920 photovoltaic modules. 

• Generated 
electricity 

• Combined analysis of primary data 
(strategic use of specialized material 

which enables generation of 
electricity) and secondary data 
(electricity generated by single 

photovoltaic module) 

32 
Napa River 

Flood 
Protection 

• Expanded capacity of the river channel through 
the City of Napa by 13,000 cfs to 43,000 cfs to 

accommodate the 100-year flood. 

• Expanded flood 
storage capacity 

• Analysis of secondary data - pre 
condition vs. post condition  

• Restored 75% of the historic wetlands north of 
Butler Bridge (over 700 acres), which has 

resulted in 71 species of migratory and resident 
birds observed on-site, including the Peregrine 

Falcon and Burrowing Owl. 

• Restored 
wetlands; 

increased species 

• Combined analysis of (existing 
wetlands data and historic wetlands 
data analyzed in GIS for restored 

wetlands) and secondary data (draft 
report from monitoring wetlands) 

33 
Olympic 

Sculpture 
Park 

• Increased biodiversity of epibenthic 
invertebrates, a staple food source for juvenile 
salmon, by 20% in the first 3 years of marine 

•  Increased 
biodiversity of 

epibenthic 

• Analysis of secondary data 
(monitoring report) 
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habitat monitoring. invertebrates 
• Increased the number of observed juvenile fish 

by over 530-fold in 3 years. Populations rose 
from just over 500 in 2007 to over 265,600, within 

the first 3 years of shoreline monitoring along 
the park's pocket beach and habitat bench. 

• Increased 
population of 
juvenile fish 

• Analysis of secondary data 
(monitoring report) 

• Reduces water needs by nearly 95,000 gallons 
per week during the dry season by incorporating a 

3.5-acre meadow with a drought tolerant plant 
palette instead of more conventional turf-scaped 

sculpture garden. Annual cost savings associated 
with this water conservation total nearly $7,900. 

• Reduced water 
needs 

•  Combined analysis of the primary 
data (water required in the meadow 
vs. estimated water required for the 

turf) and secondary data (information 
from a key informant like lead 

gardener) 

34 
One Drop At 

A Time 

• Infiltrates or reuses rainwater falling on the site, 
preventing up to an estimated 85% of the 1-year 

storm from entering the local municipal storm 
water system and eliminating the need for potable 

water for irrigation. 

• Infiltrated storm 
water; prevented 
storm water from 

entering combined 
sewer system 

• Storm water volume calculated 
using NRCS TR-55 method and 

secondary data (catchment area and 
average rainfall); strategically 

designed 

• Sequesters 140 lbs of carbon annually through 
prolific uses of native prairie grasses and sedges. 

• Sequestered 
carbon 

• Calculated using National Highway 
System sequestration rates 

• Saved approximately $5,400 by using salvaged 
materials and reusing found materials on-site. 

This also prevented 8.7 cubic yards of materials 
from entering a landfill. 

• Salvaged and 
reused materials 

•  Analysis of primary data (volume of 
the material reused calculated from 

the area takeoffs from AutoCAD 
drawings)  

35 

Park 
Avenue/US 
50, Phase 1 
Redevelopm

ent 

• Reduces runoff from a 2-year, 24-hour rainfall 
event by 500,000 gallons by reducing the total 

impervious surface on the site by 20%. 

• Reduced storm 
water runoff; 

reduced 
impervious 
surfaces 

• Analysis of primary data (storm 
water runoff calculated with curve 
number method - pre condition vs. 

post condition) 

• Reduces fertilizer consumption by 70% by using 
slow-growing turf grass and organic fertilizer, 

which saves an estimated $880 annually. 

• Reduced 
fertilizer 

consumption 

• Strategic use of material which 
consumes less fertilizer; organic 
fertilizer vs. traditional fertilizer 
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36 

Pennswood 
Village 

Regional 
Storm water 
Managemen

t System 

• Reduced the rate of peak storm water runoff by 
53%, 64%, and 69% for the 2, 10, and 100 year 

storms. 

• Reduced rate of 
peak storm water 

runoff  

• Analysis of secondary data (report 
from project's civil engineer - pre 

condition vs. post condition) 
• Sequesters 11,700 lbs of carbon dioxide 

annually in the 205 new trees planted onsite. 
• Sequestered 

carbon 
• Calculated using a tool - National 

tree benefit calculator 
• Achieved ecological quality 13.8 times that of a 

standard storm water detention/retention basin, as 
measured by the Plant Stewardship Index. 

• Improved 
ecological quality 

• Calculated using a tool - Plant 
Stewardship Index (PSI)  

• Provides habitat for at least 73 bird species, 
based on cumulative data from counts by 

residents. 
•  Provided habitat 

•  Analysis of secondary data (counts 
as provided by residents) 

37 

Port of Los 
Angeles 

Wilmington 
Waterfront 

Park 

• Reduces noise levels for C Street residents by 
approximately 10 decibels, which cuts the 

experienced sound level in half and improves 
outdoor environment conditions. 

•  Reduced noise 
levels 

•  Combined analysis of primary data 
(interview with acoustic engineer) and 
secondary data (recommended noise 
levels by  EPA  for enjoyable outdoor 

environments) 
• Reduces potential annual landscape water use 
40% by using drought tolerant plantings, artificial 

turf, and drip irrigation, representing 
approximately $25,000 in annual savings. 

• Reduced use of 
landscape water 

•  Analysis of primary data 
(landscape water needs estimated 
using planting plans and WUCOLS 

methodology)  
• Removes nitrogen oxides from 2.45 million 

gallons per day of air that passes across a test 
panel coated with titanium dioxide. Air pollutant 

removal will increase as more surfaces throughout 
the park are coated with TiO2. 

•  Removed air 
pollutant like 

nitrogen oxide  

•  Analysis of secondary data 
(catalyst TiO2 is capable of removing 

nitrogen dioxide) 

• Sequesters 17,500 lbs of carbon and reduces 
storm water runoff by 90,300 gallons annually 

through tree plantings alone. 

• Sequestered 
carbon; reduced 

storm water runoff 

• Calculated using a tool - National 
tree benefit calculator 

• Saved $97,500 in hauling costs by reusing 
approximately 11,700 cubic yards of crushed 

cement and asphalt waste as paving base 
throughout the park. 

•  Reused 
materials 

• Analysis of secondary data (amount 
of re-used material provided by 

engineer) 
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38 

Portage 
Lakefront 

and 
Riverwalk 

• Increased the total size of Portage City Parks by 
14% through the addition of 57 acres of dunes, 
trails, and lakefront and provides the city's first 

free public lake access. 

• Increased total 
size of parks 

• Calculated percent change of park 
area 

• Provides habitat for at least 683 species of 
plants, birds, mammals, amphibians, reptiles and 
insects, including 8 federally threatened or state 

rare species. 

• Provided habitat 
•  Analysis of secondary data 

(documentation for LEED) 

• Infiltrates up to 46 million gallons or 90% of 
annual rainfall on the site. The remainder drains 
off the site into Lake Michigan following natural 

drainage patterns. 

•  Infiltrated storm 
water 

• Combined analysis of primary data 
(strategically designed to maintain 
drainage patterns) and secondary 

data (documentation for LEED) 
• Eliminates the need for irrigation, saving an 

estimated 230,000 gallons of potable water by 
using 13,000 sf of native and drought tolerant 

plants in ornamental garden settings in place of 
more traditional perennial plant choices. 

• Eliminated use of 
potable water for 

irrigation 

•  Irrigation water needs calculated 
based on the guidelines and 
performance benchmarks by 

Sustainable Sites Initiave (SITES) 

• Recycled or otherwise diverted 100 tons of 
waste from landfills, 75% of the waste generated 

during the construction process. 
•  Recycled waste  

• Analysis of secondary data 
(documentation for LEED) 

39 
Randall 

Children's 
Hospital 

• Prevents over 6.7 million gallons of storm water 
from entering the city's combined sewer system, 
saving approximately $1,300 in annual storage 

and pumping costs. This also avoids a projected 
$26.8 million in future capital costs to upgrade 

storm water infrastructure, such as constructing a 
larger combined sewer overflow (CSO) tunnel. 

• Prevented storm 
water from 

entering combined 
sewer system 

• Combined analysis of primary data 
(storm water calculated using 

sourced biofiltration and infiltration 
equations) and secondary data 

(annual precipitation of the region) 

• Reduces irrigation needs by 935,500 gallons per 
year through a native or adapted plant palette, 
saving $4,300 in annual irrigation costs when 

compared to a standard lawn. 

•  Reduced 
irrigation needs 

• Irrigation needs calculated based on 
the secondary data (average annual 

rainfall and water lost from 
evaporation) 
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• Reduces total suspended solids (TSS) in storm 
water runoff by an average of 92%. This is 22% 

above the minimum required by the City of 
Portland 2008 Storm water Management Manual. 

•  Improved water 
quality 

•  Combined analysis of primary data 
(Lab tests done on samples collected 
from entrance of the filtration system 
and from exit of the filtration system) 
and secondary data (requirements of 

the City) 
• Stores 5,263 lbs of carbon and sequesters 973 
lbs of carbon per year in 206 new trees on-site 

and adjacent to the site. 

•  Sequestered 
carbon; stored 

carbon 

•  Calculated using a tool - i-Tree Eco 
v5 

40 

Ravinia 
Festival 
South 

Parking Lot 

• Eliminated surface flooding, which previously 
occurred at an average of 25 days per year, 

reducing the capacity of the lot for parking. After 
receiving over 8 inches of rain in 48 hours on July 
22-23, 2011, the lot remained free from standing 

water. 

• Eliminated 
surface flooding 

•  Analysis of secondary data (rainfall 
record from National Climatic Data 

Center) - pre condition vs post 
condition 

• Ensured the continued sequestration of 21,500 
pounds of carbon per year by preserving 49 oaks 

that were threatened by root-zone compaction 
and inundation, saving over $25,000 in tree 

replacement costs. 

•  Sequestered 
carbon 

• Calculated using a tool - National 
tree benefit calculator 

41 
Richmond 

Canal Walk 

• Saved an estimated $33,500 in material costs by 
recovering and reusing more than 550 tons of 

historic canal stone along the 2,240 linear feet of 
coping. 

•  Reused material 
found on site  

• Reused material calculated based 
on secondary data (information as 

provided by firm)  

42 
Riverside 

Ranch 

• Sequesters 43 tons of carbon annually in the 
453 trees on the property, approximately the 

same amount of CO2 released by burning 4,372 
gallons of gasoline. 

• Sequestered 
carbon 

• Calculated using a tool - National 
tree benefit calculator, compared with 

facts provided by EPA  

• Provides suitable habitat for two trout species 
through a series of created ponds and wetlands. 
Water quality testing showed temperature, pH, 

and alkalinity to be within suitable ranges. 

•  Provided habitat 
for trout species 

• Combined analysis of primary data 
(strategically designed in 

collaboration with aquatic consultant; 
samples collected on-site for water 
quality tests) and secondary data 

(visual confirmation from researchers 
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on-site) 
• Reuses nearly 8,000 cubic yards, or 95%, of 

material excavated from ponds to re-contour the 
site, obviating the need to import fill and saving on 

disposal, purchasing, and transportation costs. 

• Reused 
materials 

• Analysis of secondary data (cut and 
fill calculations done by engineering 

company) 

• Prevented 42 cubic yards of asphalt from 
entering the local landfill by using a recycled 

asphalt paving mix to create the access 
driveways. 

• Recycled 
asphalt; prevented 
from entering into 

landfill 

• Amount of asphalt recycled 
calculated using AutoCAD 

construction drawings 

• Prevented over 430 cubic feet of wood from 
entering the local landfill by purchasing reclaimed 

wood instead of new lumber to reconstruct the 
facades on the historic buildings. This was 

estimated to reduce greenhouse gas emissions by 
10 metric tons of carbon dioxide equivalent. 

• Reclaimed wood 
used; prevented 

from entering into 
landfill; reduced 

green house 
emission 

• CO2 emissions avoided by using 
reclaimed wood using a tool - EPA's 

Waste Reduction Model (WARM) 
Calculator 

43 

Salvation 
Army Kroc 
Community 

Center 

• Captures the first 1" of storm water runoff from 
the site and building and infiltrates or uses it 

onsite. 

• Infiltrated storm 
water runoff 

• Analysis of secondary data(Post 
Construction Storm water 

Management Report) 
• Reduced the rate of storm water runoff by 98%, 
97%, and 64% for the 2, 10, and 100 year storms, 
respectively, when compared to predevelopment 

conditions. 

• Reduced rate of 
storm water runoff 

• Analysis of secondary data (Post 
Construction Storm water 

Management Report) - pre condition 
vs. post condition 

• Increased ecological quality by 34 times that of 
the former site, as measured by the Plant 

Stewardship Index, an assessment of native 
biodiversity based on a site's plant list. 

• Increased 
ecological quality 

• Calculated using a tool - Plant 
Stewardship Index (PSI)  

• Sequesters 15,293 lbs of carbon dioxide 
annually in the 562 new trees and shrubs planted 

onsite. 

• Sequestered 
carbon 

• Calculated using a tool - National 
Tree benefit Calculator 

• Saved $575,000 in disposal fees and prevented 
12,500 cubic yards (17,500 tons) of material from 
entering landfills by reusing 100% of the existing 

pavement onsite. 

•  Reused 
material; 

prevented from 
entering into 

landfill 

• Amount of reused material 
calculated based on area and depth 

of the pavements 
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44 
Seattle 

Children's 
Play Garden 

• Captures and infiltrates 150,040 gallons of storm 
water runoff annually from 7,500 sf of impervious 
surfaces, saving an estimated $300 in city storm 

water management fees each year. 

•  Infiltrated storm 
water runoff 

•  Runoff calculated by using - 
Washington State Department of 

Ecology Rain Harvesting Toolkit and 
secondary data for drainage costs 
per 1000 sq. ft. as developed by 

Seattle Public Utilities 

• Yields an estimated 940 lbs (0.4 tons) of fruits 
and vegetables each year, which has an 

estimated value of $1,100. 

• Produced 
organic 

vegetables and 
other organic 

produce 

• Amount of vegetables and organic 
produce grown estimated using a tool 

- Grow your own vegetables value 
calculator) 

45 Shanghai 
Houtan Park 

• Cleans up to 634,000 gallons of polluted river 
water daily, improving the water's quality from 

Grade V (unsuitable for human contact) to Grade 
II (suitable for landscape irrigation) using only 

biological processes. 

• Improved water 
quality 

• Analysis of primary data (water 
quality tests and on site observations) 
- pre treatment water quality vs. post 

treatment water quality 

• Saves $116,800/year in water costs at the 
adjacent Expo Park where 264,000 gallons of 

water treated by Houtan Park's wetland 
purification system is used in the water features. 

 • Used wetland 
purification system 
for purifying water 
for water features 

•  Strategic use of created wetlands 

• Increased the biodiversity of the site 
dramatically, with 93 species of plants and over 

200 species of animals observed. 

•  Increased 
Biodiversity 

•  Analysis of secondary data  

• Sequesters an estimated 242 tons of carbon 
annually in park's extensive wetlands, perennial 

plantings, and trees. 

• Sequestered 
carbon 

• Calculated using a tool - National 
tree benefit calculator 

• Reduced waste and saved an estimated $17,300 
by reusing 37 tons of steel and roughly 34,000 

post-industrial bricks found on the site. 

• Reused 
materials; reduced 

waste  

• Strategically designed elements to 
incorporate materials found on site 

and thus reduce waste 
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46 

Simon and 
Helen 

Director 
Park 

• Prevents over 990,000 gallons of storm water 
from entering the city's combined sewer system, 

saving $200 in annual storage and pumping costs. 
This also helps avoids a projected $3.9 million in 

future capital costs to upgrade storm water 
infrastructure, such as constructing a larger 

combined sewer overflow (CSO) tunnel. 

• Prevented storm 
water from 

entering combined 
sewer system 

• Combined analysis of primary data 
(storm water calculated using 

sourced biofiltration and infiltration 
equations) and secondary data 

(annual precipitation of the region, 
rainfall in the region) 

• Eliminates the need to use potable water for 
irrigation through rainwater harvesting and 

drought-tolerant planting palette, saving 64,500 
gallons or $300 annually. 

• Eliminated the 
need of potable 

water for irrigation 

• Irrigation needs calculated based on 
the secondary data (average annual 

rainfall and water lost from 
evaporation) 

• Stores 2081 lbs of carbon and sequester 258 lbs 
of carbon per year in 24 new trees. 

• Sequestered 
carbon; stored 

carbon 

• Calculated using a tool - i-Tree Eco 
v5 

47 
Snoqualmie 
Falls Upper 

Park 

• Designed to capture all of storm water runoff 
generated on the site and will save nearly $28,000 

over the next decade on storm water 
management fees assessed by the County. 

• Captured storm 
water runoff 

• Analysis of secondary 
data(conversation with lead designer 

and civil engineer of the project) 

• Sequesters approximately 36 metric tons of CO2 
in the soil by restoring and enhancing nearly 1 

acre of native upland habitat. Additional carbon is 
stored in the 111 canopy trees (91% of existing) 

that were preserved on the site. 

• Sequestered 
carbon 

• Calculated using a tool - 
Construction Carbon Calculator 

• Reduces potential annual landscape water use 
by about 950,000 gallons (enough to supply 21 
single-family households) through the use of a 
water-efficient, low-flow irrigation system. This 

saves about $3,000/year in water costs as 
compared to a standard, code-compliant system. 

• Reduced use of 
landscape water 

• Landscape water needs calculated 
based on estimate from local 

irrigation company) 

48 

Tangshan 
Nanhu Eco-
city Central 

Park 

• Sequesters an estimated 2,800 metric tons (6.2 
million lbs) of CO2 annually in the trees of the 
park, equivalent to removing 550 passenger 

vehicles from the road each year. 

• Sequestered 
carbon 

• Calculated using a tool - National 
tree benefit calculator, compared with 

facts provided by EPA  
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• Provides habitats for 6 fish, 4 reptile, 3 
amphibian, 2 mammal, and 81 bird species 

observed on the site. Of these, 7 are nationally-
protected wildlife species. 

• Provided habitat • Analysis of secondary data  

• Reduces potable water consumption by 
29,200,000 cubic meters (7.7 billion gallons) 
annually, equivalent to 11,680 Olympic-sized 

swimming pools, by importing reclaimed water 
from a nearby sewage treatment plant. The 

reclaimed water is further treated in a series of 
constructed wetlands and used for water body 

recharge and irrigation in the park, saving about 
$15.4 million per year. 

• Reduced use of 
potable water 

•  Strategic use of constructed 
wetlands to treat reclaimed water for 

further use in park. 

• Saved $47.2 million in material costs by reusing 
6 million cubic meters of coal ash to produce 

foundations and bricks used in park construction. 

• Reused 
materials 

• Analysis of secondary data 
(information provided by designer)   

• Saved $369,000 in construction costs by 
recycling 133,820 trunks of dead trees to form an 
embankment structure to prevent erosion along 

the lakeshore. 

• Recycled dead 
trees 

• Analysis of secondary data (number 
of trees recycled) 

49 

Tassajara 
Creek 

Restoration 
Project 

• Contains the 100-year flood event (peak flows of 
5,200 cfs) while largely halting chronic incision 

that had resulted in a degraded channel. 

• Increased flood 
storage capacity 

•  Analysis of secondary data 

• Prevented 208 cubic yards of concrete from 
entering a landfill by repurposing material from a 

former military bridge and a drop structure as 
buried riprap along the channel. This saved an 

estimated $8,500 in material costs and $10,300 in 
disposal costs. 

• Repurposed 
material; 

prevented from 
entering into 

landfill 

• Amount of concrete repurposed was 
calculated based on estimated riprap 

and estimated concrete used in 
bridge 

50 
Teardrop 

Park 

• Eliminated 60 tons of stone waste, 80 gallons of 
diesel, and 1,776 lbs of carbon by constructing a 
full scale mock-up of the Ice-Water Wall at the 

quarry, ensuring that no extra stone was shipped 
to the job. 

•  Eliminated stone 
waste 

• Analysis of secondary data 
(information from owner of the 

quarry) 
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• Achieved 99.5% establishment of the 3,260 
woody trees and shrubs planted at Teardrop by 

calibrating factors in the manufactured soils such 
as load bearing capacity, water retention, 

drainage and nutrient levels. 

• Achieved 
establishment of 

trees  

• Analysis of secondary data 
(accounts of plant mortality vs. plant 

list specified by designer) 

• Maintains healthy levels of nitrogen without the 
addition of any nitrogen fertilizer and encourages 

30-50% greater root development by regularly 
performing biological soil tests and balancing soil 
microorganisms through compost tea application. 

•  Maintained 
nitrogen levels 

• Analysis of secondary data (soil 
analysis results) 

• Eliminates potable water use for lawn irrigation, 
saving an estimated 90,000 gallons of water and 
$385 annually by recycling greywater from the 

adjacent Solaire Building. 

•  Eliminated use 
of potable water 
use for irrigation 

• Analysis of secondary data 
(irrigation needs provided by irrigation 

consultant) 

51 The Avenue 

• Prevents 76,000 gallons of annual storm water 
runoff from entering the city's aging combined 
sewer system by collecting and reusing runoff 

from a 40,000 sf area of the courtyard and office 
building roof and reusing it in the courtyard for 

irrigation and water feature replenishment. 

• Collected storm 
water runoff; 

Prevented storm 
water from 

entering combined 
sewer system 

•  Storm water runoff calculated 
based on the water needed per 

month for irrigation and water lost 
through evaporation  

• Eliminates the use of potable water in the 
landscape, saving 76,000 gallons of water and 
approximately $730 per year. The use of native 

and drought-tolerant plants, as well as high-
efficiency irrigation systems, helps by reducing the 

amount of water needed for irrigation by 62%. 

• Eliminated use of 
potable water use 

for irrigation 

•  Potable water use needs calculated 
based secondary data (preliminary 

calculations done by firm) 

• Reduces summer rooftop temperatures by using 
a combination of vegetated and light-colored 
roofing materials. Air temperatures above the 

green roof were an average of 3.5°F cooler than 
above the light-colored roof areas and overall 

peak roof surface temperature is estimated to be 
approximately 40°F cooler than a conventional 

black roof. 

• Reduced air 
temperatures 

• Analysis of primary data (ambient 
temperature readings taken on-site 

on different roofing materials) 
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• Will sequester over 12,000 lbs of carbon 
annually and supply an estimated 24,000 sf of 

shade, when the 34 street trees reach their 
mature size, as projected by the 900 cu ft of 

structural soil available per tree. 

•  Sequestered 
carbon 

• Combined analysis of primary data ( 
Carbon sequestration calculated 

using a tool - National tree benefit 
calculator) and secondary data 

(relationship between soil volume and 
tree size) 

52 
The Willow 

School 

• Reduces potable water consumption by 375,000 
gallons per year by using harvested rainwater to 
flush school toilets. This saves $2,230 annually. 

• Reduced 
consumption of 
potable water 

• Combined analysis of primary data 
(consumption of potable water 
calculated based on monthly 

harvested rainwater volume) and 
secondary data  (monthly average 

precipitations) 
• Treats and infiltrates 380,000 gallons of 

wastewater annually with a system that includes 
constructed wetlands and a sand filter. 

•  Infiltrated 
wastewater 

treated 

•  Analysis of primary data (volume of 
treated wastewater as collected when 

monitored) 
• Recycles an average of 280lbs of organic waste 

each month as compost for the vegetable 
gardens. Nearly all students surveyed always 

compost organic waste at school. 

•  Recycled 
organic waste 

• Analysis of secondary data 
(school's records and survey results 

from a dissertation) 

53 

Thomas 
Jefferson 
University 

Lubert Plaza 

• Captures and detains at least 1 inch of 
precipitation for a 1.6-acre area, approximately 

half of a city block. 

• Captured and 
detained 

precipitation 

• Amount of precipitation captured 
calculated based on the storage 

capacity of the cistern and area of the 
building foot print 

• Captures and reuses up to 17,700 gallons of 
storm water and air conditioning condensate for 

irrigation. 

• Captured and 
reused storm 
water and air 
conditioning 
condensate 

• Volume of storm water that can be 
captured and reused calculated 

based on cistern’s dimensions and 
storage capacity 

54 

Tianjin 
Qiaoyuan 
Park: The 
Adaptation 

Palettes 

• Improves soil alkalinity in the dry ponds and 
water quality in the wet ponds as evidenced by 
field measurements. Soil pH dropped from 7.7 

and now fluctuate around 7.2, and water pH levels 
dropped from 7.4 to 7 or less. 

• Improved soil 
alkalinity; 

improved water 
quality 

• Analysis of primary data (Soil 
samples taken on site and tested) - 

pre condition vs. post condition 
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• Increased the habitat value of the site, with the 
number of herbaceous plant species increasing 
from 5 on the existing site to 58 following park 

construction to 96 two years after the park 
opened. Ducks, geese, foxes, hedgehogs, rats, 
and weasels have been observed on the site. 

• Increased 
number of 

herbaceous plant 
species 

• Analysis of secondary data (post 
occupancy evaluation study) 

• Sequesters an estimated 539 tons of carbon in 
the trees and plants on the site, a service valued 

at approximately $7,200. 

• Sequestered 
carbon 

sequestration 

• Calculated using a tool - National 
tree benefit calculator 

• Reduces the noise level from 70dB outside of 
the park to 50dB in the park as evidenced by field 

measurements. 

•  Reduced noise 
levels 

• Analysis of primary data (noise 
levels measured on site using hand-
held noise meters) - inside the park 

vs. outside the park 
• Saved approximately $25,500 in lumber costs by 

reusing 84.5 cubic meters of old railroad ties in 
the construction of the observation platforms and 

bridges. 

•  Reused the 
lumber from site 

• Strategically decided for cost 
savings 

55 

Tujunga 
Wash 

Greenway 
and Stream 
Restoration 

Project 

• Infiltrates up to 118 million gallons of water from 
the concrete Tujunga Wash flood channel each 
year, recharging the San Fernando groundwater 

basin. 

• Infiltrated Storm 
water 

• Combined analysis of primary data 
(flood storage capacity of stream) 

and secondary data (hydrograph of 
annual precipitation as recorded and 

other watershed studies) 

• Reduces potential landscape water use by 70-
80% by using all native plants. This saves $8,000-

$20,000 per year in irrigation water costs. 

• Reduced use of 
landscape water 

• Landscape water needs calculated 
based on the planting list provided 

and secondary data (average annual 
irrigation rate)   

56 

University of 
Texas at 
Dallas 

Campus 
Landscape  

• Sequesters 154 tons of CO2 annually through 
newly planted trees, equivalent to the CO2 

emitted from driving approximately 370,000 miles 
in a single passenger vehicle. The tree canopies 
also intercept approximately 1,078,000 gallons of 

storm water runoff annually. 

• Sequestered 
carbon; 

intercepted storm 
water 

• Calculated using a tool - National 
tree benefit calculator, compared with 

facts provided by EPA; Calculated 
using a tool - National tree benefit 

calculator 
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• Reduces the peak storm water flow rate for a 2-
inch rain event by 18.7% from 35.1 cfs to 28.6 cfs 

by reducing impervious surfaces by 49% or 4.3 
acres. 

•  Reduced peak 
storm water flow 

• Peak storm water flow calculated 
using Rational Method - pre-condition 

vs. post-condition 

• Manages all runoff along the 1.1-mile main entry 
drive for up to a 100-year storm event using native 

woodland bio-retention areas. 

• Managed storm 
water runoff on 

site 

• Storm water runoff entering the 
native woodland calculated using 

Rational Method and compared with 
holding capacity of bio-retention  

57 

Uptown 
Normal 

Circle and 
Streetscape 

• Saves $7,600 annually in potable water costs by 
capturing 1.4 million gallons of storm water from a 
58,800 sf area and reusing it in the water feature 

and for irrigation. 

• Reused storm 
water in water 

features and for 
irrigation  

•  Volume of storm water collected in 
cistern calculated based on 

secondary data (surface area 
draining into cistern and average 
annual precipitation in the region  

from National Climatic Data Center)  

• Prevents an additional 1.4 million gallons of 
storm water from entering the municipal storm 

sewer by directing runoff from sidewalks into tree 
wells and planter areas augmented by 

underground structural cells. This also recharges 
groundwater. 

• Prevented storm 
water from 

entering combined 
sewer system 

• Strategically designed to divert 
storm water into the structural cells; 
volume of storm water draining into 

structural cells calculated with 
primary data (total area of sidewalk) 
and secondary data (average annual 

precipitation in the region  from 
National Climatic Data Center)  

• Improves water quality in the fountain by 
removing an estimated 91% of total suspended 

solids, 79% of total phosphorous, and 64% of total 
nitrogen from storm water with each pass through 

the sand, UV, and bog filter system. 

• Improved water 
quality; removed 
water pollutants 

• Percent removal of pollutants 
calculated with primary data 

(drainage acreage, percent removed 
by pocket marsh) and secondary data 
(amount of pollutants from drainage 

area) 
• Sequesters at least 10,790 pounds of carbon 

annually in 104 new trees. 
• Sequestered 

carbon 
• Calculated using a tool - National 

tree benefit calculator 

58 

Watch 
Factory, 

Phases 1 
and 2 

• Reduces the rate of peak runoff discharge to the 
Charles River by 8.4 cfs or 9% for the 25 year, 24-
hour storm event. The Charles River is a diverse 

ecosystem, home to 28 known fish species. 

• Reduced rate of 
peak runoff 
discharge 

• Analysis of primary data (watershed 
modeling in HydroCAD) - pre 
condition vs. post condition 
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• Improves the quality of runoff discharged into the 
Charles River by decreasing nitrate loading by 30-

50%, phosphate loading by 30-40%, and 
increasing dissolved oxygen by 60%, according to 

water quality sampling data. 

• Improved quality 
of runoff discharge 

• Analysis of primary data (Storm 
water samples taken on site and 

tested) - Untreated storm water vs. 
treated water from rain gardens 

• Reduces total suspended solids and metals by 
an estimate of 90% and non-point contributors 

such as oils and grease by an estimated 67% by 
using vegetated rain gardens to manage roof and 

sheet flow runoff. 

• Reduced water 
pollutants 

• Combined analysis of primary data 
(strategic decision of designing an 
LID feature specifically to optimize 

storm water management) and 
secondary data (reports of an 

experiment conducted on a similar 
condition) 

• Decreases summertime ambient air temperature 
in the Prospect Street Parking area by 13°F 

through the preservation of established shade 
trees. 

• Reduced 
ambient 

temperature 

•  Analysis of primary data 
(measurements taken on site using a 
manufacturer heat sensor gun) - on 

site measurement vs. nearby location 
measurement 

59 
Westerly 
Creek at 
Stapleton 

• Decreased existing sub-watershed floodplain 
from approximately 183 acres to 66 acres by 

increasing flood storage capacity. 

• Decreased sub-
watershed 
floodplain; 

Increased flood 
storage capacity 

• Analysis of secondary data 

• Improved the site's water conveyance capacity 
from 1,500 cubic feet per second (28% of the 

predicted 100-year flood flow) to 6,000 cfs (113% 
of predicted 100-year flood flow) by removing over 

4,000 linear feet of culverts and restoring the 
stream to a surface flowing water body. 

•  Improved water 
conveyance 

capacity 

• Analysis of secondary data (design 
capacity flow rates) - pre condition vs. 

post condition 

• Conveys a base flow of 3 cfs, a low flow of 200 
cfs, and an annual peak flow of 800 cfs through 

the single-thread meandering stream. Flood flows 
(for 2, 5, 10, 50, and 100-year flood events) were 

reduced by an average of 44%. 

• Reduced flood 
flows 

• Analysis of secondary data (peak 
flow rates) - pre condition vs. post 

condition 
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• Reduced water velocities to an estimated 1-5 fps 
at low flow, and 3-5 fps at peak flow, thereby 

reducing the stream's shear stress/erosive force. 

• Reduced water 
velocities 

• Analysis of secondary data (velocity 
rates) 

• Increases storm water infiltration in sub-
watershed by 9%, or 8.7 acre feet, by adding 35 

acres of pervious surfaces. 

• Increased storm 
water infiltration 

• Analysis of secondary data 
(hydrological data) - pre condition vs. 

post condition 
• Improves water quality of downstream fluvial 
systems by increasing dissolved oxygen and 

decreasing suspended sediment. 

•  Improved water 
quality 

• Analysis of secondary data water 
quality reports from government 

departments ) 
• Sequesters up to 240 tons of carbon annually 
from 50 acres of native prairie vegetation cover, 
24 times more carbon than if bluegrass sod had 

been used. 

•  Sequestered 
carbon 

• Sequestration of carbon calculated 
based on the secondary data (rate of 
sequestration for established prairie) 

• Saved nearly $989,000 in hauling costs by 
reusing 860,000 cubic yards of excavated soil 

onsite as architectural berms instead of hauling it 
offsite for disposal. 

•  Reused 
excavated soil 

• Analysis of secondary data 
(estimated quantity for earthwork 

excavated) 

60 

William G. 
Milliken 

State Park 
and Harbor, 

Phase 2 
Lowland 

Park 

• Filters an anticipated 100% of surface runoff 
totaling 4.5 million gallons annually, from 12.5 
acres of developable properties adjacent to the 

park. 

• Filtered surface 
runoff 

• Estimated annual discharge is 
calculated based on the drawings 
provided by firm - pre condition vs. 

post condition 

• Removes an anticipated 99% of sediment, 91% 
of phosphorus, 74% of nitrogen, 97% of lead, 91% 
copper and 87% of zinc from surface runoff from 

surrounding parcels. 

•  Improved water 
quality 

• Water quality calculations done with 
Treatment Train approach based on 
the drawings provided by firm and 
standard reductions in the particles 

from various BMPs 
• Creates native habitat for 62 confirmed species 
of migratory and resident birds, which were not 

present on the previous brown field. Species on-
site include birds sensitive to loss of wetlands 
such as Virginia rails, red-winged blackbirds, 

swamp sparrows and marsh wrens, as well as 
species of reptiles and amphibians such as 
bullfrogs, green frogs and painted turtles. 

• Created habitat 
for migratory and 

resident birds 

• Analysis of secondary data (list of 
species provided by the state park 
staff - post condition; pre condition 

data not available)  



 

 

116
116

• Sequesters 3 tons of carbon per year in over 450 
tree and shrubs on the once largely non-

vegetated site 

•  Sequestered 
carbon 

• Calculated using a tool - National 
tree benefit calculator 

61 

Yuma East 
Wetlands, 
Phases 1 

and 2 

• Created habitat for 330 species of wildlife, 
including 2 federally threatened and endangered 

species and 4 additional species of concern. 
Observations of the endangered Yuma Clapper 

Rail increased from <1 to 5 per year, and 
observations of the endangered Southwestern 
Willow Flycatchers increased from 2 to >4 per 

year. 

• Created habitat 
for threatened and 

endangered 
species  

• Analysis of secondary data (as 
monitored and documented by 

biologists involved in the monitoring 
program)    

• Reduced the project's water demand by 49-71% 
per year compared to other re-vegetation efforts in 

this extremely arid region through the use of 
innovative, site-specific irrigation techniques. 

• Reduced the 
water demand 

• Combined analysis of primary data 
(total annual irrigation volume 

required) and secondary 
data(irrigation volume required by 
other similar efforts in the region)  

• Achieved 90% survival of more than 300,000 
plants. A 90% plant survival rate is excellent in 

any region, and exceptional in the arid and saline 
conditions of the lower Colorado. 

• Achieved 
excellent plant 
survival rate 

• Analysis of secondary data (as 
documented by biologists involved in 

the monitoring program) 

62 

Boneyard 
Creek 

Restoration:
Scott Park 

and the 
Second 
Street 

Detention 
Basin 

• Provides 100-year flood protection by containing 
the 15 million gallons of storm water generated 

during a 100-year storm event. 

• Contained storm 
water generated 
during 100-year 

storm event  

•  Volume of storm water produced is 
calculated using secondary data 

(hydraulic modeling developed using 
SWMM, provided by the firm) 

• Improved habitat value of the site from 
"poor/marginal" to "suboptimal". USEPA Rapid 
Bioassessment habitat scores for the Detention 

Basin and Scott Park Stream rose from 58 and 69 
(May 2008) to 133 and 135 (August 2012). Ducks, 

Canada geese, turtles, and green heron have 
been observed on the site. 

• Improved habitat 
value 

• Analysis of secondary data (Rapid 
Bioassessment report by the 

consultant and monitoring data by the 
City) - pre condition vs post condition 
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• Improved physical characteristics and water 
quality in the creek. According to monitoring data, 
water pH dropped from 7.93 to 6.96 in Scott Park 
and 7.54 to 6.89 in the North Basin. Total number 
of taxes increased from 3 to 7 in Scott Park and 

from 5 to 8 in the North Basin. 

•  Improved 
physical 

characteristics; 
improved water 

quality 

• Analysis of secondary data (Rapid 
Bioassessment report by the 

consultant and monitoring data by the 
City) - pre condition vs. post condition 
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Appendix B 

List of Environmental Landscape Performance Indicators 

This appendix contains a list of environmental landscape performance indicators  

grouped within respective themes 
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Environmental landscape performance indicators 

Environmental indicators Sub-themes of indicators Themes  of Environmental 
indicators and Methods 

• Improved water quality • Water quality   
•  Improved physical characteristics • Physical characteristics Water quality 

• Increased ecological integrity • Integrity   
• Increased overall biodiversity 

 
Ecology / Biodiversity 

• Improved ecological quality • Quality   
• Reduced surface temperatures     

• Reduced air temperatures • Surface   
• Reduced average ground-level temperature  • Air Temperature 

• Reduction in ambient temperatures • Ambient   
• Reduced temperatures     

• Reduction in air pollution   
• Reduced ambient noise • Air pollution   
•  Reduced noise levels • Water pollution Pollution 

•  Removed air pollutant like nitrogen oxide  • Noise pollution   
•  Removed water pollutants     
• Reduced water pollutants     

• Reduced use of potable water     
• Reduced use of irrigation water • Potable water   

• Reduced consumption of irrigation water • Irrigation water Water usage/Irrigation needs 
  • Eliminated use of potable water • Landscape water 

• Reduced irrigation needs      
• Reduced use of landscape water     

• Reduced water needs     

• Preserved habitat for endangered species of beetles 
 

  

• Preserved and restored cypress trees as significance of 
cultural landscape  
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• Preserved existing trees • Habitat   
• Preserved original ecotype for original juniper prairie • Trees Preservation / Restoration 

• Preserved trees • Wetlands   
• Restored native vegetation • Ecotype   

• Restored wetlands     
• Increased flood storage capacity   

• Flood protection and flow rate • Capacity   
• Expanded flood storage capacity • Velocity Flood 

• Eliminated surface flooding • Floodplain   
• Decreased sub-watershed floodplain     
•  Improved water conveyance capacity     

• Reduced flood flows     
• Reduced water velocities     

• Sequestered carbon   
• Reduced carbon emission   

• Reduced hydrocarbon and carbon monoxide emissions • Sequestration   
• Avoided production of carbon • Fuel consumption Carbon footprint 

• Reduced fuel consumption • Emission   
• Reduced carbon emissions • Storage   

• Stored carbon     
• Sequestered carbon by soil and plant tissue     

• Reduced green house emission     
• Reduced storm water runoff volume   

• Reduced in storm water runoff flow rate   
• Intercepted storm water • Storm water runoff volume   

• Reduced storm water velocity • Storm water runoff flow rate Storm water management 
• Diverted storm water runoff to Best Management Practices 

(BMPs) • Storm water peak flow rate   

• Infiltrated storm water • Contain / Capture / Retain / Manage   

• Prevented storm water run-off from entering combined sewer 
system     
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• Reduced storm water peak flow rate     
• Removal of pollutants from storm water runoff     

• Captured storm water     
• Retained storm water     
• Reused storm water     

• Managed storm water runoff on site     
• Reused storm water in water features and for irrigation      

• Reduced rate of peak runoff discharge     
• Contained storm water generated during 100-year storm 

event 
    

• Improved habitat for birds   
• Biodiversity of bird species   
• Protected potential habitat • Habitat for specific fauna species   
• Created ideal trout habitat • Habitat for specific flora species Habitat / Species diversity 

• Increased species richness 
• Habitat for threatened and 

endangered species   

• Created habitat • Species richness   
• Promoted bird species' diversity     

•  Increased species richness in frog population     
•  Increased biodiversity of epibenthic invertebrates     

• Increased population of juvenile fish     
•  Provided habitat     

•  Provided habitat for trout species     
• Increased number of herbaceous plant species     
• Created habitat for migratory and resident birds     

• Created habitat for threatened and endangered species      
• Improved habitat value     

• Recycled material found on-site   
• Recycled material preventing from entering into landfill • Prevent land filling Recycle / Reuse / Repurpose 

• Reused light pole footings and bases • Carbon emissions   
• Reused and recycled construction waste     
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• Recycled material used to avoid carbon emissions     
• Reused and recycled material     

•  Salvaged and reused materials     
•  Recycled waste     

•  Reused material found on site     
• Recycled asphalt     

• Reclaimed wood used     
• Recycled dead trees     
• Repurposed material     

•  Recycled organic waste     
•  Reused the lumber from site     

•  Reused excavated soil     
• Improved foreshore sand quality   

• Reduced sand erosion   
• Increased Biomass Density Index (BMI)   

• Generated electricity from photovoltaic panels   
• Reduced use of fertilizer   

• Generated electricity • Sand quality, erosion and alkalinity   
• Produced organic vegetables and other organic produce  • Biomass Density Index   

• Treated greywater on site • Electricity   
• Produced wine • Fertilizers   

• Increased tree growth rate • Greywater Others / Special / Project 
specific 

  • Reduced energy consumption  • Energy consumption 

•  Eliminated needs of soil amendments • Impervious surfaces   
• Reduced solar radiation absorption • Park sizes   

• Created hospitable microclimate • Purification   

• Reduced impervious surfaces • Plant survival rate and 
establishment rate 

  

• Reduced fertilizer consumption     
• Increased total size of parks     
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• Used wetland purification system for purifying water for water 
features 

    

•  Eliminated stone waste     
• Achieved establishment of trees      

•  Maintained nitrogen levels     
•  Infiltrated wastewater treated     

• Captured and detained precipitation     
• Reused air conditioning condensate     

• Improved soil alkalinity     
• Achieved excellent plant survival rate     
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Appendix C 

List of Methods  

This appendix contains a list of environmental methods grouped within respective themes 

and in relation to respective environmental landscape performance indicators 
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Methods for environmental landscape performance ind icators 

Environmental landscape 
performance indicators 

Methods used to quantify corresponding environmenta l 
performance indicators 

Themes of 
environmental 
indicators and 

methods 

• Increased ecological integrity • Calculated using a tool - Plant Stewardship Index (PSI)   

• Increased overall biodiversity • Analysis of secondary data 
Ecology / 

Biodiversity 

• Improved ecological quality • Calculated using a tool - Plant Stewardship Index (PSI)    

• Preserved habitat for endangered 
species of beetles 

• Strategically designed to facilitate preservation and analysis of 
secondary data (information of the species in the forest) 

  

• Preserved and restored cypress 
trees as significance of cultural 

landscape 

• Combined analysis of primary data (estimated number of trees 
along the entry drive) and secondary data (information about 

heritage site and cultural significance of the trees) 
  

• Preserved existing trees • Strategically designed to facilitate preservation   

• Preserved original ecotype for 
original juniper prairie 

• Analysis of primary data (area of disturbance calculated using 
area takeoffs from digitized AutoCAD infrastructure) 

Preservation / 
Restoration 

• Preserved trees • Strategically designed to facilitate preservation   

• Restored native vegetation 
• Combined analysis of primary data (area of vegetation from 

AutoCAD drawings) and secondary data (post occupancy 
evaluation report) 

  

• Restored wetlands 
• Combined analysis of (existing wetlands data and historic 
wetlands data analyzed in GIS for restored wetlands) and 

secondary data (draft report from monitoring wetlands)  
  

• Increased flood storage capacity • Analysis of secondary data (as provided by firm)   

• Flood protection and flow rate • Analysis of secondary data  Flood 
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• Expanded flood storage capacity • Analysis of secondary data - pre condition vs. post condition   

• Eliminated surface flooding 
•  Analysis of secondary data (rainfall record from National 

Climatic Data Center) - pre condition vs. post condition 
  

• Decreased sub-watershed floodplain • Analysis of secondary data Flood 

•  Improved water conveyance 
capacity 

• Analysis of secondary data (design capacity flow rates) - pre 
condition vs. post condition 

  

• Reduced flood flows 
• Analysis of secondary data (peak flow rates) - pre condition vs. 

post condition 
  

• Reduced water velocities • Analysis of secondary data (velocity rates)   

  • Analysis of secondary data   

• Reduction in air pollution 
• Analysis of primary data (ambient temperature readings taken 

on-site on different roofing materials) 
  

• Reduced ambient noise 

• Analysis of primary data (noise levels averaged out from 
samples taken through "Decibel Meter Pro” application for the 
Apple iphone; samples taken at different times and at different 

locations) 

  

  
•  Combined analysis of primary data (interview with acoustic 
engineer) and secondary data (recommended noise levels by  

EPA  for enjoyable outdoor environments) 
  

•  Reduced noise levels 
• Analysis of primary data (noise levels measured on site using 
hand-held noise meters) - inside the park vs. outside the park 

Pollution 

•  Removed air pollutant like nitrogen 
oxide  

•  Analysis of secondary data (catalyst TiO2 is capable of 
removing nitrogen dioxide) 

  

•  Removed water pollutants 
• Percent removal of pollutants calculated with primary data 
(drainage acreage, percent removed by pocket marsh) and 
secondary data (amount of pollutants from drainage area) 
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• Reduced water pollutants 

• Combined analysis of primary data (strategic decision of 
designing an LID feature specifically to optimize storm water 
management) and secondary data (reports of an experiment 

conducted on a similar condition) 

  

  
• Analysis of primary data (measurements from digital 

thermometers) - asphalt surface vs. rain garden 
  

• Reduced surface temperatures 

• Combined analysis of primary data (areas of various surfaces) 
and secondary data (Solar Roof Index number derived from 
reflective index and emittance index of the material based on 

USGBC guide on new construction and renovation using a tool - 
SRI calculator); asphalt surface vs. vegetation 

  

  

• Combined analysis of primary data (temperature measurement 
samples from seven locations with Acu-Rite Wireless 

Thermometer #00782 indoor/outdoor digital thermometer) and 
secondary data (mean temperature recorded for the area) 

  

  
• Analysis of primary data (measurements from digital 

thermometers) - asphalt surface vs. rain garden 
Temperature 

• Reduced air temperatures 
• Combined analysis of primary data (shaded area by tree 

canopies from AutoCAD drawings) and secondary data (air 
temperature reductions due to tree canopies) 

  

• Reduced average ground-level 
temperature  

• Temperature measured using ambient thermometers; 
measurements - surface with vegetative cover vs. surface without 

vegetative cover 
  

  • Analysis of secondary data   

• Reduction in ambient temperatures 
•  Analysis of primary data (measurements taken on site using a 
manufacturer heat sensor gun) - on site measurement vs. nearby 

location measurement 
  

• Reduced temperatures 
• Combined analysis of primary data (temperature measured on-

site during site observations) and secondary data (average 
temperature recorded in the zip code) 
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  • Analysis of various secondary data (articles on particular issue, 
recorded data, projected influence of planting) 

  

  • Analysis of secondary data (Submittal document for LEED)   

  
• Analysis of secondary data (based on research done by 

University of New Hampshire Storm water Center)  

  • Analysis of secondary data (as provided by management)   

  
• Analysis of secondary data (concentrations of pollutants 
calculated from results of water samplings as reported)  

  

  
• Analysis of primary data (quality of storm water before entering 

the wetlands vs. storm water treated through wetland before 
entering into Lake Washington) 

Water quality 

• Improved water quality 
• Air quality post construction calculated using a tool - Air quality 

Calculator 
  

  
•  Combined analysis of primary data (Lab tests done on samples 
collected from entrance of the filtration system and from exit of the 

filtration system) and secondary data (requirements of the City) 
  

  
• Analysis of primary data (water quality tests and on site 

observations) - pre treatment water quality vs. post treatment 
water quality 

  

  
• Percent removal of pollutants calculated with primary data 
(drainage acreage, percent removed by pocket marsh) and 
secondary data (amount of pollutants from drainage area) 

  

  
• Analysis of secondary data (water quality reports from 

government departments ) 
  

  
• Water quality calculations done with Treatment Train approach 
based on the drawings provided by firm and standard reductions 

in the particles from various BMPs 
  

•  Improved physical characteristics • Analysis of secondary data (Rapid Bioassessment report by the 
consultant and monitoring data by the City) - pre vs. post condition 
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  • Combined analysis of primary data (Interview with key informant) 
and secondary data (Record of bird species) 

  

• Improved habitat for birds • Analysis of secondary data (observation data entered by birders 
in eBird program) 

  

• Biodiversity of bird species 
• Analysis of secondary data (Inventory of bird species) - pre-

condition vs. post-condition  

• Protected potential habitat 
• Combined analysis of primary data (Calculated based on the soil 

disturbances - pre condition vs. post condition) and secondary 
data (in-depth inventory of species) 

  

• Created ideal trout habitat 
• Combined analysis of primary data (on-site sampling of the 

water quality data) and secondary data (information from a key 
informant) 

  

• Increased species richness 
• Analysis of secondary data (pre restoration plant from 

management and master plant list from designer) - pre condition 
vs. post condition 

  

• Created habitat 
• Analysis of secondary data (observation and inventory data by 

management and area calculations done by designer) 
  

• Promoted bird species' diversity 
• Analysis of secondary data (estimated average bird population in 

similar ecotype compared to bird counts done for Oquirrh Lake) 
  

•  Increased species richness in frog 
population 

• Combined analysis of the primary data (percent change in the 
population of frog calculated from monitoring reports) and 

secondary data (observation reports)  

Habitat / Species 
diversity 

•  Increased biodiversity of epibenthic 
invertebrates 

•  Analysis of secondary data (monitoring report)   

• Increased population of juvenile fish •  Analysis of secondary data (monitoring report)   

  •  Analysis of secondary data (counts as provided by residents)   

•  Provided habitat •  Analysis of secondary data (documentation for LEED)   
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•  Provided habitat for trout species 

• Combined analysis of primary data (strategically designed in 
collaboration with aquatic consultant; samples collected on-site for 
water quality tests) and secondary data (visual confirmation from 

researchers on-site) 

  

• Increased number of herbaceous 
plant species • Analysis of secondary data (post occupancy evaluation study)   

• Created habitat for migratory and 
resident birds 

• Analysis of secondary data (list of species provided by the state 
park staff - post condition; pre condition data not available)    

• Created habitat for threatened and 
endangered species  

• Analysis of secondary data (as monitored and documented by 
biologists involved in the monitoring program)   

  

• Improved habitat value 
• Analysis of secondary data (Rapid Bioassessment report by the 
consultant and monitoring data by the City) - pre condition vs post 

condition 
  

  
• Calculated using a tool - National Tree Benefits Calculator; 

compared with facts provided by EPA 
  

  
• Calculated using a tool - National tree benefit calculator; 
compared to the facts provided by U.S.Energy Information 

Administration 
  

  • Calculated using a tool - National tree benefit calculator   

  • Irrigation needs calculated based on the maintenance records of 
a similar property  

Carbon footprint  

  • Calculated using National Highway System sequestration rates   

• Sequestered carbon •  Calculated using a tool - i-Tree Eco v5   

  • Calculated using a tool - Construction Carbon Calculator   

  
• Combined analysis of primary data ( Carbon sequestration 
calculated using a tool - National tree benefit calculator) and 

secondary data (relationship between soil volume and tree size)  
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• Sequestration of carbon calculated based on the secondary data 

(rate of sequestration for established prairie) 
  

• Reduced carbon emission 
• Combined analysis of primary data (Calculated based on the 

electricity produced by photovoltaic panels) and secondary data 
(typical carbon emission data) 

  

  
• Emissions calculated based on the usage of lawn mower and 

compared to allowable emissions from the mower as regulated by 
EPA 

  

• Reduced hydrocarbon and carbon 
monoxide emissions 

• Combined analysis of primary data (emissions due to usage of 
lawn mowers) and secondary data (allowable emissions from the 

mower regulated by EPA) 
 

  
• Analysis of secondary data (amount of material recycled; 

compared amount of carbon emission prevented using the tool - 
WARM calculator by EPA) 

Carbon footprint   

• Avoided production of carbon 

• Combined analysis of primary data (carbon emissions calculated 
by using softscape area obtained from construction)  and 

secondary data (carbon emission equivalent numbers for various 
maintenance activities like mowing, fertilizer or pesticide 

application) 

  

• Reduced fuel consumption 

• Analysis of secondary data (reduced fuel consumption implied 
from a study published in journal; sequestered carbon and 

reduced carbon emissions calculated  using a tool - ALG Carbon 
Calculator 

  

  
• Strategically recycled onsite material; reduction in carbon 
emission calculated using a tool - ALG Carbon Calculator 

  

• Reduced carbon emissions 

• Analysis of the primary data (volume of the material reused and 
recycled; carbon emissions from equivalent material if land filled 

vs. carbon emissions from recycling or reusing equivalent material 
using a tool - Waste Reduction Model (WARM) calculator by EPA 

 

• Stored carbon 
• Analysis of primary data (data as collected from site); carbon 

sequestration and storage calculated using a tool - i-Tree Eco v5 
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• Sequestered carbon by soil and 
plant tissue 

• Analysis of secondary data (assessment by project's 
agronomist) - pre condition vs. post condition 

  

• Reduced green house emission 
• CO2 emissions avoided by using reclaimed wood using a tool - 

EPA's Waste Reduction Model (WARM) Calculator   

• Recycled material found on-site 
• Amount of material recycled calculated based on the waste 

created on-site 
  

• Recycled material preventing from 
entering into landfill 

• Analysis of secondary data (amount of material recycled; 
compared amount of carbon emission prevented using the tool - 

WARM calculator by EPA) 
  

• Reused light pole footings and 
bases 

• Analysis of secondary data (information from key informant)   

• Reused and recycled construction 
waste 

• Combined analysis of primary data (estimated total trip miles for 
specifying new concrete vs. trip miles avoided by recycling) and 

secondary data (average carbon emission from concrete 

Recycle / Reuse / 
Repurpose  

• Recycled material used to avoid 
carbon emissions 

• Analysis of secondary data (vehicle-mile emissions as 
mentioned by EPA) 

  

• Reused and recycled material 

• Analysis of the primary data (volume of the material reused and 
recycled; carbon emissions from equivalent material if land filled 

vs. carbon emissions from recycling or reusing equivalent material 
using a tool - Waste Reduction Model (WARM) calculator by EPA 

  

•  Salvaged and reused materials 
•  Analysis of primary data (volume of the material reused 
calculated from the area takeoffs from AutoCAD drawings)  

  

•  Recycled waste • Analysis of secondary data (documentation for LEED)   

  
• Analysis of secondary data (amount of re-used material provided 

by engineer) 
  

  
• Reused material calculated based on secondary data 

(information as provided by firm)   

  
• Analysis of secondary data (cut and fill calculations done by 

engineering company) 
  

•  Reused material found on site 
• Amount of reused material calculated based on area and depth 

of the pavements 
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• Strategically designed elements to incorporate materials found 

on site and thus reduce waste 
  

  • Analysis of secondary data (information provided by designer)    

• Recycled asphalt 
• Amount of asphalt recycled calculated using AutoCAD 

construction drawings 
  

• Reclaimed wood used 
• CO2 emissions avoided by using reclaimed wood using a tool - 

EPA's Waste Reduction Model (WARM) Calculator 
 Recycle / Reuse / 

Repurpose 

• Recycled dead trees • Analysis of secondary data (number of trees recycled)   

• Repurposed material 
• Amount of concrete repurposed was calculated based on 

estimated riprap and estimated concrete used in bridge 
  

•  Recycled organic waste 
• Analysis of secondary data (school's records and survey results 

from a dissertation) 
  

•  Reused the lumber from site • Strategically decided for cost savings   

•  Reused excavated soil 
• Analysis of secondary data (estimated quantity for earthwork 

excavated) 
  

  
• Irrigation water needs calculated using tool - Original Green 

Values Calculator - pre condition vs. post condition  

  • Analysis of secondary data (Submittal document for LEED)   

  • Analysis of secondary data (amount discharged in wetland)   

  
• Irrigation needs calculated based on irrigation requirements 

(adapted from EPA) for a soccer field in the region  

Water 
usage/Irrigation 

needs   

• Reduced use of potable water 
• Analysis of secondary data (water use calculations obtained by 

firm; efficiency of drip irrigations) 
  

  
• Analysis of secondary data (research done by public agency like 

Metropolitan Water District)  
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•  Strategically designed to reclaim river water for irrigation needs 
and analysis of secondary data (irrigation factors for landscaped 

areas from guidelines; usage data as provided by the city) 
  

  
• Combined analysis of primary data (change in the area of lawn - 

pre construction vs. post construction) and secondary data 
(irrigation water required by turf in the region) 

  

  
• Strategic use of constructed wetlands to treat reclaimed water 

for further use in park. 
  

  
• Irrigation needs calculated based on the maintenance records of 

a similar property  
  

• Reduced use of irrigation water 
• Irrigation and fertilizer need calculated based on the drawings 

and photographs - pre condition vs. post condition 
  

  
• Analysis of secondary data (consumption of irrigation water data) 

- pre condition vs post condition 
  

• Reduced consumption of irrigation 
water 

• Combined analysis of primary data (consumption of potable 
water calculated based on monthly harvested rainwater volume) 

and secondary data  (monthly average precipitations) 
  

  • Analysis of secondary data (Rain and Green Roof Data)   

  
•  Irrigation water needs calculated based on the guidelines and 
performance benchmarks by Sustainable Sites Initiave (SITES) 

Water 
usage/Irrigation 

needs 

• Eliminated use of potable water 
• Irrigation needs calculated based on the secondary data 
(average annual rainfall and water lost from evaporation) 

  

  
• Analysis of secondary data (irrigation needs provided by 

irrigation consultant) 
  

  
•  Potable water use needs calculated based secondary data 

(preliminary calculations done by firm) 
  

  
• Combined analysis of primary data(irrigation needs calculated 

using an equation created by the team) and secondary data 
(evaporation per year, average annual rainfall) 
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• Reduced irrigation needs  

• Analysis of primary data (irrigation water needs calculated from 
the LEED Calculator 2.2 for the Water Efficient Landscaping 

credit) - typical water usage of region vs. current water usage of 
site 

  

  • Irrigation needs calculated based on the secondary data 
(average annual rainfall and water lost from evaporation) 

Water 
usage/Irrigation 

needs  

  
• Analysis of secondary data (record of water used in the region vs 

record of water allowed in the region) 
  

  
•  Analysis of primary data (landscape water needs estimated 

using planting plans and WUCOLS methodology)    

• Reduced use of landscape water 
• Landscape water needs calculated based on estimate from local 

irrigation company)   

  
• Landscape water needs calculated based on the planting list 
provided and secondary data (average annual irrigation rate)     

  
•  Combined analysis of the primary data (water required in the 

meadow vs. estimated water required for the turf) and secondary 
data (information from a key informant like lead gardener) 

  

• Reduced water needs 
• Combined analysis of primary data (total annual irrigation 

volume required) and secondary data(irrigation volume required 
by other similar efforts in the region)  

  

• Improved foreshore sand quality 
• Analysis of various secondary data (articles on particular issue, 

recorded data, projected influence of planting) 
  

• Reduced sand erosion 
• Analysis of primary data (Interview with key informant, site 

observations, studying planting plans)  
Others / Special / 
Project specific  

• Increased Biomass Density Index 
(BMI) 

• Guidelines and performance benchmarks by Sustainable Sites 
Initiave (SITES) in 2009 

  

• Generated electricity from 
photovoltaic panels 

• Combined analysis of primary data (Calculated based on the 
electricity produced by photovoltaic panels) and secondary data 

(typical carbon emission data) 
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• Reduced use of fertilizer 

• Calculated based on the maintenance records of a similar 
property  

• Irrigation and fertilizer need calculated based on the drawings 
and photographs - pre condition vs. post condition 

 

  

• Combined analysis of primary data (inventory of make and 
model of solar panels) and secondary data (energy produced by 
solar panel based on  Solar Rating and Certification Corporation 

Certified Performance Data) 

  

• Generated electricity 
• Combined analysis of primary data (strategic use of specialized 
material which enables generation of electricity) and secondary 

data (electricity generated by single photovoltaic module) 
  

  

• Combined analysis of primary data (Produced organic 
vegetables calculated using a tool - vegetable garden value 
calculator) and secondary data (information provided by a 

resident) 

Others / Special / 
Project specific  

  

• Combined analysis of primary data (amount of vegetables and 
organic produce grown estimated using a tool - Grow your own 
vegetables value calculator) and secondary data (information 

provided by a key informant) 

  

• Produced organic vegetables and 
other organic produce  

• Combined analysis of primary data (interview with a key 
informant - verification of secondary data) and secondary data 

(annual yield as reported and published in the report) 
  

  
• Amount of vegetables and organic produce grown estimated 

using a tool - Grow your own vegetables value calculator) 
  

• Treated greywater on site 
• Analysis of secondary data (amount of greywater refreshed 

obtained from operators) 
  

• Produced wine • Analysis of secondary data (article from Atelier magazine)   

• Increased tree growth rate 
• Analysis of various secondary data (soil volume information, 

caliper and DBH data of trees, annual growth rate of typical oak, 
information on soil sharing for urban trees) 
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• Reduced energy consumption  
• Analysis of secondary data (consumption of energy data) - pre 

condition vs. post condition 
  

•  Eliminated needs of soil 
amendments 

• Analysis of secondary data (interview with a key informant like 
Master Gardener) 

  

• Reduced solar radiation absorption 
• Analysis of primary data (Solar Roof Index number derived from 
reflective index and emittance index of the material - using a tool - 
SRI calculator); green roof and terrazzo finish vs. blacktop finish 

  

• Created hospitable microclimate 
• Combined analysis of primary data (avg. temperature 

measurements data from the weather station on site) and 
secondary data (monthly climate data recorded for airport) 

Others / Special / 
Project specific  

• Reduced impervious surfaces 
• Analysis of primary data (impervious surface areas) - pre 

condition vs. post condition) 
  

• Reduced fertilizer consumption 
•  Strategic use of material which consumes less fertilizer; organic 

fertilizer vs. traditional fertilizer 
  

• Increased total size of parks • Calculated percent change of park area   

• Used wetland purification system for 
purifying water for water features •  Strategic use of created wetlands   

•  Eliminated stone waste 
• Analysis of secondary data (information from owner of the 

quarry) 
  

• Achieved establishment of trees  
• Analysis of secondary data (accounts of plant mortality vs. plant 

list specified by designer) 
  

•  Maintained nitrogen levels • Analysis of secondary data (soil analysis results)   

•  Infiltrated wastewater treated 
•  Analysis of primary data (volume of treated wastewater as 

collected when monitored) 
  

• Captured and detained precipitation 
• Amount of precipitation captured calculated based on the 

storage capacity of the cistern and area of the building foot print 
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• Reused air conditioning condensate 
• Volume of storm water that can be captured and reused 

calculated based on cistern’s dimensions and storage capacity 
Others / Special / 
Project specific  

• Improved soil alkalinity • Analysis of primary data (Soil samples taken on site and tested) 
- pre condition vs. post condition 

  

• Achieved excellent plant survival 
rate 

• Analysis of secondary data (as documented by biologists 
involved in the monitoring program)  

  

  
• Analysis of secondary data (Storm water modeling by civil 

engineer)  pre condition vs. post condition   

  
• Storm water runoff calculated using NRCS Curve Number and 

unit hydrograph method in HydroCAD (storm water modeling 
software) - pre condition vs. post condition  

  

• Reduced storm water runoff volume • Storm water run-off volume determined from prototype modeling   

  
• Storm water runoff assumed and compared based on the curve 
numbers used in NRCS method for meadow and for turf areas 

Storm water 
management  

  
• Analysis of primary data (storm water runoff calculated with 

curve number method - pre condition vs. post condition) 
  

  
• Analysis of secondary data (XPSWMM hydrologic model findings 

done by project engineers) - pre condition vs. post condition 
  

• Reduced in storm water runoff flow 
rate 

• Analysis of secondary data (Post Construction Storm water 
Management Report) - pre condition vs. post condition 

  

  

• Storm water calculated based on TR-55 method for volume 
generation and storm water holding capacity of rain garden; storm 

water intercepted by trees calculated by using a tool - i-Tree 
Design 

  

• Intercepted storm water • Calculated using a tool - National tree benefit calculator   

• Reduced storm water velocity • Analysis of secondary data (as provided by firm)   
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• Diverted storm water runoff to Best 
Management Practices (BMPs) 

• Storm water runoff calculated based on area of impervious 
surfaces and average annual rainfall of the region 

  

  

• Combined analysis of primary data (Infiltration calculated based 
on infiltration rate of pervious surfaces and water storage capacity 

of the structural soil) and secondary data (annual average 
precipitation of the region) 

  

  
• Analysis of primary data (storm water infiltration calculated 
based on infiltration equation) compared with secondary data 

(estimate of drinking water per family) 
  

  
• Analysis of secondary data (unit hydrograph results) - pre 

condition vs.  post condition 
  

  
• Analysis of secondary data (average annual precipitation, post 

occupancy evaluation reports) 
  

  
• Storm water volume calculated using NRCS  TR-55 method and 

secondary data (catchment area and average rainfall) 
Storm water 

management  

• Infiltrated storm water 
• Combined analysis of primary data (strategically designed to 

maintain drainage patterns) and secondary data (documentation 
for LEED) 

  

  
• Analysis of secondary data(Post Construction Storm water 

Management Report) 
  

  
•  Runoff calculated by using - Washington State Department of 

Ecology Rain Harvesting Toolkit and secondary data for drainage 
costs per 1000 sq. ft. as developed by Seattle Public Utilities 

  

  
• Combined analysis of primary data (flood storage capacity of 

stream) and secondary data (hydrograph of annual precipitation 
as recorded and other watershed studies) 

  

  
• Analysis of secondary data (hydrological data) - pre condition vs. 

post condition  

  

• Combined analysis of primary data (Infiltration calculated based 
on infiltration rate of pervious surfaces and water storage capacity 

of the structural soil) and secondary data (annual average 
precipitation of the region) 
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• Combined analysis of primary data (storm water calculated using 
sourced biofiltration and infiltration equations) and secondary data 

(annual precipitation of the region; relevant storm water 
information from the firm) 

  

• Prevented storm water run-off from 
entering combined sewer system • Strategically designed   

  
• Combined analysis of primary data (storm water calculated using 
sourced biofiltration and infiltration equations) and secondary data 

(annual precipitation of the region) 
  

• Reduced storm water peak flow rate 

• Strategically designed to divert storm water into the structural 
cells; volume of storm water draining into structural cells 
calculated with primary data (total area of sidewalk) and 

secondary data (average annual precipitation in the region  from 
National Climatic Data Center) 

 

• Removal of pollutants from storm 
water runoff 

• Analysis of secondary data (operations and maintenance 
guidelines of CDS Units (continuous deflective separation unit) 

installed) 
  

  
• Storm water infiltrated calculated based on the areas of 

permeable pavings, raingardens and bioswales and average 
annual rainfall 

  

  
• Analysis of secondary data(conversation with lead designer and 

civil engineer of the project)   

• Captured storm water 
•  Storm water runoff calculated based on the water needed per 

month for irrigation and water lost through evaporation   

  
• Volume of storm water that can be captured and reused 

calculated based on cistern’s dimensions and storage capacity 
Storm water 

management  

• Retained storm water 
• Analysis of secondary data (verification of civil engineer  that 

storm water was directed in on-site swales, wetlands, infiltration 
basins and other best management practices) 

  

• Reused storm water 
• Volume of storm water that can be captured and reused 

calculated based on cistern’s dimensions and storage capacity   
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• Managed storm water runoff on site 
• Storm water runoff entering the native woodland calculated using 

Rational Method and compared with holding capacity of bio-
retention 

  

• Reused storm water in water 
features and for irrigation  

•  Volume of storm water collected in cistern calculated based on 
secondary data (surface area draining into cistern and average 
annual precipitation in the region  from National Climatic Data 

Center)  

Storm water 
management  

• Reduced rate of peak runoff 
discharge 

• Analysis of primary data (watershed modeling in HydroCAD) - 
pre condition vs. post condition 

  

• Contained storm water generated 
during 100-year storm event 

•  Volume of storm water produced is calculated using secondary 
data (hydraulic modeling developed using SWMM, provided by 

the firm) 
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Appendix D 

IRB Approval Letter 
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Appendix E 

Informed Consent Document – Phone Interview 
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Appendix F 

Informed Consent Document – In-Person Interview 
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Appendix G 

Interview Questions 
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Researcher: I would like to begin the interview by asking you some profile related questions.  
 

Profile Questions 

5. What is your educational background? 
6. What is your professional background? 
7. How long have you been involved in landscape architecture practice and/or education? 
8. Were you involved in any kind of rigorous performance evaluation, and/or post 

occupancy evaluation of landscape architecture projects, prior to Landscape 
Architecture Foundation’s (LAF) Case Study Investigation (CSI)? (Please explain.) 
 

Researcher: The questions I am going to ask you now are the in-depth interview questions 
concerning your perspective on environmental performance indicators and methods in 
Landscape Architecture Foundation’s Case Study Investigation Program. 

 
In-depth Interview Questions  

7. What landscape performance indicators did your team use to evaluate environmental 
benefits of the projects in your LAF Case Study Investigation? (Please explain.) 

8. What other landscape performance indicators do you consider essential to study 
environmental benefits of a landscape architecture project? (And why?) 

9. What methods/procedures did your team utilize for evaluating environmental benefits in 
your LAF Case Study Investigation? (Please explain.) 

10. What other methods do you consider essential to study environmental benefits of a 
landscape architecture project?  (And why?) 

11. In your view, does LAF’s CSI Program influence the understanding of environmental 
issues/factors in landscape architecture research and practice? Please explain how. 

12. Is there anything else you want to add? 
 

Researcher: Thank you for your participation, time and consideration. 
 
Follow-up Questions  

7. Please explain the strengths and weaknesses of these indicators used to evaluate 
environmental benefits of the projects. 

8. Please explain why do you think these other indicators are essential to understand 
environmental benefits of a landscape architecture project? 

9. Please explain the strengths and weaknesses of these methods/procedures utilized to 
evaluate environmental benefits of projects. 

10. Please explain why do you think these other methods/procedures are essential to 
understand environmental benefits of a landscape architecture project? 

11. Please explain how does LAF’s CSI Program influence the understanding of 
environmental issues/factors in landscape architecture research and practice? 

12. What are your thoughts on future of landscape performance research and its relation to 
landscape architecture professionals? 
 

 
Please note that the follow up questions will be asked by the researcher to get more insights of 
the interviewee on the question. 
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Appendix H 

Script for Recruitment of Interviewees  

This appendix contains script used for recruitment via email and/or phone call 
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Dear Mr./Mrs./Ms. (First name) (Last name), 
 

I am completing my degree in Master of Landscape Architecture from The University of Texas 
at Arlington. As part of the completion, I am required to finish my thesis on ‘Perspectives on 
Environmental Landscape Performance Indicators and Methods: Learning from Landscape 
Architecture Foundation’s Case Study Investigation Program’.  
 
Your participation will help practitioners, researchers and students of landscape architecture, 
architecture, urban planning and other related fields to be informed about the environmental 
landscape performance indicators and methods and its significance in the field. I believe that 
the knowledge base thus created can be possibly implemented while designing landscapes for 
high performance. 
 
I would like to request your time and participation in this research through a phone/in-person 
interview. The interview will take approximately 45 to 60 minutes of your time. 
 
Will you be available for phone/in-person interview at any of the following dates and times? 
 (Month) (Date), 2014 at hh:mm (pm/am) 
 (Month) (Date), 2014 at hh:mm (pm/am) 

(Month) (Date), 2014 at hh:mm (pm/am) 
 

Thank you for your time and consideration. It is only through your generous support, time and 
effort that we are able to contribute to the knowledge in the field of landscape architecture. 
 
Please feel free to call or email me with your availability and/or questions. 
 
Sincerely, 
 
Sameepa Modi 
Graduate Student 
The University of Texas at Arlington 
Program in Landscape Architecture 
 
Email: sameepa.modi@mavs.uta.edu 
Phone: (469) 742-3216 
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Appendix I 

Script for Follow Up on Recruitment of Interviewees  

This appendix contains script used for follow-up via email and/or phone call 
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Dear Mr./Mrs./Ms. (First name) (Last name), 
 

My name is Sameepa Modi. I am a graduate student in the Program in Landscape Architecture 
at The University of Texas at Arlington. I am currently working on my master’s thesis. I am 
calling you to follow-up with the e-mail/phone call I sent/gave you xx days or xx weeks ago to 
request your participation in an interview for my thesis. 
 
I would really appreciate if you can let me know your availability from the provided options in the 
email and/or previous phone call conversation or provide me with some other options based on 
your availability for the interview, via email and/or phone call. 
 
Thank you for your time and I am looking forward for your reply. 
 
You can contact me at my cell phone number (469) 742-3216 and/or email me at 
sameepa.modi@mavs.uta.edu. 
 
Thank you. 
 
Sameepa Modi 
Graduate Student 
The University of Texas at Arlington 
Program in Landscape Architecture 
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Appendix J 

Script of Confirmation  

This appendix contains script used for confirmation via email and/or phone call 
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FOR PHONE INTERVIEW 
 
Hello Mr./Mrs./Ms. (First name) (Last name), 

 
I am confirming our phone/in-person interview on (Month) (Date), 2014 at hh:mm. Thank you for 
agreeing to be part of my research thesis.  

 
If there are any questions, feel free to contact me at my cell phone (469) 742-3216 and/or email 
me at sameepa.modi@mavs.uta.edu. 

 
 

Regards, 
 
Sameepa Modi 
Graduate Student 
The University of Texas at Arlington 
Program in Landscape Architecture 
 
 
 
 
 
 
 
 

FOR IN-PERSON INTERVIEW 
 
Hello Mr./Mrs./Ms. (First name) (Last name), 

 
I am confirming our in-person interview on (Month) (Date), 2014 at hh:mm at (location). Thank 
you for agreeing to be part of my research thesis.  

 
If there are any questions, feel free to contact me at my cell phone (469) 742-3216 and/or email 
me at sameepa.modi@mavs.uta.edu. 

 
 

Regards, 
 
Sameepa Modi 
Graduate Student 
The University of Texas at Arlington 
Program in Landscape Architecture 
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