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Abstract:

While there are many initiatives to create incentives for investors and developers to invest in and
redevelop brownfield sites, efficient prioritization of brownfields by taking environmental, economic, and
social constraints into account remains a challenge. The goal of this study was to introduce a method to
screen numerous brownfields over large geographic areas by using Geographic Information Systems
(GIS), and to assess and prioritize such sites for green building suitability based on Leadership in Energy
and Environmental Design (LEED). A case study was completed for the greater Bridgeport region, in the
state of Connecticut, U.S. With 279 brownfield sites, the city has one of the highest number of
brownfields in the state. Variables chosen to determine suitability and prioritization were based on LEED
version 4 for New Construction and Major Renovation. Chosen variables input into GIS make up 13
points on the LEED checklist. Over 6% of the brownfield sites received 10 LEED points, which has the
potential to shift up the certification level. On the other hand, 15% of sites received 5 points, which was
the lowest score found in the study. Nearly half of brownfield sites received 8 points. The developed
method proved to be efficient to analyze large numbers of brownfields, making it a viable option for

governments and developers alike to make informed decisions for brownfield redevelopment. The study
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described herein demonstrates that GIS could be used to streamline prioritization of brownfield sites,

while at the same time guiding site selection for green buildings.

Keywords: Geographic Information System; Leadership in Energy and Environmental Design; Green

building siting; Urban redevelopment; Smart growth; Spatial analysis

Introduction:

On a global scale, human populations have been growing at an exponential rate in the past decades
(Census 2014). A recent report by the United Nations estimates that 54% of the world’s population lived
in urban centers in 2014, and that ratio is expected to increase to 66% by 2050 (UN 2014). Rising human
population combined with a migratory movement towards urban centers create immense pressure to
develop adequate infrastructure in urban centers across the globe. With the amount of available land for
development, and other environmental, economic, and social constraints for development, it is becoming

more important that planning become more stringent and focused on sustainability.

Rather than developing new land, the focus could be shifted towards redeveloping previously developed
properties or areas. Such a shift would save remaining open spaces at or around urban settlements, as well
as strengthen communities and neighborhoods already in place. Such priorities are among the

considerations included in what is being referred to as Smart Growth (APA 2012).

Brownfields are properties that are or are perceived to be contaminated by hazardous substances,
pollutants, or contaminants. Such sites may be abandoned, closed, or underused industrial or commercial
facilities. The U.S. Environmental Protection Agency (EPA) estimates that there are more than 450,000
brownfield sites in the U.S. These sites provide opportunities for reinvestment and redevelopment that

protects or improves the environment, reduces blight in communities, uses existing infrastructure, and
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promotes smart growth. However, redevelopment of these sites may require additional time and monetary

commitments compared to a conventional greenfield development (EPA 2015a; Brownfield Action 2014).

The EPA has recently come up with many initiatives for investors to redevelop brownfields such as tax
breaks and grants. However, to prioritize brownfield sites among the many different brownfield sites
available for redevelopment in a region or neighborhood remains a challenge. There are economic,
environmental, and social factors that come into consideration when choosing a site to redevelop which
makes the selection and prioritization process cumbersome. One of the challenges is simply how to
quantify the value of redeveloping one brownfield site over another. Since the Leadership in Energy and
Environmental Design (LEED) green building rating system also considers these same economic,
environmental, and social factors, the LEED credit criteria provide a ready-made quantitative scale that

could assist to prioritize brownfields.

Geographic Information Systems (GIS) allow one to logically select from and quantify relationships
between multiple geographic datasets. Since some of the LEED credit criteria are based on site location
relative to its urban surroundings, GIS could be used to assist with quantification of brownfield
development if geographic data layers for brownfields and their urban surroundings were available. This
GIS data analysis could assist investors and governments with screening for suitable sites quickly and

cost effectively.

The goal of this study was to introduce a method to screen numerous brownfields over large geographic
areas by using GIS and by using the LEED green building rating system to quantify the potential value of
redeveloping each brownfield site relative to the priorities of smart growth and green building
construction. The developed method has been applied to the city of Bridgeport, CT, and results reported

herein to serve as a case study.
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Background:

Brownfield Redevelopment

The potential benefits of cleaning up and reinvesting in brownfields are significant, as they could increase
the local tax base, protect public health and natural resources, facilitate job growth, take development
pressures off from undeveloped or greenfields by stemming urban sprawl, while at the same time utilizing
existing infrastructure and hence avoiding costly infrastructure expansion and upkeep (Attoh-Okine 2001;
Thomas 2002a). A study by Lange et al. (2004a) was aimed at quantifying the success factors for
redeveloped brownfield sites. Evaluation of a survey of 75 redeveloped brownfield sites statistically
concluded that successful redevelopment projects incorporated more green space into the development
plan, were more likely to take advantage of existing infrastructure, were more likely to have financial
incentives available to the developer, were better integrated into the neighborhood, had a positive impact
on local businesses, and had considered the future use of the property to establish environmental cleanup
levels. Frantal et al. (2013) arrive at a similar conclusion and identify local business activities, proximity
to city centers and regional road network, and the quality of the existing infrastructure as factors
contributing to the success of a redeveloped brownfield site. Another study indicates that the success of a
brownfield redevelopment project carried out by developers depends on an interdisciplinary strategy that
includes time to occupancy, community support, proposed land use, and number of jobs to be created,
rather than a limited focus on environmental concerns alone (Lange 2004b). Walker et al. (2010) discuss
the importance of a healthy relationship between developers and the community via committees and
advisory boards, in addition to the financial incentives that may be present. Based on the outcomes of
these studies, facilitating green building construction on brownfields should contribute to the success of
the project as green buildings are known to decrease vacancy rates or turnovers, incorporate more green
space in the development, and contribute positively to the local economy and community connectivity
(USGBC 2015). Therefore, tying brownfield redevelopment with green building construction would be

advantageous for all stakeholders.
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Valuable both for local governments, developers, and existing property owners alike, De Sousa et al.
(2009) demonstrate that brownfield redevelopment has a positive economic impact by raising surrounding
property values by 2.7% to 11.4%. The reported values are in accordance with a 5.1%-12.8% increase in
residential property values reported by the EPA Brownfields Program (EPA 2015b). The EPA
Brownfields Program also identified reduced vehicle miles traveled, reduced stormwater runoff, as well
as reduced crime in redeveloped brownfields, all in accordance with urban smart growth goals and

policies (EPA 2015b).

Redeveloped brownfield sites were also found to have other indirect environmental benefits related to a
decrease in transportation energy and intensity. Relative to a greenfield development, redeveloped
brownfield sites were found to be closer to city centers, had higher public transportation use for
commuting, and lower energy use and greenhouse gas emissions for commuting (Nagengast 2011). On
average, brownfield redevelopment for residential construction purposes were found to reduce vehicle
travel by 52% compared to conventional greenfield development (Mashayekh 2012). Reductions in
vehicle travel also translate into economic savings for occupants, where a LEED certified average
household was estimated to save between $3,500-$4,000 following brownfield redevelopment

(Mashayekh 2015).

Smart Growth

Smart Growth is an approach to have environmentally, economically, and socially sustainable
communities (APA 2012). As human populations continue to grow at an increased rate on a global scale,
it has become ever more important to recognize and implement smart growth policies. Smart growth
accumulates planned economic and community development that is meant to curb urban sprawl as well as
worsening environmental conditions (Handy 2005; Williams 2007). The American Planning

Association’s Policy Guide on Smart Growth lists many benefits that were categorized under the
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Figure 2. Map of Bridgeport, Connecticut, with Brownfield Sites Prioritized for LEED Points
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Conclusion:

The study described herein presents a methodology to streamline prioritization of brownfield sites for
green building construction by using GIS. Large numbers of brownfield sites can be analyzed by the
proposed method. A case study for Bridgeport, Connecticut was carried out, and 237 brownfield parcels
were analyzed. The method developed in this study together with variables used could be a viable way for
both state and local governments as well as investors alike to use when evaluating brownfield sites for
redevelopment. As smart growth options become ever more important moving into the future, tools and
methods to efficiently identify the best opportunities for urban development increase in importance. The
method developed in this study is based on and closely tied to the LEED checklist for green building

construction.

Over 6% of brownfield sites analyzed were qualified to potentially receive 10 points out of a total of 13
points analyzed based on the LEED scorecard. The analyzed 13 points were solely based on site selection,
and do not include improvements associated with building design, construction, or operation. The
potential 10 points is significant as it could result in a jump in the rating of a green building, from

certified to silver, or from silver to gold. Nearly half of brownfield sites were found to receive 8 points.

It is possible to analyze additional variables and LEED points than the 13 credits used in the study.
Should data exist, it would be possible to add a layer for bicycle paths and facilities to analyze an
additional LEED credit. Similarly, if a developer has plans to provide open space or restore habitat as part
of the redevelopment project, or if local government has such requirements, then the presented

methodology can be expanded to include 3 additional LEED points.

23
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The developed method together with identified variables can be used to map out specific areas to quickly
determine sites that are advantageous for green building construction. The same model can be applied to

different cities or states, providing an efficient way to prioritize brownfield sites by objective criteria.

References:

APA, 2012. “Policy Guide on Smart Growth”, American Planning Association, Chicago, IL. Retrieved
December 16, 2015 from https://www.planning.org/policy/guides/adopted/smartgrowth.htm

Attoh-Okine, N.O., Gibbons, J. (2001). “Use of Belief Function in Brownfield Infrastructure
Redevelopment Decision Making”, J. Urban Plann. Dev., 127(3), 126-143.

Brownfield Action, 2014. “What is a Brownfield?”,
[http://brownfieldaction.org/brownfieldaction/brownfield basics], Accessed December 15, 2014.
BusinessesDatabase, 2016. “New Updated USA Businesses Database”, [http://businessesdatabase.com],

Accessed August 3, 2016.

Census, 2013. U.S. Census Bureau, “Population Estimates”,
[http://www.census.gov/popest/about/terms.html], Accessed December 15, 2014.

Census, 2014. U.S. Census Bureau, “International Programs”,
[http://www.census.gov/population/international/data/idb/informationGateway.php], Accessed
December 15, 2014.

Chrysochoou, M., Garrick, N., Segerson, K., Bagtzoglou, A., Dahal, G., Brown, K., Granda-Carvajal, C.
(2011). “Reversing Urban Sprawl: A Reclaimability Index Approach for Reviving Downtown
Brownfields”, Center for Transportation and Livable Systems, CTLS 08-03, Storrs, CT.

Chrysochoou, M., Brown, K., Dahal, G., Granda-Carvajal, C., Segerson, K., Garrick, N., Bagtzoglou, A.
(2012). “A GIS and indexing scheme to screen brownfields for area-wide redevelopment planning”.
Landscape and Urban Planning, 105(3), 187-198.

Daniels, T. (2001). “Smart Growth: A New American Approach to Regional Planning”. Planning
Practice & Research, 16(3/4), 271-279.

De Sousa, C.A., Wu, C., Westphal, L.M. 2009. “Assessing the Effect of Publicly Assisted Brownfield
Redevelopment on Surrounding Property Values”. Economic Development Quarterly, 23(2), 95-110.

Downs, A. (2005). “Smart Growth: An Ambitious Movement and Its Prospects for Success”. Journal of
the American Planning Association, 71(4), 367-378.

EPA, 2015a. U.S. Environmental Protection Agency, “Brownfields and Land Revitalization”,
[http://www.epa.gov/brownfields/], Accessed December 14, 2015.

EPA, 2015b. U.S. Environmental Protection Agency, “The EPA Brownfields Programs Produces
Widespread Environmental and Economic Benefits”,
[http://www.epa.gov/sites/production/files/2015-09/documents/brownfields-benefits-postcard.pdf],
Updated July 2015, Accessed December 14, 2015.

EPA, 2015c¢. U.S. Environmental Protection Agency, “Green Building”,
[http://www.epa.gov/greenbuilding/], Accessed December 14, 2015.

ESRI (2012). ArcMap version 10.1. Environmental Systems Research Institute (ESRI), Redlands, CA.

Frantal, B., Kunc, J., Novakova, E., Klusacek, P., Martinat, S., Osman, R. (2013). “Location Matters!
Exploring Brownfields Regeneration in a Spatial Context (A Case Study of the South Moravian
Region, Czech Republic)”, Moravian Geographical Reports, 21(2), 5-19.

Greenberg, M., Lowrie, K., Mayer, H., Miller, K.T., Solitare, L. (2001). “Brownfield redevelopment as a
smart growth option in the United States”. The Environmentalist, 21(2), 129-143.

Handy, S. (2005). “Smart Growth and the Transportation-Land Use Connection: What Does the Research
Tell Us?”. International Regional Science Review, 28(2), 146-167.

24



550 Lange, D.A., McNeil, S. (2004a). “Brownfield Development: Tools for Stewardship”. J. Urban Plann.
551 Dev., 130(2), 109-116.
552 Lange, D., McNeil, S. (2004b). “Clean It and They Will Come? Defining Successful Brownfield

553 Development”. J. Urban Plann. Dev., 130(2), 101-108.

554 Mashayekh, Y., Hendrickson, C., and Matthews, H. (2012). "Role of Brownfield Developments in
555 Reducing Household Vehicle Travel." J. Urban Plann. Dev., 10.1061/(ASCE)UP.1943-

556 5444.0000113, 138(3), 206-214.

557 Mashayekh, Y., Hendrickson, C., and Matthews, H.S. (2015). "LEED-Certified Residential Brownfield
558 Development as a Travel and Greenhouse Gas Emission Reduction Strategy." J. Urban Plann. Dev.,
559 10.1061/(ASCE)UP.1943-5444.0000218, 141(2).

560  Nagengast, A., Hendrickson, C., Lange, D. (2011). “Commuting from U.S. Brownfield and Greenfield
561 Residential Development Neighborhoods”. J. Urban Plann. Dev., 137(3), 298-304.

562  Nogués, S., Arroyo, N. (2015). "Alternative Approach to Prioritization of Brownfield Reclamation
563 Attending to Urban Development Potentialities: Case Study in a Depressed Industrial District in
564 Northern Spain." J. Urban Plann. Dev., 10.1061/(ASCE)UP.1943-5444.0000272

565 O’Reilly, M., Brink, R. (2006). “Initial Risk-Based Screening of Potential Brownfield Development
566 Sites”. Soil and Sediment Contamination: An International Journal, 15(5), 463-470.

567  Thomas, M.R. (2002a). “A GIS-based decision support system for brownfield redevelopment”.

568 Landscape and Urban Planning, 58(1), 7-23.

569  Thomas, M.R. (2002b). “A Weighted, Multi-Attribute, Site Prioritization and Selection Process for
570 Brownfield Redevelopment”. Environmental Practice, 4(2), 95-106.

571 UConn Magic, 2016. University of Connecticut Map and Geographic Information Center. Internet
572 Database. [http://magic.lib.uconn.edu], Accessed November 30, 2016.

573  UN (United Nations). 2014. United Nations, Department of Economic and Social Affairs, Population
574 Division, World Urbanization Prospects, the 2014 Revision, United Nations, 2014,

575 USGBC, 2015. LEED, United States Green Building Council, [http://www.usgbc.org/leed], Accessed
576 December 14, 2015.
577  Von Paumgartten, P. (2003). “The business case for high-performance green buildings: Sustainability and

578 its financial impact”. Journal of Facilities Management, 2(1), 26-34.

579 Walker, S.B., Boutilier, T., Hipel, K.W. (2010). “Systems Management Study of a Private Brownfield
580 Renovation”. J. Urban Plann. Dev., 136(3), 249-260.

581 Wang, H., Shen, Q., Tang, B. (2015). “GIS-Based Framework for Supporting Land Use Planning in
582 Urban Renewal: Case Study in Hong Kong”. J. Urban Plann. Dev., 141(3).

583 Williams, K., Dair, C. (2007). “A Framework for Assessing the Sustainability of Brownfield

584 Redevelopment”. Journal of Environmental Planning and Management, 50(1), 23-40.

585

586

587

25



