1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Landsc Archit Front. Author manuscript; available in PMC 2019 February 11.

-, HHS Public Access
«

Published in final edited form as:
Landsc Archit Front. 2019 January ; 6(6): 10-23. doi:10.15302/J-LAF-20180602.

Resilience through Regeneration: The economics of
repurposing vacant land with green infrastructure

Galen Newman?”, Li Dongying?, Zhu Ruil, and Ren Dingding?
1Department of Landscape Architecture and Urban Planning, Texas A&M University, College
Station, TX 77843, USA

Abstract

Many urban areas affected by flood disasters are also becoming increasingly ecologically and
socially fragmented due to the accumulation of vacant properties. While redevelopment is often
viewed as the primary objective in regenerating vacant properties, they can also potentially provide
ecological and hydrological land uses. Rather than chasing development- based incentives for
regenerating vacant lots in high flood-risk communities, a balance should be sought between new
developmental land uses and green infrastructure to help counteract stormwater runoff and flood
effects, or “Resilience through Regeneration.” This paper uses landscape performance measures to
evaluate the economic and hydrologic performance of green infrastructure regeneration projects
for three marginalized neighborhoods in Houston, Texas, USA. Each project site is characterized
by excessive vacant lots and flood issues. Results suggest that, when using green infrastructure to
regenerate vacant properties, 1) flood risk continually decreases, 2) upfront economic costs
increase in the short term (when compared to conventional development), and 3) the long-term
economic return on investment is much higher.
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1 Introduction

1.1 The Growing Issue of Vacant Urban Land

Vacant land is a ubiquitous urban phenomenon [1]. A small number of vacant parcels can be
an indicator of economic growth (typically characteristic of populating cities), while larger
proportions of vacant area typically indicate urban decline (typically characteristic of
depopulating cities) [2]. Historically, the term “vacant land” has carried a negative
connotation, and is often referred to alongside research on urban decay. The vacancy
condition has grown to the extent that scholars and designers have now developed an agenda
to begin to regenerate such properties through both temporary and permanent uses.
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Nearly 17% of each large U.S. city’s land area is considered vacant, with an average of 4%
of city structures unoccupied [3]. Disinvestment, suburbanization, and annexation are
reported as the primary causes of increases in vacant land, while growing local economies,
population immigration, and city policies tend to help reduce the amount of vacant land [4].
The ratio of vacant land to city size has increased by 1.3% since 1998, indicating a growing
problem [3]. While regional variations exist in both the amount and type of urban vacancies,
many vacant parcels are small, odd- shaped, and disconnected, making them difficult to
regenerate or repurpose.

1.2 Flood Disasters and Vacant Land

Disaster events can exacerbate the vacancy condition, resulting in massive increases in
vacant parcels and abandoned structures until recovery can occur. The Texas coast is one of
the most frequently impacted areas by coastal storms globally. Houston in Texas, is one of
the fastest growing U.S. cities, and has one of the highest numbers of flood-related fatalities
in the past 50 years [5]. Despite its fast development, Houston reports nearly 11% of its land
as vacant [6] (Fig. 1). Many vacant properties in Houston are peripheral greenfields which
have been annexed for future development, while the non-greenfield ones are mostly
concentrated in marginalized communities, which are also typically characterized as highly
vulnerable to flooding [7][8]. Vacant land, however, does not always need to be viewed as a
problem and, if managed or repurposed correctly, can contribute to flood resilience. Vacant
land can present valuable opportunities for urban transformations as well as a potential
solution to the flooding issues.

1.3 Vacant Land as Pores - A Prototype for the Sponge City

Despite the challenges associated with the flood vulnerability, social conditions and
disconnected typology of urban vacant land, careful research and design efforts toward
regenerating vacant land prove to be a huge opportunity for cities. The idea of “Sponge
City” has raised attention to adaptive water management as a critical part of urban planning
and policy-making [9][10]. For a sponge to absorb and hold water, the composition of
numerous small pores is essential. For cities that have been built based on traditional grey
infrastructure to get water off site as soon as possible, siting and implementing these pores
are often difficult without impeding the economic, social and other functions [11][12].
Therefore, for existing cities that are either growing or shrinking, urban vacant land
regeneration presents great suitability and feasibility to serve as the pores to enhance the
water adaptivity of cities. Rather than creating conflicting environmental and economic
objectives, as is noted with literature outlining the challenges of Sponge City, transforming
vacant land offers unprecedented opportunities for ecosystem services, as well as a variety of
economic and social co-benefits [13][14].

2 Research Objectives and Design Process

2.1 Obijectives

“Resilience through Regeneration” refers to a design approach which seeks to mitigate
community-scaled flood effects through repurposing efforts of vacant properties around
green infrastructure (GI). Using this approach, this research examines the economic costs
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and benefits of retrofitting GI into community growth plans as a strategy for vacant land
regeneration. The paper describes three design projects in Houston, which utilize the
“Resilience through Regeneration” approach: South Park, Manchester, and Sunnyside. Each
neighborhood is characterized by flood issues and elevated proportions of vacant land.
Within each, a master plan which retrofits vacant lots and proposes new development and Gl
is developed by our team from Department of Landscape Architecture and Urban Planning,
Texas A&M University. Each plan was created following a participatory design approach
which utilized feedback loops between university personnel and community members to
assist in design decision making. Then, we evaluated and compared the economic return and
hydrologic benefits of each design. These plans have been given to the communities and
local planning agencies and are being used to develop official construction documents for
portions of each plan.

2.2 Performance Assessment

The performance evaluation process utilizes consistent landscape performance tools to
capture the hydrologic and economic performance of the three master plans. The Landscape
Architecture Foundation (LAF) has developed and recommended a series of landscape
performance tools to measure the effectiveness with which existing or designed / planned
solutions fulfill their intended purpose [15]. The LAF’s ToolKkit offers a broad range of
calculators to analyze social, hydrologic, and economic performance of designs and plans.
Economic rationale of Gl is emerging as an essential component of flood provision
strategies [16]. As one of the tools included in the LAF’s Toolkit, the Center for
Neighborhood Technology’s (CNT) National Stormwater Management Calculator, also
known as the National Green Values Calculator (GVC), is an interactive tool for comparing
the performance, costs, and benefits of GI to conventional stormwater practices. This tool
has been used to assist in assessing the effectiveness of stormwater management practices on
water quality [17] and flood proofing [18], predicting runoff capture [19], and evaluating
stormwater runoff storage [20]. The strengths of this calculator include its ability to be
applied at the community scale, its emphasis on the performance of GI, and its integration of
datasets regarding local storm events and other conditions. Through 1) determining the
average precipitation of the site under investigation, 2) selecting a stormwater runoff volume
reduction goal, 3) defining the impervious areas under development with no Gl, and 4)
inputting the types of Gl utilized within the site plan, the GVC can be used to determine the
cost-efficiency of runoff volume reduction. The GVC offers a range of Gl facilities to be
chosen from including green roofs, planter boxes, rain gardens, cisterns / rain barrels, native
vegetation, filter strips, amended soil, roadside swales, trees, parking lot swales, and
permeable pavement. In this research, the GVC was used to compare costs, benefits, and
performance of Gl compared to conventional stormwater management practices [21]. And
the performance evaluation included the land cover change, the increased amount of green
space for utilitarian and recreational purposes, the amount of stormwater retention, and
economic benefits. The economic benefits are evaluated based on stormwater retention,
carbon dioxide sequestration, reduced air pollutants, compensatory value of trees,
groundwater replenishment, reduced energy use, and reduced treatment costs.
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2.3 Vacant Land Drivers and Selection

For this research, identical definitions of vacant land were used by all sites under
investigation. Vacant land data was obtained by the Houston-Galveston Area Council Land
Use Portal [22]; it defines vacant land as “land which was cleared but had no current land
use.” Vacant parcels were coded as a separate land use within the dataset. Defined as still
largely vegetated with no major apparent alterations, “undeveloped land” was also
differentiated from “vacant land” within the dataset. Lands with lower development potential
were listed as “vacant” while others were listed as “undeveloped,” making vacant land prime
parcels for non-developmental repurposing through means such as GI. However, we also
included some developmental program on selected vacant lands because each of these
neighborhoods was considered underserved and / or marginalized, and it was important to
try to increase their local economy, job opportunities, and social cohesion.

Because the same dataset was used to map all vacant lands across all three neighborhoods
and the same tool (GVC) was used to measure landscape performance of each master plan,
valid conclusions and comparisons across all projects can be made to generalize the
potential effects of the “resilience through regeneration” approach. Purposeful efforts were
made to 1) utilize the same definition and inventory method for vacant properties, 2) utilize
similar design processes and equivalent engagement procedures, and 3) utilize the same
performance assessment methodology to increase the generalizability of conclusions.

3 Design and Evaluation Outcomes
3.1 South Park, TX

3.1.1 Background—South Park is located in southern Houston along Clear Creek which
connects to the Gulf of Mexico Ship Channel and makes it highly vulnerable to flood-related
disasters. However, most of the floodings in South Park during Hurricane Harvey occurred
because of ineffective and outdated open ditch drainage infrastructure, not from overtopping
from the bayou. High vacancy rate has been a long-term problem in South Park, despite
intense population growth in Houston. While the vacancy rate of Houston decreased from
20% to 11% from 2006 to 2017, the South Park community maintained a vacancy rate near
16%. Currently, a majority of lots have remained vacant for more than 3 years within the
neighborhood. The land value in this neighborhood is 82% lower than the Houston average
and 61% lower than Houston median (Fig. 2).

3.1.2 Master Plan—The design retrofits vacant land and proposes a majority of new
development along the major arterial as well as larger-scaled community parks, to spur
future economic growth (Fig. 3). Diverse housing types including townhouses, apartments,
and affordable single family are dispersed throughout the residential areas. New functions
such as live-work houses, a family center, and religious structures along secondary arterials
are also proposed. Two-sided sidewalks and community gardens increase outdoor
recreational opportunities for community members. In order to efficiently reduce the impact
of floods, several bio- swales are built to enhance the inadequate open ditch system and
convey stormwater from the most flood-vulnerable areas to two existing detention ponds.
Several low impact bio-swales and rain gardens are integrated within severe flood-areas to
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promote infiltration and evapotranspiration. Improvements and connections are made for all
designed bio-swales, rain gardens, open ditches, detention areas, and sewers to create an
interconnected stormwater management system.

3.1.3 Projected Performance—According to the GVC, 85% of the site’s existing
vacant lots will be regenerated and 90% of existing abandoned structures will be
refurbished, redeveloped, or demolished. Fifteen percent of the vacant properties will be
regenerated into GI. Seventeen acres of new Gl will protect residents and properties and
provide both ecological and economic benefits. The GVC shows that, compared with
conventional approaches, this design increases the site’s permeable area by 15% and
captures more than 45% of the runoff volume. Simultaneously, the design can capture about
65.7 million ft3 of runoff, creating over 2.6 million dollars in annual green benefits (Fig. 4).

3.2 Manchester, TX

3.2.1 Background—Manchester is located in southeast of Houston, surrounded by
industries, and has one of the highest river impairments and lowest water qualities in the
state. It is also one of the most flood-prone neighborhoods in the U.S. Local authorities
provide sightseeing ventures named “Toxic Tours” for visitors and residents to raise
awareness of the serious flooding and pollution conditions in the neighborhood [23]. The
site is composed of 16% vacant parcels / abandoned structures; 68% of the neighborhood’s
surface is currently impervious. A significant lack of open space makes the current
infrastructure ineffective in preventing flooding caused by both frequent and intense storms.

3.2.2 Master Plan—According to the design (Fig. 5), most of the vacant properties are
repurposed as Gl. Based on community feedback, new functionality of green spaces includes
event space, recreational opportunities, edible gardens, and parks along with a mixture of
stormwater management facilities. Each residential block was incorporated with its own
fitness garden, which is retrofitted from existing vacant parcels. To satisfy the demand of
various age groups, more community support services are also designed into the vision,
including a community center, a children’s center, a senior club, health care facilities, a
bookstore, and a library. The market and community center are two anchors to spur
development, generate local business revenue, increase activities in the neighborhood, and
strengthen residents’ sense of belonging to the community. Event spaces and the community
center provide a site for residents to hold their traditional cultural celebrations / festivals
while a popup market allows for selling local crafts and goods. A proposed food distribution
center will connect local farmers with grocery stores and food markets, as well as offer
nutrition assistance to disadvantaged households. Streetscape improvements and new
stormwater mitigation facilities are proposed to counteract effects of any proposed
development. Because the flow paths and ponding areas of stormwater are primarily located
on the streets, streetscape amenities to deal with flooding issues are of primary concern. A
series of low impact stormwater mitigation techniques are proposed along the roadways to
help the current insufficient gutters and sewers collect stormwater. Curb cuts are also
strategically located to direct the water to bio-swales along the streets. Excess rain water that
cannot be collected is directed into the other proposed facilities as parts of a flood
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attenuation system. And designed rain gardens can serve as green space for residents in dry
times.

3.2.3 Projected Performance—After the design is implemented, a majority of the
existing underutilized parcels will be regenerated. Simultaneously, the amount of green
space increases to nearly 7 times of its current amount while the percentage of pervious
surface increases from 36% to 51% (Fig. 6). This change will strengthen the capability of
water infiltration. According to the GVC, over 40 million gallons of stormwater can be
retained annually, with over 5 million dollars of annual green benefits are generated from the
multi-functional GI.

3.3 Sunnyside, TX

3.3.1 Background—Sunnyside is a marginalized and flood-prone super- neighborhood
in south Houston, TX which is located tangent to South Park. Due to outdated and
ineffective infrastructure, Sunnyside is severely impacted by large rainfall events and a
majority of the floods were due to the inability of the open ditch system to provide adequate
drainage. Four major issues affect Sunnyside: floodwaters, excessive vacant land, physical
inactivity, and a lack of ecological infrastructure. The top five reasons these issues exist, as
proclaimed by residents, were due to low housing conditions (9%), infrastructure
inadequacies (31%), lack of maintenance (26%), security and crime concerns (22%), and
local economic downturns (12%). Fifty percent of the design site is within the 100-year
floodplain. It was noted by residents that in order to avoid flooding, new construction in the
site is built at a higher elevation, which leads to new and increased flooding issues for
existing housing. Due to the inadequate open ditch system and a lack of effective GI, many
of the stormwater ponds are along the roads and within single- family residences.

3.3.2 Master Plan—The master plan (Fig. 7) proposes a Gl system that will help
mitigate the impact of future severe rainfall events. The system is formed through an
interconnected network of bio-swales, rain gardens, detention ponds, retention ponds,
riparian corridors, and parking lot renovations. Most of the existing vacant lots will be
repurposed as Gl in stormwater ponding areas, due to the current low development potential
for high probability of flood damage, the relatively low land value, the lack of jobs, and high
poverty. All newly proposed pocket parks on site will serve as flood attenuation pockets. In
the single-family districts where identified standing water exists, a system of rain gardens is
proposed. Outdoor structures store stormwater during flood events while bio-swales within
backyards of single-family homes distribute stormwater to the existing open ditch and sewer
system.

Four existing detention ponds are also improved through the design. Recreation decks along
detention ponds increase physical activity time, while proposed Gl facilities tangent to these
ponds capture spillover during future flood events. A proposed religious structure also serves
as a flood shelter during disaster events. The bio-swale system helps to capture stormwater
exceeding current capacities and distribute it into the current system. The commercial center
with large exposed permeable parking lot is also a good opportunity for stormwater
management where excess impervious surfaces exist.
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3.3.3 Projected Performance—The GVC was used to calculate the runoff volume
captured in pre and post scenarios as well as the overall benefits to the community. Overall,
the ability of the proposed design to capture runoff volume increased from 49.6% to 190.7%.
One-hundred and forty-three acres of vacant space will be regenerated, four times more
walkable space will be created, and dense canopy coverage increases from 23.9% to 39.8%

(Fig. 8).

4 Discussion and Conclusions

This research examined the hydrological and economic effects of Gl as a strategy for vacant
land regeneration. Three design projects were carried out independently in three underserved
neighborhoods in Houston, following a “Resilience through Regeneration” approach. This
approach incorporates both public engagement and site-specific programming. For the
landscape performance evaluation, we applied the GVC to the three master plans to assess
the impacts.

Although the three projects focused on the same “Resilience through Regeneration”
framework, they diverged in terms of the critical problems related to vacant land and the
solutions to the problems. However, consistent patterns were revealed from comparing the
impacts of the three projects calculated by the GVC and shown in Tables 1-3.

First, our strategy to regenerate vacant properties is more easily performed because of less
developmental expenses. In fact, 95% of pre-design vacant lands were regenerated, on
average across all three sites. Because a large proportion of the repurposed vacant properties
were not based on developmental pursuits but GI, we could still transform the lands of Gl
into development lands in the future if needed. The green spaces can provide temporary or
permanent functions to assist with social or hydrological needs. These newly created nodes
will spur diverse interaction and networks of people, resources, and activities, which will
potentially contribute to urban vitality and land use optimization.

Second, this increase in green space significantly assists in stormwater retention. Across all

sites, the plans called for an average of over 11% of increase in green space. This results in

over 22.2 million gallons of stormwater retained annually, which equals approximately 40%
of the storage capacity of one of Houston’s two major reservoirs, Addicks Reservoir [24].

Third, the economic benefits created by this increase in green space and Gl over a 100-year
life cycle greatly outweigh the upfront construction and maintenance costs. With an average
total cost (including construction and maintenance) of 34.5 million dollars but an 87.8
million dollar economic benefit across all three sites. These benefits generally take around
40 years to produce a return on investment. Construction costs appear to claim a bulk of the
overall cost total, green roofs have the highest overall costs (about USD 250 / m3) to
construct while rain gardens provide the most benefits for the least cost (about USD 180/
m3).

In many cases, upfront costs are extremely high, so marginalized communities will need to
seek additional funding and phase in such projects. However, this research shows that when
using Gl to assist in regenerating vacant properties, upfront economic costs increase in the
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short term while the long-term return on investment is much higher. It should be noted that
this total cost-benefit comparison, however, does not include jobs created, local economy
increases, social and public health savings, and savings from flood recovery costs. Although
these benefits are not immediately capitalized, they are likely to serve as catalysts for growth
and sustainability of the city.

Fourth, although all three designs explore the strategy of regenerating vacant land with Gl
and stormwater management, they propose different strategies for regeneration, based on the
pre-design vacant land conditions and design priorities identified by residents. Future
designers can draw lessons from the three prototypes. The South Park design represents a
solution for an inland neighborhood that faces severe challenges in high percentages of
vacant land (more than 35%); The Manchester design demonstrates a solution for a
riverfront neighborhood that is impacted by flooding and low physical and mental health;
And the Sunnyside design provides an example for a neighborhood that has an outdated
open ditch drainage system, which caused inland flooding during excessive rainfall.

As one of the first attempts to apply and evaluate the Sponge City principles as incremental
strategies in existing cities, these projects demonstrated the prototype of utilizing and
repurposing vacant land as the pores within the Sponge City. Based on the improved
hydrological and economic performance across three different projects, it is indicated that
these prototypes have the potential to be applied in cities that face similar challenges in
increased vacancy rate and flood hazard.
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Figure 1.
Vacant land in Houston in 2017 and locations of three case sites (© Zhu Rui)
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Figure 2.
Vacant land conditions within the design site in South Park (© Zhu Rui)
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Figure 3.
Master plan for South Park (© Zhu Rui)
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Figure 4.
Projected performance summary of the master plan for South Park (©Zhu Rui)
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Figureb.
Master plan for Manchester (© Galen Newman)
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Figure®6.
Projected performance summary of the master plan for Manchester (© Galen Newman)
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Figure7.
Master plan for Sunnyside (© Ren Dingding)
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Hydrologic Mitigation Obsolescence Regenerated

The ability to capture the runoff volume required

Before: 49.5% After: 190.7%

Physical Activity Ecological Infrastructure

143.3 acres of obsolescence space regenerated

4 times more walkable space

The canopy coverage percentage

Before: 23.9% After: 39.8%

Figure8.
Projected performance summary of the master plan for Sunnyside (© Ren Dingding)
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