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ABSTRACT 
 

The threat of climate change, sea level rise, and the increasing risk of flooding is a severe 

challenge to coastal cities worldwide. The Gowanus Canal Neighborhood, located in New 

York City, is also among the places facing this issue and was investigated in this research. In 

addition to climate change, a second issue investigated that is poised to have an increasingly 

significant influence on the Gowanus Canal's future is the impending rezoning of this area 

by New York City's Department of City Planning. 

With substantial vacant or underused properties, of which a significant number of those have 

historic industrial characteristics, rising demand and value of housing, and the ever-present 

pressure of development, residents, stakeholders, and city officials have been engaging in a 

conversation together about how the land surrounding the Gowanus Canal should be used in 

the future. They consider that the neighborhood's existing socioeconomic, historical, and 

demographic context has been generally ignored at the expense of purely infrastructure 

solutions. In recent years, community planning initiatives were undertaken. The city's 

planning department has since begun the formal process of considering the results of this 

planning process in formulating a new zoning framework for the neighborhood. The 

outcomes of this process will dictate land use policies for the foreseeable future. 

To address this oversight and develop strategies that address all the above subjects, this 

research investigated how parametric tools, generally used for developing projects on an 

isolated lot and parcel scale or for creating masterplans in uninhabited areas, could be 

explored in already developed areas. Specifically, the research tested how the parametric 

interaction could generate a zoning that more adequately meets community's expectations in 

line with the environmental challenges in the Gowanus Canal area. Two sites with similar 

characteristics to the Gowanus Canal, both environmental, social, and economic, were 

studied. In addition, two studies addressing parametric tools' efficiency in developing 

strategies to mitigate the harmful effects caused by floods were investigated. Then, different 

parametric tools were tested to select the most accurate for the specific data types related to 

the site of Gowanus Canal. 

The research collected qualitative data, such as the community’s desire to create safer streets 

and improved access to employment opportunities, and quantitative data including 

topography and sea level rise indexes, of the Gowanus area. These were overlapped and 

compared, brought into a parametric model, to generate, through parametric analysis and 

simulations, proposals for a new zoning with resilient strategies optimizing responses to the 

existing challenges in the Gowanus Canal area. 

In the final stage of the work's development, it was revealed that the scale of the analysis of 

the Gowanus Canal was overly complex, both in terms of the number of social and economic 

factors, as well as in environmental aspects; for a better response from the parametric 

software yielding a proposal for coherent zoning, reducing the scale of the analysis was 

necessary—closer to parcel than district scale. For this, a perimeter was delimited in the 
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center of the neighborhood. The reduction of the research area significantly improved control 

of the data inserted in the parameterization programs. After several iterations, a divergence 

in the parametric model’s functionality was noticed concerning the insertion of qualitative 

data. Its privileging the quantitative, to obtain more precise models for viable zoning the 

parameterization of qualitative was set aside for the benefit of the project. 

In conclusion, the research revealed both potentials of recent innovations in parametric 

software research and limitations of these; they currently are limited in their capacity to 

integrate qualitative (i.e., flooding, street pattern) data with quantitative data (social goals 

and heritage priorities). Furthermore, the Gowanus Canal, as a developed area full of 

infrastructure and which faces challenges related to sea level rise, served as a concrete site 

of inquiry to test the limits of parametric research applied to complex urban areas. Finally, 

the significance of this research is that it has revealed the need to further develop qualitative 

data translation methods and parameterization tools to allow the analysis and synthesis of 

contrasting types of complex data, such as social factors, to generate resilient and socially 

responsible projects in urban areas. 
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1. INTRODUCTION 

1.1. Overview 
 

Sea level rise is a global phenomenon that has shown an undeniable acceleration. Among the 

causes of sea level rise are expanding warm waters, a slowing Gulf Stream, sinking land and 

especially the melting ice from the North and South Pole. According to the Sea Level Rise 

Organization (SLRO), in 2016, sea level has risen by 6 inches since 1950 in the United States, 

and a further 6-inch rise is projected over the next 20 years. Since the level is predicted to 

increase by the same amount in one-third the time, this demonstrates the acceleration of the 

process. Despite the various causes and fact of acceleration, this thesis will focus on the 

consequences that such a phenomenon can provoke on urban centers, specifically in coastal 

areas. 

In coastal cities in the United States, 

the frequency of floods has increased 

sharply since 1950. According to the 

graph made available on the EPA 

(United States Environmental 

Protection Agency) digital platform, 

30 of the 33 cities registered showed a 

constant increase in the average 

number of days per year in which 

waters rose above the flood threshold 

from 1950 to 2020 (Figure 1). In most 

of these cities the annual average is 

considerably higher in the period 2010 

to 2020 compared to previous time 

intervals. This fact indicates that in 

addition to the sea level acceleration, 

there is also an increase in the 

frequency of flood events resulting 

from this phenomenon. The shrinking 

difference between water levels and 

those of constructed land contributes to 

seasonal high tide and storm water 

pushing towards and over the shore. 

Figure 1 - Average Number of Coastal Flood Events per Year, 1950–2020 (EPA 2020) 

 

According to the United Nations International Strategy for Disaster Reduction report 

(UNISDR 2015, 11-14), The Human Cost of Weather-Related Disaster, between 1995 and 

2015, the highest occurrence of natural disasters was floods, representing 43% of the total 
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cases, followed by storm events, equivalent to 28% of total natural disasters. In addition, 

floods are the type of environmental disaster that most affects populations (with no record of 

deaths), impacting the lives of 2.3 billion people between 1995 and 2015, or 56% of the 

population vulnerable to some type of environmental disaster in more susceptible geographic 

areas. Storms are the natural events that cause the most deaths due to environmental disasters, 

with 242,000 deaths caused by storms recorded between 1995 and 2015. The following image 

(figure 2) demonstrates that the number of disaster events between 1980-1999 in comparison 

with 2000-2019 has sharply increased for these two most common types of disasters 

(UNDRR 2019). 

 

Figure 2 - Total Disaster Events by Type: 1980-1999 vs. 2000-2019 (UNDRR 2019) 

 

Another important factor is that, according to the UNISDR, the types of disasters indicated 

above are responsible for the greatest economic losses among all others, with storms in first 

place (38%), and floods in third (25%) (Figure 3). Among the losses are the destruction or 

damage to homes, schools, clinics and hospitals, transport infrastructure networks, water, 

energy, telephone and drainage infrastructures. The consequences of events of such 

magnitude can paralyze a community for days, putting the population in imminent danger of 

death, and isolating them from the possibility of commuting within the city or relocation, as 

well as causing the personal loss of property (UNISDR 2015). 
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Figure 3 – Breakdown of recorded economic damage (UNISDR 2015) 

 

1.2. Problem Statement 
 

Urban planning projects in flood-prone areas are complex tasks where failures can cause 

disastrous results. This project investigates methods to approach integrating flood analysis, 

based on collected data of past occurrences and projected data for the next decades, into urban 

massing strategies for a part of the Gowanus Canal area in Brooklyn, New York City (NYC), 

an important post-industrial hub rich with historically significant structures, and a vast 

potential for development and reintegration into the surrounding city fabric. 

Understanding the urban form (street network, transportation, lots, buildings, and risk areas) 

as well as demographics is a crucial step in city planning, given its longest-lasting effect on 

an area’s social, economic, and ecological performance. This research employs 

computational parametric methods in order to optimize the urban form to connect the 

neighborhoods in the Gowanus Canal area that nowadays are separated by the water body. 

The computational approach works with data provided by governmental and community 

organizations that address the concerns of the community. These mostly relate to 

environmental factors, like sea level rise, and aspects related to social performance, such as 

connectivity to public transportation and general community integration (employment, 

education, and leisure). An initial spatial and contextual analysis identified human-centered 

historical, cultural, urban, and demographic qualities of the district. This data was integrated 

with those concerning environmental challenges of the site, such as flood zones formed by 

topography and other factors. 
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Figure 4 - Search summary in ascending order (author, 2022) 

 

1.3. Objectives and Research Questions 
 

In order to find solutions to the previously indicated problems, this thesis approaches 

parametric design as a process that can contribute to generating spatial configurations and 

solutions that can reduce the impact of flooding and mitigate sea level rise in urban port sites. 

The work to be done in this study will concentrate on the Gowanus Canal and its 

neighborhood, a port area in NYC already impacted by sea level rise and prone to flood 

incidents. As an inhabited neighborhood that has its own history and identity, the analysis 

aims to formulate strategies to resiliently respond to existing situation of flood risk, 

respecting the history of the Canal and the current community context and needs. Therefore, 

the final goal of this thesis is to propose local flood risk mitigation strategies in the Gowanus 

Canal taking into account that the existing socioeconomic, historical and demographic 

context of the neighborhood are generally ignored at the expense of purely infrastructure 

solutions. 

The following questions are pursued in order to achieve the objectives of this research, in 

which the parametric modelling will be the key tool to generate propositions to mitigate flood 

risk in the Gowanus Canal. 

 

How can a parametric strategy contribute to developing solutions to mitigating flood 

risk in the Gowanus Canal by integrating analysis of the site and its context? 

How can quantitative and qualitative aspects such as historical, social, and 

environmental data be translated into a parametric model in order to map the 

characteristics of a particular already developed area? How can the combined 

strategy resulting from these correlations meet the population's needs and its urban 
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growth in line with the expected sea level rise in the coming decades in the Gowanus 

Canal? 

 

Figure 5 - Towards a resilient future in the Gowanus Canal Area (adapted from Bjarke Ingels Group, 2022) 

 

Therefore, the intention of this research is to simulate, using parametric tools and models, 

methods to enforce flooding resilience in the Canal area, to inform urban planning that 

integrates prioritized community goals and other environmental challenges, ones that are 

already affecting and will increasingly strike the area in coming decades. 

 

1.4. Research Methods 
 

This thesis examines environmental, historical, spatial, and socioeconomic features that 

make up part of the Gowanus Canal area in Brooklyn, NYC. Firstly, the impacts of the sea 

level rise, flood risk, history and projections in the site will be studied. Sequentially, the 

neighborhood’s context will be analyzed, taking into account historical and current maps 

used for comparison; data from public, private and social agencies; and urban planning tools. 

Another important aspect for understanding the area is the research on the materiality and 

scale of existing structures. The study presents about the materials and the predominant 

industrial archaeological identity in the area. Historical analysis and projects located in the 

surroundings are compared in order to reinforce the importance of the material heritage and 

scale of the predominant buildings in the Gowanus Canal and to guide material/scale 

decisions for proposed interventions on the site. 

As project references, the thesis analyzes two case studies in areas sharing historical 

industrial characteristics similar to the Gowanus Canal. 
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The last part of the work proposes an urban intervention for the selected area on the Gowanus 

Canal using parametric design tools. This chapter introduces the concept of parametric design 

and the tools used to develop the project. Here, two projects that primarily use parametric 

tools for elaborating the design strategy are analyzed. 

Finally, the last chapter sets out guidelines for future work. 

In the following sections, the structure of this theses will be presented, from the history and 

context of the Gowanus Canal to the final results of this research. 

 

1.4.1. Gowanus Canal: environmental and historical context 

framework  
 

The first element of the research methods entails an analysis of the Gowanus Canal 

environmental characteristics: how the global situation of sea level rise manifests at the 

neighborhood scale, and which associated factors need to be taken into account. The sea level 

rise is a permanent global issue that requires attention from all possible concerned 

organizations, but its impacts can gravely affect places at the small scale. In the global 

scenario, sporadic events, such as storms and hurricanes, can have severe consequences on 

cities and its population due to the aggravation of its outcomes, floods being one of the most 

recurrent events, as discussed previously and presented in Figure 2 (UNDRR 2019). To better 

explain the effects that sea level rise can provoke in the Gowanus Canal as a port area, data 

on the history of local flooding will be collected and put in relation to predicted risk in coming 

decades. Statistics from past events are important references to forecast the level of the 

impact of future environmental disasters or flooding, the proposal of this thesis it is not to 

find a solution for sea level rise, since this would require a deeper understanding of its causes 

and a greater action scale. The intention here is to comprehend how it is possible to mitigate 

the consequences of this climatic event in a way that smaller scales environments are able to 

resiliently respond to climate crisis such as floodings.  

Following investigation of the environmental conditions, research into the history of the 

Gowanus Canal will form the basis for understanding the development of the local identity 

over time and the current spatial configuration of the canal and surrounding neighborhood. 

The establishment of the area as an industrial zone, given its location on the inland waterway, 

is an essential key to comprehend the current local context. 

 

1.4.2. Identification of Parameters 
A second component of the research methods accounts for the types of data, and their sources, 

that will result in inputs to be utilized as parameters in the parametric model. These data, 

extracted from online platforms and government organization documents, quantify and 



19 

 

qualify existing infrastructure and addresses demographic and socioeconomic features of the 

neighborhood. 

Beyond the official sources, such as government organizations, among the reviewed sources 

included are the voices of the community through Gowanus by Design (GBD), a non-profit 

urban design advocacy organization that proposes new urban strategies for the neighborhood 

that take impacts on the community’s life into account. Further representation of the 

neighbors’ voices is presented in the official report developed by the NYC Department of 

City Planning (DCP), “Gowanus: A Framework for a Sustainable, Inclusive, Mixed-Use 

Neighborhood” (2018). It documents community meetings and public outreach as essential 

to outlining a map to create strategies to be implemented as part of a Neighborhood Plan 

towards the development of a resilient Gowanus. 

The following diagram (figure 6) presents the data classification and their corresponding 

sources. 

 

 

Figure 6 - Data Classification and its Sources (author, 2022) 

 

1.4.3. Case Studies: interventions in formerly industrial sites – SESC 

Pompeia and Domino Sugar Refinery 
 

To articulate different potential approaches to historic, post-industrial waterfront 

architectures, the research methods also include comparative analysis of two case studies that 

share spatial conditions similar to the site where the intervention in the Gowanus Canal will 

take place. 
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First, as a globally recognized masterwork combining heritage conservation and modern 

intervention, this research examines the SESC (Serviço Social do Comércio - Business Social 

Service) Pompeia, designed by Lina Bo Bardi.  An old, metal barrel factory in the working-

class district of Pompeia, in São Paulo, Brazil, this complex of buildings was already 

spontaneously occupied by neighbors who spent the weekends amidst the warehouses, and, 

with Bo Bardi’s insertion, became a sports and leisure center. 

The second case-study project investigated is the development plan for the Domino Sugar 

Refinery along the East River waterfront in the Williamsburg neighborhood of Brooklyn, 

NYC.  This industrial complex, for many years prestigious in its production and generation 

of local employment, was bought by investors with the intention of "renovating" this district. 

In both studies, I present an analysis of the urban context and the scale of the new 

constructions in relationship with the existing industrial heritage on each site. I relate the 

proposals to each other and point out how their characteristics provide insights for the 

strategies proposed for the Gowanus Canal in this thesis. 

 

1.4.4. Parametric Modeling – Computational Model Framework 
 

This chapter is dedicated to introducing an integrated computational model incorporating 

previously discussed urban design parameters, mapping issues related to sea level rise, and 

density expansion strategies in the Gowanus Canal area. This chapter also illustrates the 

proposed model workflow along with an evaluation process of some urban planning 

scenarios that can serve as a basis for port regions that share characteristics with the Gowanus 

Canal. 

1.4.5. Results 
 

In this section, the results of the tests performed with the parametric tools are presented.  
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2. GOWANUS CANAL: AN ENVIRONMENTAL AND 

HISTORICAL CONTEXT FRAMEWORK 
 

2.1. An Overview of the Area 
 

Resilient environments can be studied from different perspectives. A resilient city or place is 

the one that, within all its components and systems, has the ability to survive and adapt in 

case of a traumatic event that overcomes it. Urban centers are the most populated and 

densified areas, and while this factor brings great diversity it also brings vulnerabilities 

concerning the ability to offer assistance to the urban community and adequate infrastructure 

(ResilientCitiesNetwork 2022). This, combined with potential natural events caused by 

climate change, as in the case of the Sea Level Rise and storms in NYC, can add to the 

stresses that weaken the urban fabric and the community over time. To create a resilient 

environment is to strengthen and make the place more flexible, empowering it to thrive in 

the face of events predicted by past occurrences and known risks. 

In the specific case of the Gowanus Canal, located in the coastal zone of NYC, important 

matters to take into consideration in this research include sea level rise, industrial archeology 

and community. To develop a resilient place that takes into account the needs of the 

community, it is crucial to comprehend the local identity and socioeconomic context of its 

surrounding, taking into consideration the significance of the area’s industrial past and how 

industrial activities affected the neighborhood, historically and today, and how this context 

relates to sea level rise by exacerbating impacts of events such as floods.  

This analysis compasses, in the first step, the overall context of the Gowanus Neighborhood 

and its surrounding area in which the three topics designated above are investigated and 

analyzed. The site where the parametric solution will be proposed is chosen through this 

investigation. 
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Figure 7 - Gowanus Canal Location (adapted from Google Earth, 2022) 

2.2. Impacts of Sea Level Rise in the Gowanus Canal 
 

According to the SLRO, sea levels in the Battery area of NYC have risen nearly 9 inches 

since 1950 (figure 8) and have been increasing steadily over time. Due to constant 

measurement, every 6 minutes, that takes place in the area, it is possible to know that, 

currently, the sea level is rising by 1 inch every 6-7 years (SeaLevelRise.org 2022). The 

Battery is relatively close to the study area of this research, the Gowanus Canal, and we can 

take this proximity into account to analyze the vulnerability that the Gowanus port area 

suffers from sea level change.  Other coastal points in NYC also present sea level rise 

proportional to the rates brought up in the Battery area (figure 8). This indicates that this 

climate event has impacts in all coastal places in the city, as expected from a global issue 

derived from climate changes (SeaLevelRise.org 2022). 
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Figure 8 - Sea level measurement from The Battery (top) area tide gauge since 1950. The following images, in order from 

left to right, top to bottom, refer to the comparison of sea level measurements on the same scale for The Battery, Port 

Jefferson, Kings Point and Bergen Points since 1950. (SeaLevelRise.org 2022). 

In the study made by the GBD platform (GowanusByDesign.org 2022), they noted that in 

2020 the sea level was 10 inches higher than the level calculated between 2000-2004. By 

2050, this figure is expected to rise to 30 inches. By 2080, the forecast is that sea level rise 

will reach 58 inches, and by 2100, 75 inches. As visualized in the graph below (figure 9), it 

is possible to see this predicted increase in the time indicated by the study. Between 2020, 

2050 and 2080 there is the same thirty-year interval between forecasts. However, the increase 

expected after the 30 years that separates each estimate has a significant increase. Between 

2020 and 2050, a 20-inch rise in sea level is expected, but between 2050 and 2080, the level 

is predicted to rise another 28 inches (table 1)("Gowanus Atlas" 2022). This projected data 

demonstrates the acceleration cited by the SLRO. 
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Figure 9 - Projected Sea Level in The Next Decades (adapted from GowanusByDesign.org 2022) 

 

 

Measured and Projected Sea Level Rise in New York 

  

Period (years) 
Time Range 

(years) 

Sea Level 
Rise 

(inches) 

Average 
increase per 
year in the 

indicated time 
range (inches) 

Average 
increase per 

year between 
2020-2100 

(inches) 

Measured 1950 - 2016 66 8.87 0.134  - 

Projection 
(GBD) 

2020 - 2050 30 20.0 0.66 

0.81 2050 -2080 30 28.0 0.93 

2080 - 2100 20 17.0 0.85 
Table 1 - Measured and Projected Sea Level Rise in New York (adapted from SLRO and GBD) 

The following sequence of images (figure 10) presents the projected sea level rise in the years 

2050, 2080 and 2100, illustrating the data introduced in the previous paragraph, graphic and 

table. 
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Figure 10 - Sea Level Rise projection 2020-2100 (adapted from NYC Open Data, 2022) 

This acceleration in sea level rise brings attention to the coastal and port areas of the city 

which are in a situation of great vulnerability due to greater risk of storm, hurricane, or other 

weather-event induced flooding. This vulnerability is made more complex by several factors, 

the first being climate variation itself, a consequence of human interference in nature acting 

directly on sea level. Another factor contributing to the vulnerability of the area is the 

presence of the subway system (MTA – Metropolitan Transportation Authority); as evident 

with Superstorm Sandy, in a moment of flooding, the underground sections of transport 

network are the first to be affected, greatly impacting the entire transport infrastructure 

system of the city. The third vulnerability factor arises from the combined stormwater and 

sewage drainage system. Even small increases of sea level rise can cause flooding from 

overflow, due to the additional pressure on the existing stormwater drainage system, as 

illustrated in the figure 11 below (SeaLevelRise.org 2022).  
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Figure 11 - Drainage with high tide / sea level rise (SeaLevelRise.org 2022) 

The following map (figure 12), presented by GBD, indicates the flood zones along the port 

of the Gowanus Canal, showing that the entire study area of this research is prone to flooding 

("Gowanus Atlas" 2022). Overlapping the area vulnerable to flooding, we can see ten points 

of combined storm and sewage outlets, prone to back-up and overflow; such flooding and 

overflow of the sanitation system can increase the consequences of the disaster for the 

population and for the recovery of the community and the urban environment. Among the 

consequences of the combined sewer overflow (CSO) is further contamination of the Canal 

water that can potentially reach the streets in a flood event and increase exposure of the local 

population to health issues regarding sanitary problems.  

 

Figure 12 - Sewer overflow points in the Gowanus Canal region (GowanusByDesign.org 2022) 

As suggested above, a case of great relevance to this topic is Hurricane (“Superstorm”) 

Sandy, which hit the city in 2012, and had severe consequences in many areas of the NYC 

region, including the Gowanus Canal area. Phenomena such as hurricanes and tropical storms 

can have their effects amplified by sea level rise as this condition allows water to be pushed 

further into the mainland. Hurricane Sandy exemplified the devastation that can be caused to 

flood-prone coastal areas if adequate measures are not taken to either prevent the damage 

from weather events through policies that reduce climate change driven sea level rise or to 

enact measures to make urban environments more resilient. To reduce climate change, it is 

necessary to adopt high level global policies. On the other hand, working on strategies to deal 
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with potential consequences of climate change allows city government or local organizations 

to act on it in vulnerable zones to be able to respond better in such events. According to the 

bulletin published by the city, “Sandy and Its Impacts,” in NYC alone there were 43 deaths; 

almost 90,000 buildings were in flood zones; accounting 70,000 housing units that were 

confirmed to have suffered some damage; 35,000 housing units from NYCHA lost power, 

heat or hot water; hospitals had to be evacuated, and businesses beyond the Sandy’s 

inundation area were affected (Sandy and Its Impacts 2013). Millions of people were left 

without power and without access to local transportation. In addition, the destruction caused 

great economic damage. The investment needed to rebuild the city and support population 

was estimated at $19 billion. According to a National Geographic publication (Gibbens 

2019), not only were some flood protection structures unmaintained, but the city also lacked 

sufficient response plans for such environmental disasters, and failed to communicate 

instructions to the population on how to deal with the consequences of such a catastrophe. 

 

Figure 13 - Photos of Hurricane Sandy's Gowanus and Red Hook Wrath (Signore 2012) 

 

2.3. The Gowanus Canal: Historical Approach and Industrial 

Archeology 
 

The Gowanus Neighborhood, a space with a tidal inlet and small swamp streams, was once 

home to an indigenous community. It takes its name “Gowanus” in honor of the head of the 

local tribe. 

The 1600s transformed the region, as it was a period when the Dutch settled there and were 

responsible for Brooklyn's first export, the Gowanus oysters. The city of Brooklyn has seen 

continuous development, incorporating the stream and farmland into its urban fabric, and, in 

the 19th century, it was the fastest growing city in America (GowanusCanal.org 2022). 
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Figure 14 - The village consolidation in the south of Manhattan Island (in red) and the Gowanus Canal in the lower center 

of the image. New York, 1781 (Library of Congress 2022) 

The village of Gowanus was founded in the area. A new canal, called the Gowanus Canal, 

was completed in 1860. Although short, at only two miles long, the intention was to create 

navigation facilities and attract more people to New York Harbor. This structure had a 

positive result, as new factories and residential communities emerged thanks to it, and the 

Gowanus Canal became one of the main places of concentration of heavy industry, including 

an oil refinery and cement factory, among others. 



29 

 

 

Figure 15 - 1874, The map of Brooklyn (Library of Congress, 1952) 

The growth associated with the canal soon became the target of real estate speculation. In the 

20th century, large areas occupied by the working class were developed around the industrial 

core. Neighborhoods grew rapidly and required a sewage “system,” which was eventually 

resolved by simply dumping raw sewage into the Gowanus Canal. As expansion continued, 

this problem of a dysfunctional sewage system soon had to be resolved. The solution was to 

circulate the stagnant water in the Canal with an introduction of a pumping station. 

Although the sewer problems were resolved, the Canal's decline was just beginning. With 

the construction of the Gowanus/Brooklyn-Queens expressway, truck distribution began to 

replace barge transport and the Canal was no longer profitable as a transportation path. 

Consequently, the Army Corps of Engineers gave up regular dredging. This period saw a 

notable loss of jobs and, with that, industrial properties started to be abandoned. In 1961, 

with the breakdown of the unloading station, this area was to be completely abandoned for 

more than thirty years. 

The Canal only gained a new meaning and new inhabitants when, in the seventies, the 

“Brownstone Revival” movement highlighted the need for environmental care. This 

movement was so important that it continues to be a great supporter of the revitalization of 

the Canal. And thanks to it, a new Wastewater Treatment Station in the Canal was 

constructed. 
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From 1999 onwards, investments by governmental offices and organizations were made to 

produce studies and disseminate their findings, implement revitalization processes, pilot and 

community development plans; (aiming) to build parks and restore ecosystems by dredging, 

restore of wetlands and habitats, and to seek to improve water quality. 

As a result of the history of the Canal and its surrounding area, now, the Gowanus 

Neighborhood is an amalgam of vacant industrial sheds, voids in the urban fabric, surface 

parking lots, and a lack of parks and vegetation. 

 

Figure 16 - Gowanus Canal and F G subway line structure (Google Earth Pro 2022) 

In 2019, the DCP of NYC issued a Draft Scope of Work (DSOW), detailing the 80-block 

area of the Gowanus and presenting a rezoning proposal (NYC Planning 2021). 

The intention of the new zoning was to create opportunities for the development of new 

housing, to be regulated by income, in spaces where prior zoning previously prohibited 

housing. The objective of the plan foresaw the construction of 8,200 apartments, an acre of 

park and a school by 2035, but without the obligation to follow this deadline (Spivack 2019). 

The community voiced concerns about such an intervention, fearing that space for 

recreational uses would end up demolished, just as retail and the unique industrial 

architectural heritage in the area could have the same ending (Kensinger 2018). Another issue 

of concern to the community was that the addition of new residents would overwhelm 

schools. Furthermore, the new zoning plan was approved without taking into account the 

community's ideas, which could have enriched and helped to plan a fairer and more 

sustainable project. 
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Figure 17 - Gowanus Canal Timeline (author, 2022) 

To better understand the identity of the Gowanus Neighborhood and how it relates to the 

community, it is essential to comprehend how the industrial period that influenced the area 

and the consequences of the development of industries in the port. The objective of studying 

the identity composed by the industrial architecture in the Gowanus Canal is to understand 

how this aesthetic and cultural narrative originated and its importance for the context in 

which it is inserted. 

Industrial archeology uses the most appropriate research methods to increase understanding 

of the industrial past and present. It is an interdisciplinary method that studies all remains, 

material and immaterial, documents, artifacts, stratigraphy and structures, human 

settlements, and natural and urban landscapes created for or by industrial processes (R.R.d. 

Silva and Lopes-Cordeiro 2017). 

Industrial heritage must be considered an integral part of cultural heritage in general. 

However, its legal protection must take into account its specific nature. It must be able to 

protect factories and their machines, their underground elements and structures on the 

ground, complexes and sets of buildings, and industrial landscapes. Industrial waste areas, as 

well as ruins, must be protected, both for their archaeological potential and for their 

ecological value (TICCIH 2003). 
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Figure 18 - 1960, The industrialized territory of the Gowanus Canal (Brooklyn Public Library, 2022) 

 

Any historical analysis of a place is meaningless if it is not used to make sense of the present 

moment. It is essential to understand the uniqueness of the place that contains industrial 

characteristics, as this contributes to understanding the meaning of a place, which differs 

from the generic design predominant in urban space. 

To understand the history of the Gowanus Canal through an industrial archaeological 

narrative, one must first understand the history and definition of the term industrial 

archaeology. 

In the 1950s, the development of methods to interpret and protect industrial archeology took 

place in England, cradle of the Industrial Revolution. The threat of destruction of the Euston 

Arch, a vestige of the beginnings of the British railways, served as a catalyst for ideas that 

had been dispersed until then. The idea of studying and preserving the material vestiges 

inherited from the Industrial Revolution began to oppose the contempt towards industrial 

works of cultural and historical interest, such as old factories, locks, machines, mines, metal 

bridges, and railway installations.  

The expression “Industrial Archeology” was first used in 1955 by Michel Rix, a professor at 

the University of Birmingham. In 1963, Kenneth Hudson, one of the great pioneers on the 

subject, defined the expression as “the discovery, recording and study of the industry and 

communications of the past” (Ramos 1990). 

If at first industrial archeology was exclusively associated with the study of the traces of the 

Industrial Revolution, in the early 70s, and still in England, it extended the chronology, which 

some stretch to times as remote as the Neolithic Revolution. Until the mid-1970s, many 



33 

 

associations dedicated to its study were created, especially in Great Britain, and a systematic 

inventory of industrial monuments began. In 1973, the Ironbridge Museum was opened in 

Shropshire, today a very important reference for any industrial archaeologist. This was also 

the decade of the international expansion of industrial archaeology. The 1980s saw a 

refinement of the methods and techniques that are typical of industrial archaeology, and 

correspond, above all, to institutional recognition on the subject (Ramos 1990). As mentioned 

by Ramos,  

a cornerstone of archeological research, the 'field evidence' – from the factory to the 

workers' housing, from toponymy to mechanisms, passing through the analysis of the 

landscape or oral collection – provide us with a range of information that is often 

irreplaceable by that which is kept in the archives. We can consider that the material 

or physical remains that are of interest to industrial archeology are grouped into the 

following three blocks: 

Industrial real estate (factory buildings, workers' or employers' housing, but also 

roads and paths, bridges, railway stations and stops, ports, stations, pumping 

stations, etc.). 

Heavy industrial furniture (machines, engines, cranes, etc.). 

Light industrial furniture (devices, instruments, utensils, etc.)(Ramos 1990, 24-27). 

 

 

Figure 19 - Remaining industrial architecture on Gowanus Canal (author, 2022) 

2.4. Community/City Goals 
 

“The Gowanus: A Framework for a Sustainable, Inclusive, Mixed-use Neighborhood” is a 

report coordinated by the NYC’s DCP, developed through meetings with the local population 

of the neighborhood, with the aim of establishing objectives and strategies for the Gowanus 

Neighborhood, and to map the problems, vulnerabilities and community and local needs. 

These meetings took place between 2016 and 2018, totaling more than 100 hours of 

discussion. The strategies, resulting from analysis carried out with the community, were 

organized into seven categories: Sustainability and Resiliency, Environmental Remediation, 
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Community and Cultural Resources, Housing, Economic and Job Development, 

Transportation, and Land Use and Urban Form (NYC Planning 2018). The diagnoses 

achieved resulted in strategies that can overlap in different categories – housing solutions 

also solve potential problems in other aspects, such as community, culture, sustainability. 

Thus, it is common for topics to be repeated in the material studied. 

To better understand local problems, it is first necessary to understand the context in which 

the neighborhood has developed over time. The physical and industrial context has already 

been addressed in the previous topics, but here it is worth mentioning that the Gowanus 

neighborhood was established as an industrial district by the sea, where a channel was built 

that facilitated the transport of goods from industries. With the decline of industries, the 

neighborhood began to suffer from the emptying and the misuse of land. This was further 

aggravated by the environmental consequences of earlier periods of more intense industrial 

activities, such as pollution resulting from the industrial production and transportation, 

contamination of water bodies and flooding caused by sea level rise and storms. 

One of the main objectives of the study accomplished by NYC’s DCP was to develop plan 

for a sustainable and resilient community, which implies the ability to adapt to and face 

possible environmental problems that may affect the area in the future. Due to its being in 

the city’s lowlands, the Gowanus area is notably vulnerable to flooding in the event of natural 

phenomenon such as storms and hurricanes combined with sea level rise. In addition to sea 

level rise, the possibility of overflow from combined sewer systems needs to be considered. 

The framework presents some strategies to minimize the impact of these episodes, one of 

them being the creation of green infrastructure open spaces, with gardens, permeable 

pavements, and lawns, which allow the flow of water distributed through the Gowanus 

Neighborhood. This green infrastructure can be a park, a school yard, squares with 

vegetation, and it can also be part of housing developments. Thus, a large network can be 

created that collaborates to retain flood waters and/or minimize their consequences.  

In the following map (figure 20), adapted from NYC Open Data, we can see the flood 

potential of the Canal and the lack of open and permeable spaces overlapped. One can 

observe that there are very few green, open spaces around the neighborhood, and there is no 

green open space at all in the area studied in this thesis. Therefore, there is not only no 

retention and absorption, but also no outlets for storm or sewage waters drainage in case of 

emergency environmental situations. 
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Figure 20 - Floodplain areas + Green areas (adapted from NYC Open Data 2022b) 

It is also remarkable that in all the extension of the Gowanus Canal, there are only three green 

areas that are located on the waterfront: the Lowe's Esplanade, the Gowanus Waterfront Park, 

and the waterfront in the Whole Foods Market parking lot, as seen in the following 

photographs (Figure 21 and highlighted in yellow in Figure 22). 

 

 

Figure 21 – At left, Lowe's Esplanade (photo by Allison Cromwell, 2016). At center, Gowanus Waterfront (Google Earth 

2020). At right, waterfront in Whole Foods Market parking lot (Google Earth 2021) 
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Figure 22 - Waterfronts (yellow) + private lands with open access to the waterfronts + Parks (dark green) (adapted from 

NYC Open Data 2022b) 

The creation of open spaces also aligns with goals to address diagnoses brought by the local 

community. For instance, creating open spaces could address the shortage of open public 

spaces in the neighborhood, illustrated in the previous map (figure 22), and a concentration 

of vacant lots identified in the map of land use below. The lots shaded in gray are “urban 

voids”— surface parking lots or currently undeveloped, vacant lots. Thus, there is space 

available, which can be transformed into public space in which leisure, art and culture 

activities can be assured. To address aspirations articulated by the community in the 

Gowanus: A Framework for a Sustainable Inclusive, Mixed-use Neighborhood, this space 

must be freely used by the community and should not be linked to consumption, making it 

accessible to all classes, ensuring diversity in these spaces of social interaction. This diversity 

does not apply only to the creation of open spaces; it must also be considered in the planning 

of housing, allowing the units and their residents to meet various domestic configurations, in 

terms of customs, sizes and income. In the map below (figure 23), the orange blocks represent 

the New York City Housing Authority (NYCHA) blocks. In these blocks the residents have 

an average income per year considerably lower than in the remaining blocks of the 

neighborhood. The average income in the three NYCHA blocks located to the northeast of 

the Gowanus Canal is $30,078.00 and 38.2% of the population lives with an income below 

the poverty line, according to the data collected from the “City-Data” platform (City-

Data.com 2022). This income represents 1/3 of the average in the east side of the Canal, and 

1/5 compared to the west side. Additionally, demographic data reveals that the majority of 

the community in these blocks are Black or Hispanic people (City-Data.com 2022), which 

indicates the segregation and underprivileged position in which these members of the 
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community live. Also, as recognized in the map below, the NYCHA residents have little 

access to open and public space, and are located near the CSO point with the largest volume 

in the Canal (as previously observed in figure 12 – in the section 2.2). The analysis of these 

variables leads to the conclusion that it is necessary to adapt spaces in the neighborhood to 

serve the needs of the community as a whole, while taking precautions to not cause greater 

socioeconomic imbalance; and offer a better urban infrastructure to lessen the inequities and 

improve the quality of life of NYCHA residents. 

 

 

Figure 23 – Proposed Land use (yellow - housing / red - commercial / pink - industrial / orange NYCHA / dark green - 

parks / soft green - private lands with open access to the waterfronts) (adapted from NYC Planning 2022) 

Analysis of the map above (figure 23) also reveals that, in the zoning currently proposed by 

the city, most of the area immediately surrounding the Gowanus Canal is planned for 

industrial and manufacturing uses (solid purple areas in the zoning map below). This is a 

very important observation, since the floodplain areas presented previously (figure 20) 

clearly illustrates the risk to these lots in cases of flooding. Today, the zoning taking place in 

the area differ from the one planned by the city government (figure 24), lots supposed to be 

occupied by industrial use gives space to commerce, office and parking lots at most. It is 

notorious the use for parking facilities, some mixed residential and commercial or mixed 

commercial and office buildings, just as vacant or undefined uses. This fact presupposes the 

necessity of a review of the zoning of the Canal. 
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Figure 24 - Current Land Use (Purple – Industrial and Manufacturing / Soft Purple – Transportation and Utility / Brown 

– Vacant Land / Beige – Parking Facilities / Grey – Undefined / Pink – Commercial and Office Buildings / Orange – Mixed 

Residential and Commercial Buildings / Yellow – Residential) (adapted from GowanusByDesign.org 2022) 

 

The possible rezoning of the Canal was proposed in the study “The Gowanus: A Framework 

for a Sustainable, Inclusive, Mixed-use Neighborhood”. Although the area to be rezoned in 

the above study did not include the site this current thesis examines for a proposed 

intervention (maintaining it as an Industrial Business Zone - IBZ), the framework study 

presented some guidelines that should be taken into consideration when rethinking the city’s 

land uses and occupancies, particularly in the coastal area. 
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Figure 25 - Rezoning of the Gowanus Canal (Gowanus: A Framework for a Sustainable, Inclusive, Mixed-use 

Neighborhood 2018) 

In the map above (figure 25), we see the area immediately surrounding the Canal designated 

as a “Canal Corridor.” The proposal developed for these areas through communication 

between city government and the local population aims to “promote the creation of a vibrant, 
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accessible, resilient and diverse waterfront esplanade that celebrates the unique nature of the 

Canal and is flanked by a mix of uses that includes new permanently affordable housing as 

well as commercial, artist and maker space” (Gowanus: A Framework for a Sustainable, 

Inclusive, Mixed-use Neighborhood 2018, 82). Among the guidelines for the Canal Corridor, 

it articulates the necessity to adapt the area taking sea level rise and climate change into 

consideration as locally-specific vulnerability factors. The solutions presented in the 

framework recommended “strategic infrastructure improvements and implementation of 

standards for a resilient shoreline and flood-resilient buildings” (Gowanus: A Framework for 

a Sustainable, Inclusive, Mixed-use Neighborhood 2018, 82). 

Besides the Canal Corridor, the proposal recommends creating enhanced mixed-use areas 

that include affordable housing and parks. It also prioritizes non-residential uses that attend 

to the needs of the local community, such as supermarkets, art and leisure uses, and 

community facilities. Another recommendation is to allocate areas for industrial and 

commercial activities in order to strengthen the already existing light industry and 

commercial activities that can be a source of economic development and job generation. 

The following table (table 2) presents the nine topics approached in “The Gowanus: A 

Framework for a Sustainable, Inclusive, Mixed-use Neighborhood.” The “framework” 

column introduces the objectives for each one of the addressed topics resulting from the 

comprehensive investigation of the neighborhood in dialogue with the New York’s DCP and 

local community. The “data collected” column summarizes data collected from a set of 

sources in order to better understand the current conditions in the area; this data was essential 

for comparative analysis against to the set objectives proposed. 

 

TOPICS FRAMEWORK DATA COLLECTED 
 

 

 

 

 

SUSTAINABILITY 

AND RESILIENCE 

- Foster building efficiency and alternative 

energy; 

- Improve the capacity of infrastructure to 

meet increased demand;- Update 

regulations to reduce the risk of damage to 

homes and businesses in a floodplain; 

- Engage community members and 

organizations in a community emergency 

response planning process; (19-25) 

-  Only 3.1% of homes use solar energy, 

while gas and electricity use is 75% (CD.c); 

 

 

 

- The port location combined with sea level 

rise makes the GC a vulnerable area in case 

of environmental catastrophes such as 

storms and hurricanes; 

 

 

 

 

 

ENVIRONMENTAL 

REMEDIATION 

- Support and assist the EPA in its 

coordination of dredging and restoration 

of the GC under the Superfund program 

- Leverage redevelopment to provide 

brownfield remediation; 

- Use grey and green infrastructure to 

reduce local combined sewer overflows 

entering the canal; (27-29) 

- Along the canal, there are 12 CSO points, 

of which the point with the highest 

accumulated volume reaches 160 million 

gallons (GBD); 

- The projection of sea level rise indicates 

that between 2020 and 2100 the level will 

rise 65 inches (GBD); 

- The rise in sea level can cause flooding 

from the drainage system, due to the 

pressure of the return of water in the pipes; 

 

 

 

 

 

- Connect parks and public areas through 

an open space green network; 

- Identify historic interpretation and place-

making strategies to reflect Gowanus' rich 

history; 

- There are only three public green areas in 

the neighborhood: Thomas Greene 

Playground, the Gowanus Waterfront Park 

and the Whole Foods Market green area. 

They are not connected to each other; 
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COMMUNITY AND 

CULTURAL 

RESOURCES 

- Align zoning and land use to help 

facilitate efforts to preserve and adaptively 

reuse buildings; 

- Assess existing school capacity and 

identify opportunities to meet future 

needs; 

- Expand space opportunities for art and 

cultural uses and leverage new publicity 

accessible open space along the waterfront 

for programming; (31-37) 

 

 

 

 

 

 

HOUSING 

 

- Advance affordable housing 

development on publicly-owned land; 

- Educate tenants about their rights and 

available resources to prevent 

displacement; 

- Educate and engage residents on fair 

housing issues; (39-51) 

- Since 2014, 2,808 dwelling units were 

built in the neighborhood, a significant 

increase compared to 776 units constructed 

between 2000 and 2013 and averages of 

previous years (CD.c); 

- The vast majority of homes in the region 

(2,062 units) have estimated values above 

$1,000,000.00 (CD.c); 

- In buildings with the highest number of 

residences, most units are rented, not 

owner-occupied (CD.c); 

 

 

 

 

 

 

 

NYCHA 

 

- Support NYCHA residents and 

strengthen the Gowanus Houses, Wyckoff 

Gardens and Warren Street Houses 

NYCHA communities through better 

integrating them with the Gowanus 

neighborhood through improved physical, 

social and economic connections to other 

neighborhood resources; (53-57) 

- Five NYCHA blocks are located next to 

the GC: three on the NE of the GC and two 

on the west side. (GBD); 

- Transportation infrastructure is close to all 

dwellings (GBD); 

- The three NYCHA blocks located NE of 

the GC are close to the point of greatest risk 

of sewage overflow and in a vulnerable area 

in case of flooding (GBD); 

- Resident population in NYCHA blocks are 

predominantly black (51,5%) or Hispanic 

(43,4%) ¹ (CD.c); 

 

 

 

 

 

 

 

 

 

 

ECONOMIC AND 

JOB 

DEVELOPMENT 

 

- No new residential use in certain areas; 

- Right-size parking requirements and 

adjust loading regulations to allow more 

flexibility for business redevelopment and 

expansion; 

- Partner with community-based 

organizations to promote customized job 

training and apprenticeship programs; 

- Promote and incentivize non-residential 

uses in new mixed-use developments to 

enhance and complement the "Gowanus 

mix"; 

- Create a "contextual" "mid-density" 

building envelope in commercial and 

industrial areas, along with increases in 

allowable density; 

- Restrict self-storage facilities and hotels 

as part of a citywide effort to strengthen 

industrial areas; 

- Reinforce the IBZ as a center for 

industrial and other job-generating uses; 

(59-65) 

 

- The NYCHA resident population has the 

lowest average salary in the neighborhood, 

and they even have salary differences 

between them. The average income per 

household/year in the NYCHA campuses is 

$30,078. Meanwhile, along the east of the 

GC, the average income is $98,661 and, in 

the west, $151,578 ² (CD.c); 

-The NYCHA blocks have the highest rates 

of the population living with income below 

the poverty line (38,2%) ³ (CD.c); 

- The unemployment rate presents different 

values in different regions of the 

neighborhood. In the blocks where the 

NYCHA is located, the unemployment rate 

is higher, reaching 15.9% in two of the 

NYCHA blocks. East of the Canal rates 

varies between 9% and 12%. On the west 

side of the channel, rates are lower, between 

1.76% and 4.62% (2000-2020) (CD.c); 

 

 

 

- Identify appropriate uses and densities to 

catalyze job growth, especially for nearby 

residents; 

- The GC industries are predominantly 

manufacturing and construction; 
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INDUSTRIAL 

BUSINESS ZONE 

 

- Consider how zoning can be more 

aligned to support business expansion and 

meet the demand for job-intensive space; 

- Increase access to employment by 

enhancing connections between residents 

and jobs/training opportunities; 

- Develop priority investments that serve 

businesses, including transportation, 

flooding and resiliency, broadband 

service, and other city-based programs; 

(67-71) 

 

-  See unemployment statistics immediately 

above. 

 

 

 

 

 

 

 

 

 

 

 

TRANSPORTATION 

 

- Improve pedestrian safety and access; 

- Enhance pedestrian connectivity on 

Nevins Street between Thomas Greene 

Playground and future open space at the 

CSO facility site; 

- Enhance mobility for roadway users and 

connectivity; 

- Improve access to public transit; (73-78) 

- 60.9% of the neighborhood population 

commute to work by subway; 25.5% travels 

by carpool (CD.c); 

- Other less used means of transport are by 

car, motorcycle, bicycle, long-distance 

train, taxi, on foot (CD.c); 

- 69.58% of the population takes more than 

30 minutes on the way to work (CD.c); 

- 7 subway stations serve the neighborhood, 

with one located on the canal waterfront and 

two close to the NYCHA Campuses (GBD); 

- Subway lines:  G, I, D, N-R (ZP); 

- The Gowanus Neighborhood is served by 

approximately 37 bus stops within its 

boundaries, which are also marked by the 

busiest avenues: 4th avenue, 3rd avenue, 

9th street, Smith St, Wyckoff St (GBD); 

- The neighborhood is well served with 

infrastructure for bicycle routes (GBD); 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

LAND USE AND URBAN 
FORM 

- The developed land use framework was 

based on communication with the 

community and addressed three 

approaches: 

- Industrial and Commercial Zone: Areas 

that strengthen existing clusters of light 

industrial and commercial activity and 

promote new, job-generating uses, 

including industrial, arts, and cultural 

uses; 

- Enhanced Mixed-Use Zone: Areas that 

encourage and reinforce a vibrant, live-

work neighborhood by balancing 

preserving neighborhood scale and 

encouraging growth that promotes a mix 

of uses and allows for improvements to 

the public realm and local services while 

affirming the qualities that make the 

neighborhood distinct; 

- Canal Corridor Zone: Promote the 

creation of a vibrant, accessible, resilient, 

and diverse waterfront esplanade that 

celebrates the unique nature of the Canal 

and is flanked by a mix of uses that 

includes new permanently affordable 

housing as well as a commercial, artist, 

and maker space; (79-83) 

- Residential density is diverse throughout 

the neighborhood. Areas of greater use for 

industry and commerce have much lower 

residential density, although it is not 

nonexistent; as use diversifies, density of 

residences increases, reaching its apex in 

NYCHA blocks; The highest density 

NYCHA has 558 units/sq. mile (CD.c); 

- The GC’s immediate surroundings are 

mainly composed of Industry and 

Manufactory, parking lots, commercial and 

office buildings, and some vacant or 

undefined use lots (GBD); 

- The Canal waterfront has only three 

designed public areas: Gowanus Waterfront 

Park, Lowe's Esplanade and the green area 

in the Whole Foods Market parking lot; 

- Only three bridges cross the canal — one 

in the middle and another in the upper part 

of the channel where use is more diversified 

and closer to residential areas; 

- Along the Canal, the buildings are 

predominantly of low scale, and increase as 

one moves away from the Canal; 

- Due to the local history, many buildings 

have industrial typology and identity, in 

terms of volume, materials, and 

occupations. Many have been maintained 

and adapted for other uses, which helps 

maintain the place's identity. On the other 
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hand, new developments merely reproduce 

the aesthetic of local history to artificially 

contextualize new buildings. 

 

NOTES FROM SOURCE DOCUMENTS 

 

1- The rate of black and Hispanic residents in the NYCHA blocks were calculated from data taken from the 

City-data.com platform. The results represent the three blocks located northeast of the Canal, through the 

sum of the populations and the corresponding percentage rate. 

2- The average income per household for the NYCHA blocks was obtained by averaging each of the three 

NYCHA blocks northeast of the Canal, extracted from the City-data.com platform. The average incomes east 

and west of the CG were obtained by calculating the averages of the surrounding and immediate blocks to 

the Canal as a basis for comparing income inequality. 

3- The percentage of residents earning below the poverty line in the NYCHA blocks was calculated from data 

pulled from the city-data.com platform. The results correspond to the three blocks located northeast of the 

Canal, through the average of the percentage rates indicated in each block. 

 

ABBREVIATIONS 

 

CD.c – City-data.com 

CSO – Combined Sewer Overflow 

EPA – Environmental Protection Agency 

GBD – Gowanus by Design 

GC – Gowanus Canal 

IBZ – Industrial Business Zone 

NYCHA – New York City Housing Authority 

ZP – Zola.planning.nyc.gov 

 

Table 2 - Gowanus Framework - Objectives established within the community and Data Collected. Summarized by the 

author, 2022. 
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3. CASE STUDIES 

3.1. Interventions in Sites with Industrial Characteristics 
 

3.1.1. SESC Pompeia 
 

While Lina Bo Bardi had an extensive architectural and theoretical repertoire, this study will 

focus on a specific point that supports the project developed in this thesis. Her perspectives 

on historic/industrial sites, the city, and how interventions can affect the lives of those who 

live in it will add to the understanding of different possible approaches to the studied site. 

For a brief overview, Bo Bardi was born in Rome, Italy, where she studied architecture, 

graduating in 1939. Living and studying in Rome contributed to her appreciation of the 

historical layers of the city that remain legible even today. At the same time, Bo Bardi was 

highly influenced by the Modernism. Rejecting the rising fascism that controlled Rome at 

that time, she moved to Milan where she hoped to practice architecture with greater liberty. 

At the outbreak of the Second World War, Bo Bardi concentrated her energy on theorical 

studies, collecting approaches to support her design process. After the war, Bo Bardi and her 

husband went to Brazil, invited by Assis Chateaubriand to direct what would become the 

MASP (Museu de Arte de São Paulo – Museum of Art of São Paulo). Delighted by the 

country, its cultural and warm environment, they decided to stay. In Brazil, she continued to 

develop her theoretical writing in parallel with her practice. 

Of primary interest for this research is Bo Bardi’s approach to the SESC Pompeia project 

(1976-1986) commissioned by the directors of SESC at the time. This commission concerned 

the reformulation of an industrial complex situated in an industrial working-class 

neighborhood that would welcome cultural activities. 
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Figure 26 - SESC Pompeia. Located in São Paulo, SP, Brazil (adapted from Google Earth, 2022) 

The industrial warehouses constituting the site that would become the SESC Pompeia 

originally housed a drum factory. In the 1970s, this complex already hosted various cultural 

and sports activities in an improvised manner. That place already had life infiltrating the 

industrial sheds, as sports games and games of children, in festivities, and in theater 

workshops. Lina Bo Bardi saw this space as a place full of latent potential. There was no 

need to invent a program that would give purpose to the site. Rather the work entailed 

recognizing the existing identity that would benefit from an infrastructure to enhance what 

the complex already offered society. In one of her visits to the site, Bo Bardi stated: 

The second time I was there, on a Saturday, the atmosphere was different: no longer 

the elegant and solitary “hennebiquean” structure, but a happy audience of children, 

mothers, fathers, elders, passing from one pavilion to another. Children ran, young 

people played football under the rain that fell from the cracked roofs, laughing as the 

ball kicked into the water. (…) I thought: this must all continue like this, with all this 

joy (Lina Bo Bardi: um olhar voltado ao patrimônio, undated). 
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Figure 27 - At left, complex of warehouses in the 1940s where SESC Pompeia is now located (Ferraz 2008) 

Thus, Bo Bardi began to develop the SESC-Pompeia project with the intention to maintain 

that space of social integration while also maintaining the industrial warehouses integral to 

the history and identity of the people that lived in the neighborhood and frequented the 

complex. These people were former factory workers. The space primarily used for their labor 

began providing leisure and moments of rest and joy for the families. 

Lina Bo Bardi looked at the context of the Pompeia neighborhood with extreme care. In no 

way did she intend to generate an architecture that would break with the identity of that 

already rich environment of daily life. She intended to collaborate with it, to maximize what 

already existed there. In order to resignify the place, Bo Bardi kept the industrial sheds of the 

complex, maintaining their inherent characteristics as ample and open spaces that could be 

used in an improvised way, acknowledging the requests of society as necessary. As 

architectural historian Lutero Almeida has observed,   

Lina Bo Bardi has always been outside the architectural fetishization movements; her 

vision of architecture and urbanism advocates an unlimited architecture, a space full 

of folds that is beyond a simple territorial delimitation, and at the same time is 

sensitive to these territories beyond the capitalist activity. Her interventions have 

always sought to enhance the spaces, channeling peculiarities/sensitive potentialities 

of the place, in favor of the project. Yes, there is delimitation, as in any project, but 

the design allows flexibility by linking users' participation (Almeida 2011, 124). 

 

The three volumes inserted into and that complete the complex were designed to support the 

factory language present in the place. The pure, concrete, and robust forms, connected by 

walkways that refer to easy conveyance and entry of goods in a factory, make the sense of 

industrial experience more perceptible to those who attend the leisure center. The 

homogeneity of the old warehouses was broken by the scale of the new construction, but this 

contributed to affirming the industrial identity of the surroundings. 
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Figure 28 - At left, the three new structures designed by Lina Bo Bardi (Miranda 2016). At right, interior of an industrial 

warehouse occupied by cultural activities (Paixão, undated) 

In Bo Bardi’s project, cars were banned so that the alley between the sheds was preserved as 

a pedestrian space. The street was and is a fundamental element of life and was intended only 

for people. The spaces were and still are collective in their entirety; everything converges in 

social interaction, regardless of the societal differences inherent in large metropolises, and 

which is by no means an exception in São Paulo. 

Lina intends to create a work whose materiality is composed of a collective, from 

labor to uses, like a citadel, a place whose borders resemble a small town with 

movements and drifts between pavilions. SESC is an important example to report 

another way of using time, as it is not thought of as a whole block. It is made of 

cutouts and pavilions with different functions distributed along a cobblestone street 

full of cheerful, colorful symbolism. It is a large gutter lined with pebbles for water 

to run off, but which serve as a seat clay bricks, colored plates (Almeida 2011, 118). 

This attitude towards the site of intervention can also be observed in other projects by the 

Italian-Brazilian architect, such as her projects titled Solar do Unhão (1959) and Ladeira da 

Misericórdia (1987), both located in Salvador. Bo Bardi had an extreme care and respect for 

the local and local history and culture. Her work was not concerned with the pure 

conservation of the site, but rather the preservation of the memory that allowed the 

community to feel a sense of belonging, to be(come) familiar with its own past, creating a 

sense of identification with the place. 
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3.1.2. Domino Sugar Refinery 
 

The industrial area of the Domino Sugar Refinery, in the Williamsburg section of Brooklyn, 

NYC, shares industrial architecture typological conditions similar to those found on the 

Gowanus Canal. The following analysis focuses on understanding the area's historical, social, 

and economic context, and how the recent masterplan for local redevelopment, from 2013, 

has impacted the local community.  

 

Figure 29 - Masterplan for the Domino Sugar Refinery Area. Located in Williamsburg, New York City, USA (adapted from 

Google Earth, 2022) 

In the 19th century, Williamsburg became a neighborhood of great industrial potential, 

mainly because of its location along the East River, which facilitated the arrival of raw 

materials and shipping of industrial goods. In addition, the construction of rail lines and an 

urban grid, which took place earlier in the same century, allowed public rail transit between 

Manhattan and Williamsburg, attracting more people to the community. Soon, the region 

began to become a large industrial area, with the opening of the Domino Sugar Refinery in 

1856 as a boom for this activity in the area. This and other factories were responsible for 

luring the working-class population to the neighborhood, including a large number of 

European and Hispanic immigrants who arrived in the country in search of a new life; they 

saw in the production labor an income opportunity. 

At the end of the 20th century, with the decline of industrial activity in this and other port 

districts of New York City, factories began to close and the local population began to lose 

their jobs. This chapter came to an end with the closing of the Domino Sugar Refinery in 

2004. The factory was responsible for significant production and associated local 

employment. With its closure, an even greater portion of the population lost their jobs 

(Eisenberg, Miljak, and Yammer 2015). 
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The Domino Sugar Refinery area, as well as other local manufacturing sites in Williamsburg, 

were purchased by real estate investors during the past three decades, and are currently 

undergoing redevelopment projects, changing the local landscape and paving the way for 

gentrification caused by the way new investments are implemented. The master plan for the 

Domino Sugar area developed by SHoP Architects is the most prominent and is currently in 

progress. 

The developers' plan aims to reconnect the industrial area with Brooklyn's waterfront through 

open public space and, by extending the urban grid, connects this with the existing 

neighborhood. In these 52.3 acres area, 5 mixed-use towers will be constructed—creative 

office spaces, market-rate and affordable housing, neighborhood retail, and community 

facilities—as described by the planners according to the content presented in the SHoP 

website (SHoP Architects 2013). 

 

Figure 30 - At left, Brooklyn's Sweet Ruin: Relics and Stories of the Domino Sugar Refinery (Cogley 2018). At right, the 

Domino Sugar Redevelopment (simulation by SHoP Architects 2013) 

Since the complex's central building exterior received landmark status in 2007, the 

contemporary proposal will be an adaptive reuse (Poole 2022). This landmark status assures 

that at least part of the local architecture identity is preserved; the classification prevents the 

outright demolition of the central refinery building that will be converted into offices. 

However, the other industrial buildings in the complex, such as the side tower where the 

Domino Sugar factory sign was fixed, did not receive the same protection; it was demolished. 

The iconic sign had a great visual impact, and for many, it represented the identity of the 

place and the history of the community that lives in the neighborhood. After local community 

complaints, it was decided that the sign will be re-installed as part of the central building 

(Chambers 2016). 

The towers designed for the area are luxury buildings, with high-cost apartments, which 

attract a higher-income population attracted to the redesign of the area, the waterfront view 

and the materialization of glamourous buildings in an industrial context – the result of urban 

“revitalization” that has been taking place in Brooklyn. 

The reservation of the number of affordable housing units for the complex was made through 

an agreement with community leaders, mediated by the local municipality, to appease 

opposition to the Domino Refinery redevelopment. However, the location intended for 
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affordable housing takes place in less privileged positions. Furthermore, it was the only 

policy presented to guarantee some right of access to the local population (Bagli 2010). 

There are still other impacts caused by the master plan that must be considered. The high 

density of the projected towers will likely further congest urban traffic and overload an 

already overcrowded subway line. The inevitable gentrification will displace the local 

population; simultaneously, the existing community's identity will be dismantled. This is the 

concern most manifested by the local community that has seen the gentrification process 

unfold since the 1990’s, beginning with the rise in the market-rate rent prices to the 

construction of high-density luxury buildings, the demolition of historical structures, and the 

change in demographics related to purchasing power. These points are explored in the 

documentary “The Domino Effect,” by Megan Sperry, Daniel Phelps and Brian Paul (Hill et 

al. 2012), in the website “The Faces of Gentrification” (Gentrification in Williamsburg, 

Brooklyn), and in the testimony of local community (Eisenberg, Miljak, and Yammer 2015). 
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Figure 31 – Above, General diagrams of the mass studies for the new buildings at the Domino Sugar Refinery site (Jindal 

2016). Central and below, political cartoon (Eisenberg, Miljak, and Yammer 2015). 

 

3.1.3. Program: the divergences between SESC Pompeia and Domino 

Sugar Refinery 
 

The analyzed case studies present two distinct ways of approaching the architecture program 

within the context of a neighborhood with a strong industrial identity and in relation to its 

urban surroundings. At SESC Pompeia, Bo Bardi recognized the community as an already 

very important factor existing in the old factory sheds, as potential to develop the space so 
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that this community could continue to use it for their leisure activities. Therefore, Bo Bardi 

maintained the large sheds, with an open and flexible floor plan, to meet most of the activities 

proposed in the architectural program. As seen in the figure 32, the existing sheds, marked 

in orange, represent the largest portion of the program, covering uses of studios for artisanal 

and artistic activities, large meeting and dining areas, industrial kitchen, and areas for 

employees, among others. 

 

Figure 32 - General Plan and program of SESC Pompeia by Lina Bo Bardi (adapted from Fracalossi 2013) 

 

The other buildings, designed by Bo Bardi, in a modern language and contrasting with the 

existing sheds, also met the needs of the population: the two larger volumes dedicated to 

sports activities and food and the cylindrical volume destined to be the complex's water 

tower, represented in blue in the figure 32. Thus, Bo Bardi designs these new buildings, 

which fulfill their aesthetic function while recognizing the local identity, creating affinities 

and contrasts with the industrial history of the complex and the neighborhood, but above all, 

they serve primarily the social function of meeting the needs of the community. The entire 

SESC project was conceived to preserve and create places for the population of the industrial 
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district, never losing sight of the purpose of offering the community activities that would 

meet their needs. As stated by Bardi’s associate, Marcelo Ferraz, 

Everything is there to fulfil its role as an element in a centre for leisure. No one takes 

notes, no one rationalizes – nor is it necessary to do so – but everyone feels through 

their five senses the presence of the factory in the architectural solutions. Everyone 

feels the respect for the history of human labor, which permeated every design 

decision (Ferraz undated). 

On the other hand, the masterplan developed for the deactivated Domino’s Sugar Refinery 

area does not contain the same concerns with the community and urban environment in the 

definition of the architectural program. The redevelopment project for the area presents 

public spaces for the population, especially on the waterfront, such as a linear park with 

squares, sports courts, water-related activities, lounges, among other activities. These are 

divided into areas for active recreation, water plaza and passive recreation (figure 33). The 

waterfront is also an strategy to manage flood events, as it is a large permeable area that 

slows down the advance of water over the city. Concerning the local identity, the project 

preserves only the facade of the old factory's central building, considered a landmark by the 

NYC government (as mentioned in the item 3.1.2 above). The proposal projects a 

contemporary intervention on the top of the building and readapts its use into an office 

building. The other buildings of the old complex were demolished. The masterplan presents 

four new buildings that will provide space for offices or housing. There is also space reserved 

for small retail activities in the architectural program. 
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Figure 33 - Program of the Masterplan for the Domino Sugar Refinery Area (Jindal 2016) 

Even though the redevelopment has presented responses to concerns about public space for 

the city, a strategic waterfront as a resilient urban place responding to flood and climate 

events, and the reservation of affordable housing in residential towers, the local community 

has raised several points about the masterplan’s impact on the context of the neighborhood. 

In regard to housing, 30% of the projected units are intended as affordable housing. This 

reserve was guaranteed under negotiations between community leaders and local 

municipality. However, these units are located in the less privileged positions of the plan. In 

addition, the remaining 70% of the apartments, privileged in location, will be market-rate, 

which indicates a great price increase of these residences. This makes these units accessible 

only to a population with higher purchasing power, which tends to contrast with the 

surroundings of the neighborhood. This leads to the inevitable gentrification of the area, since 

the population that now lives around the old factory may not be able to remain in a 

neighborhood where the cost of living is very high due to the new development. In this sense, 

the program, despite considering the public use, needs and leisure, does not attend to the 

community that currently resides there, but for the new community that will migrate to the 

new redeveloped center in Williamsburg. 
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There is, then, a contrast when analyzing the two projects presented above. Both have 

positive characteristics as projects, and propose a program that aims to serve the surrounding 

community. However, the great divergence between them is determined by who may take 

advantage of this program. At SESC Pompeia, the community assisted is the population of 

the Pompeia neighborhood at the time — former factory workers in that place. Therefore, the 

leisure center is integrated into its surroundings and offers services that aid the local 

community. On the other hand, the masterplan for the Domino Sugar Refinery area serves 

the future community, which will emerge from the consumption motivated by the 

implementation of the project in the neighborhood. This masterplan of the area will bring 

also commerce and services with higher prices that will attend the new residents and workers, 

just as people from other areas attracted to the place, motivating paid activities in the 

waterfront. 

By applying the above conclusions to the data collected previously, it becomes possible to 

establish priorities to be considered in the conceptual strategy of a parametric solution for the 

Gowanus Canal neighborhood. Among these priorities, the above analysis results in a 

prioritization of the needs of the local community, in this case the Gowanus Canal. In the 

solution proposed by this work, there is no intention of planning a redevelopment with the 

aim of selling homes and consumption by a new population with a greater purchasing power, 

but integrate the neighborhood with a space that will attend the current population in a way 

that could contribute to enhancing the capacity of production by the community. For this, the 

main purpose is to offer the area, which lacks appropriate infrastructure and urban policies, 

urban design strategies so that they can improve the quality of life within a more resilient 

urban environment when dealing with floods, since these events can cause a great impact in 

the lives within the community. These resilient places respond promptly to inevitable floods, 

due to natural events such as sea level rise and storms, and which today present large risks to 

the population due to the lack of proper urban infrastructure. 

 

3.2. Parametric Analysis 

3.2.1. “An integrated urban planning and simulation method to 

enforce spatial resilience towards flooding hazards” 
 

This case study (Morschek, Schneider, and Koenig 2019), titled “An integrated urban 

planning and simulation method to enforce spatial resilience towards flooding hazards,” 

presents parametric analysis strategies conducted through the plug-in named Spatial 

Resilience Toolbox – Flooding (abbreviated as SRTF) to integrate factors related to flooding 

into the urban planning process. This so-called “Toolbox” enables stakeholders to assess 

risks, evaluate designs and identify possible flood mitigation approaches within the planning 

software environment of Rhinoceros 3D and Grasshopper. 
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One of the analysis possibilities of the plugin consists in rain runoff simulation. This is 

conducted with the help of the interactive physics/constraint solver, Kangaroo for 

Grasshopper. The Toolbox can represent a rainfall event by equipping particles with a certain 

mass and gravitation force. During the simulation, the particles are attracted by the external 

gravitational force, which results in runoff. Thereby, the particles search for ways downwards 

comparable to rain runoff, behaving as spherules, running off the 3D geometry (figure 34). 

 

Figure 34 - Using the rain-runoff simulation to compare different spatial configurations according to its behavior during 

rainfall. (Morschek, Schneider, and Koenig 2019) 

The next step the authors present consists of the flood risk assessment of the rain runoff. This 

is conducted based on the location of each particle after the simulation in a "pre-built" 

context. The Toolbox counts the number of particles that are in a specific range within each 

building. 

 

Figure 35 - Comparing two proposals from the case study according to the rain-runoff inundation risk after 3000 iterations. 

Red buildings are considered flooded. (Morschek, Schneider, and Koenig 2019) 
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Figure 36 - Comparing two proposals from the case study according to the rain-runoff erosion risk after 3000 iterations. 

Red flow paths mark areas that are likely to face erosion. (Morschek, Schneider, and Koenig 2019) 

The darker the tone, the higher is the risk of inundation for a specific home. Furthermore, 

there is a legend in the viewport that indicates the number of housing units and street 

segments affected by flooding (figure 35 and figure 36, bottom left). Based upon the outcome 

of the rain runoff simulation, one can then conduct the rain runoff erosion risk evaluation 

(figure 36). 

Another simulation capacity of the Toolbox is tidal and river flooding simulation. This 

process illustrates and evaluates the impact of different water levels in the study area. The 

plane is considered as the water-level surface of a river, lake or the sea. To measure the 

inundation, this water-level plane is moved from a given altitude up to a predetermined 

(forecasted) value. To extract precise information about which part of the topographic 

geometry is flooded, the Toolbox calculates the intersection between the plane and the 

surroundings (figure 37). 

 

Figure 37 - Using the tidal & river flooding simulation to compare three different water levels for a river flooding scenario. 

(Morschek, Schneider, and Koenig 2019) 

To illustrate the simulation and evaluation of flood risks through the Toolbox, a cluster of 

houses and a street network are represented in figure 37. The legend (figure 38, bottom left) 

provides details about the number of affected buildings and street segments. When the water 

level reaches the top of a platform of a building, it is marked with a red color. The Toolbox 

applies a darker tone of red according to the depth of water.  

For this case study, the value is set to balance imprecisions and to match the threshold of 

lasting damages. The same methodology for assessing the risk applies to the city network. 

Hereby the lowest point of the street segment is evaluated. When the water reaches it, it is 

marked with a red color in the same manner as the risk assessment for the buildings. The last 
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part of the evaluation phase is called the “mean risk assessment” (figure 39). It is related to 

the tidal and river flooding simulation and gives an understanding of the risk distribution in 

the area. Whereas the prior evaluation is useful for evaluating the site for specific water 

levels, the mean risk assessment shows the risk of all scenarios combined (Morschek, 

Schneider, and Koenig 2019). 

 

Figure 38 - Comparing two proposals from the case study according to the tidal & river flooding simulation for a level of 

water of 8 m. Red buildings are considered flooded. (Morschek, Schneider, and Koenig 2019) 

 

Figure 39 - Evaluating the mean risk of two proposals from the case study according to the tidal & river flooding simulation. 

The color gradient reaches from red (high risk) to grey (low risk). (Morschek, Schneider, and Koenig 2019) 

3.2.2. Flood Risk Mitigation in Urban Planning 
 

The main goal of the research titled “A Computational Approach to Integrating Non-

Structural Flood Risk Mitigation Strategies into the Urban Planning Process” (Mohammed 

2021a) is to investigate the role of urban planning and flood risk reduction through a 

computational model. 
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Figure 40 - Interdisciplinary Research Scheme. (Mohammed 2021a) 

Gheyath’s intention is to work with parametric analysis in urban areas susceptible to 

flooding risk. The core of this research is based on developing an integrated 

computational model to help urban planners integrate stormwater runoff evaluation into 

their early decision-making process. 

The model consists of a step-by-step framework with multiple components which aims 

to minimize stormwater runoff and maximize infiltration rates. 

 

Figure 41 - Components of Computational Model Framework. (Mohammed 2021a) 
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Firstly, that model simulates a rainwater flow direction network onto which it evaluates 

different street network layouts for terrain slope alignment. The goal is to identify street 

layouts with higher slope alignment values since such layouts allow for better planning 

of drainage networks and water distribution. This is shown by mapping the color values 

of these segments, so the redder the segments, the higher the slope alignment for the street 

layout (figures 43 and 44). 

 

Figure 42 - At left, Street network segment growth angle – GA1. At right, Street network segment growth angle – GA10 

(Mohammed 2021a) 

 

Figure 43 - At left, street network alignment with rainwater flow direction – GA1. At right, street network alignment with 

rainwater flow direction – G10 (Mohammed 2021a) 
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Figure 44 - At left, street segment alignment graph – GA0. At right, street segment alignment graph – GA10 (Mohammed 

2021a) 

The next step of the simulation consists of the run-off volume and infiltration values 

calculated for each street block. This is done by integrating a specific calculation method 

called the curve number method, which includes multiple interrelated factors such as each 

block’s area s-slope coefficient, run-off and rainfall depths, and most importantly, a square 

number value which varies depending on its assigned land use and soil group (figure 46). 

 

Figure 45 – At left, block segment count for rainwater flow direction network. At right, runoff volume and cumulative 

infiltration calculation map (Mohammed 2021a) 
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Figure 46 – Curve number method (Mohammed 2021a) 

The curve number method mentioned above makes it possible to compare the impact of 

different land use strategies on run-off volume reduction. In Figure 47, for example, on 

the left it is possible to see a common method for distributing land uses according to street 

hierarchy; the diagram on the right shows the same percentage of land use types but re-

distributed according to the block's curve number values. 

 

 

Figure 47 – At left, land use distribution based on street hierarchy. At right, land use distribution based in CN values and 

catchment potential (Mohammed 2021a) 
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The distribution on the right (figure 48) resulted in a 20% decrease in total run-off volume 

compared to that of the street hierarchy distribution. 

 

Figure 48 – At left, runoff volume and cumulative infiltration map. At right, runoff volume and cumulative infiltration map 

(Mohammed 2021a) 

Continuing to work with this same street layout resulting from the first model, the next 

step in simulation and optimization consists in a reduction of runoff volume, which can 

be achieved by allocating several water-infiltration design strategies such as planters and 

green roofs within the urban blocks. 

 

Figure 49 – Infiltration tools allocation (Mohammed 2021a) 
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Figure 50 – Research results (Mohammed 2021a) 

 

Both case studies—Flood Risk Mitigation in Urban Planning and An integrated urban 

planning and simulation method to enforce spatial resilience towards flooding hazards—

were essential to understanding the use of parametric tools in the process of analyzing areas 

susceptible to flooding. However, the analysis revealed that a fundamental limitation of both 

studies is that neither currently incorporates social and qualitative data in the parametric 

process. Therefore, this research employed the methods tested by the authors as a starting 

point in the testing process. On the foundation of the already novel methods developed in the 

two case studies this research explored a greater level of complexity, adding qualitative data 

for developing community-informed and historically sensitive, as well as flood resilient, 

urban zoning for the Gowanus Canal. 
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4. PARAMETRIC MODELING – COMPUTATIONAL MODEL 

FRAMEWORK 
 

For the analysis and integration into a parametric model of the three urban data types 

articulated in prior sections—flood risk mitigation strategies, translation of socioeconomic 

priorities, and industrial heritage in the Gowanus Canal area — the Rhinoceros software and 

Grasshopper plug-in will primarily be used. 

For the acquisition of the data discussed above, a list of variables was created under the title 

"Subject." Next, the sources of information from which the data were extracted were 

determined. This list is called "Source of Data" and identifies 4 main sources, namely 

Gowanus by Design, Sealevelrise.org, NY City Data and NYC Open Data. Some additional 

digital platforms will be used to inform the research with more accurate data. These 

additional platforms will work as code translators so that Rhino/Grasshopper can function 

correctly (figure 51). 

 

 

Figure 51 - Source diagram of the information needed for modeling and translation phases for the parameterization 

programs Rhino and Grasshopper. 
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4.1. Data Collection and Digital Translation between Software 

Platforms 
 

To start working with the digital tools, it is necessary first to delimit an area around the Canal 

for data collection. To delimit the data collection area for this study, with corresponding 

physical and demographic information, the most appropriate approach was to use the 

predetermined zone established by the city of New York, in this case, the BK6 area, as shown 

in figure 52. 

 

Figure 52 - NYC Borough, Base and Administrative District Maps. NYC 3D Model by Community District. (Planning 2022) 
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Through publicly available Borough of Brooklyn zoning fines, it was possible to extract 

multiple layers of information about the Gowanus Canal (BK6) region, such as lot lines, 

building footprint and open spaces. As a second source, NYC Open Data was fundamental 

for data collection through Shapefiles, which were imported into QGis and later translated in 

Grasshopper. 

 

 

Figure 53 - Example of digital translation of data collected from NYC Data in Shapefile format to be analyzed in QGIS and 

post application in Rhino/Grasshopper. 
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To exemplify the types of data extracted from the shapefile formatted by NYC Data, figure 

53 shows the overlapping of topographic lines, street axes, shorelines, block boundaries, the 

perimeter of buildings within lots, and projections of rising sea levels for the next 8 decades. 

These distinct types of information were added individually and their orders were prioritized 

by the author. 

For more precise terrain modeling of the Gowanus Canal region, satellite images with DEM 

(Digital Elevation Model) information from the United States Geological Survey (USGS) 

were used. These images were imported into Rhino, and the topography was generated 

through the Docofossor plugin in Grasshopper (figure 54). 

 

Figure 54 - Digital Elevation Model (DEM) of the Gowanus Canal region extracted from the USGS and imported into 

Rhino through the Docofossor plugin. Altimetric scale multiplied 10x for better visualization. 

 

OpenStreetMap was also an important source of information for conceptualizing data types 

to bring into the computational model of the Gowanus Canal. This tool allows a community 

of mappers to contribute and maintain data about roads, trails, cafes, railway stations, and 

much more, all over the world (OpenStreetMap.org 2022). OpenStreetMap’s crowd-sourcing 

allowed generating data focused on human behavioral nuances in the neighborhood and this 

fed into the Urbano plugin, as shown in figures 55. 
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Figure 55 - Complexity diagram of layers imported from OSM (OpenStreetMap) in two dimensions. On the left, it is possible 

to read the features used in this phase. They are: Building; Amenity; Street; Waterway; Sport 

To focus the data collection more narrowly on the Canal area, four geographic coordinates 

were established: -74.0079; -73.9675; 40.6875; 40.6701. These coordinates delimited a 

rectangle of action for storing information within the software. After extracting all relevant 

OSM information for analysis and generative modeling of an urban intervention in the 

Gowanus Canal, the data were loaded into a single digital model in Rhinoceros without any 

optimization (figure 55) for the purpose only of visualization in two and three dimensions. 

This initial decision was made to gain a general understanding of the challenges of working 

in a large and complex area and to understand more about appropriately managing an 

excessive amount of information. 

4.2. Organization of layers for initial studies 
 

For the analysis of the selected area, different Grasshopper plugins were tested to understand 

which would be most suitable for the approach of this research and its complexity, such as 

streets with different dimensions (some of which are very well established and others not), 

the waterbody, vacant lots, parking lots, historic buildings, elevated roads and subway 

infrastructure, commercial axis, industry, among others. 

 

 

 

 

 



70 

 

PLUGIN FUNCTION 

Urbano 1. Download maps and points-of-interest data from 

OpenStreetMaps directly in Grasshopper; 

2. Parse and import layers of existing state information 

easily from OSM or shapefiles; 

3.  Compute various metrics in urban analysis 

including Streetscore, Amenityscore and Walkscore; 

4. Find routes between origin and destination buildings 

using different transit modes such as pedestrian or 

car. 

Elk 2 1. Place the Topography- and the OSM data (element) 

tool; 

2.  Organize street elements in different layers, such 

as; buildings, highways, roads, etc... 

Docofossor 1. Parametric transformations of a digital terrain 

model by point, path, area or surface on a digital 

terrain model (DTM)/ 
Table 3 - Table with the names of Grasshopper plugins used in this research phase. The information is extracted from the 

plugin developers themselves and that are in accordance with what was done in the project. 

After translating the above types of information necessary for modeling and initial parametric 

studies (Table 3), the data were organized hierarchically through layers, one for each map 

type (Figure 56). Google Earth was also an essential tool for analyzing the study area. Due 

to the variety of topics covered in this research — water and flood risks, community needs, 

and industrial historical heritage (listed or not), it was observed that the analysis through 

Google Earth would speed up the comparison process since this tool makes it possible to 

check information through plans, perspectives, street view and even in 3D. Thus, maps in 

perspectives were exported by Google Earth, as in the example of images 1 (Natural) and 2 

(Social/Economics/Zoning) in Figure 56. At this stage, it became clear that the complexity 

of the Gowanus Canal region requires a detailed analysis that overlaps with the analysis 

exclusively generated by parametric software and that Google Earth, for example, allowed 

comparison and the generation of more accurate maps. 

In the next map (figure 56), the information was separated into two categories. First, the data 

related to the natural and climatic characteristics of the region were superimposed. Next, 

Social, Economic, and Legislative data, such as Zoning and Race Key, were overlayed. 

The diagrams and table below (Figures 56 and 57) show the analyzed items and the initial 

conclusions of this comparison, which serves as a basis for the advancement of the research. 
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Figure 56 - the organization of data on two priority fronts. On the left, Natural features. On the right, Social and Zoning 

characteristics. 
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Figure 57 - Key diagrams for connection between zones, uses and services on the Gowanus Canal. Overlapping 

requirements indicated by the diagnosis of the desires of the community that must be translated into the parameterization 

section. 

From this organization, subsequent overlaps were created to delimit a smaller area for the 

application and optimization of parametric studies that meet the expectations of this research. 

4.3. The perimeter of the intervention area 
 

The area selected for intervention in the Gowanus Canal was determined based on the 

convergence of the data presented in the previous topics, which prioritized environmental 

aspects relating to the rise in sea water level and connectivity between communities on both 

sides of the Canal, as well as social aspects (social classes and services to the community) 

and in the parametric analyzes that will be presented below. The streets that make up the 

intervention perimeter are: 3rd street (between Hoyt St and 3rd Avenue); 3rd Ave (between 
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3rd and 16th Streets); 16th St (between 3rd Ave and West side of the Gowanus Canal); Smith 

St (between 16th and 5th Streets) and 5th St to where it meets Hoyt St. 

The perimeter established for the intervention covers a set of underutilized blocks that can 

be reurbanized in the form in accordance with a of zoning that meets the Framework's 

expectations (table 2) created by the Gowanus community and NYC Planning department. 

This e intervention perimeter is also located in an area susceptible to flooding from rising sea 

levels. Here, there is an accentuated concentration of buildings and structures with historical 

and industrial characteristics. In order to determine this section of study in the Gowanus 

Canal, an investigation was carried out through overlapping maps and analyses in Google 

Street View. The purpose of using the Google tool is mainly to certify the integrity of the 

shapefiles imported from the Urban Planning department of New York City. In addition to 

the quality of the images provided by this tool, it is possible to browse different dates and 

compare years, thus having a more precise notion of the transformations that have occurred 

in the Gowanus Canal area. The study area was also determined using Urbano, a plugin in 

Grasshopper responsible for indicating activities, services and behavioral characteristics such 

as the number of people exploring a certain region. To add inputs to this plugin, maps and 

points of interest extracted from OpenStreetMap (OSM files) were added, in the same 

methodology represented by figure 55. 

With a goal of better integrating different neighborhoods and existing amenities and services 

in the Gowanus Canal (as identified as a community goal, see Table 2), one of the strategies 

used in the software was the marking of NYCHA housing units on the site through "starting 

points". The travel time between the housing units was calculated considering three different 

mobilities: pedestrian, bicycle, and car (pedestrian and bicycle are presented in Figure 5). 

This made it possible to observe that the Canal is a major barrier and extends the travel time 

between those living working and regularly visiting the district. 

The factor “intensity of pedestrians on the streets” was also inserted, showing which are the 

road axes most used by pedestrians. With this data, it was possible to navigate through Street 

View and visualize which characteristics and particularities of the streets are associated with 

and perhaps contribute to a greater flow of pedestrians. 
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Figure 58 - Displacement analysis through Pedestrian and Bicycle modalities from starting points located close to NYCHAs. 

Flood projections for the next 80 years and the topography of the region were also added to 

Grasshopper, in order to compare the urban layout with the path indicated by OpenStreetMap. 

Thus, it is possible to create routes that reduce the time for pedestrians to travel between 

neighborhoods and to have easier access to primary resources and amenities, such as 

commercial strips and public transportation, and that will be in line with the rise in sea level 

and the floods expected for the coming decades. 
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Figure 59 - Analysis of the projection of water levels (Sea Level Rise) in the coming decades. 

 

After testing some interactions in Grasshopper with the Urbano plugin, it was observed that 

it was necessary to reduce the testing area so that the software could run more accurately on 

the computer. For this, the need arose to further delimit a perimeter in the Gowanus Canal 

Neighborhood. In this way, the computer began to generate information more efficiently. 

The selected area should contain essential aspects to be explored parametrically according to 

the demand of the topics previously presented in this research, such as the integration and 

increase of services available to the community, preservation of historic buildings, and the 

issues of rising sea levels from the climate change (figure 60). 

From the design of the perimeter determined within the neighborhood of Gowanus Canal, all 

the following parametric work starts to respect the same delimitations.
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Figure 60 - Zoning Diagram and Perspective of the intervention region in the Gowanus Canal. 

4.4. Site-scaled Design Analysis and Optimization 
 

The plugins used for mapping this phase of the research were Decoding Spaces and Human 

UI. DeCodingSpaces Toolbox for Grasshopper is a collection of analytical and generative 

components for algorithmic architectural and urban planning. The Toolbox is free software 

released by the Computational Planning Group (CPlan) and is a result of long-term 

collaboration between academic institutions and praxis partners across the globe with the 

common goal to increase the efficiency and quality of architecture and urban planning 

(Abdulmawla et al. 2017). Human UI is an interface paradigm for Grasshopper. It is used for 

creating professional-looking Grasshopper apps with custom user interfaces without writing 

any code. Human UI is an open-source project originally developed at NBBJ by the Design 

Computation Leadership Team in 2015-2016 (Heumann et al. 2016). These two combined 

tools make it possible to organize, through layers, the urban form of the intervention area in 

lines, polylines, surfaces and rectangles. 
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Attempt 1 – Defining the Zoning – Defining the Blocks 

 

Figure 61 - Streets that intersect with the perimeter and existing axles, waterbody defined as a park. 

 

Figure 62 - Addition on the number of axles to reduce pedestrian traveling time in consonance with the topography. 

 

Figure 63 - Left - Zoning created according to flood risk parameters and concentration of historic buildings with industrial 

characteristics. Right – Hurricane evacuation zones and perimeter projections of hurricanes in worst cases. 
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Figure 64 – Attempt 1 (fail). Zoning created according to flood risk parameters and concentration of historic buildings with 

industrial characteristics. 

On the first attempt, some flaws were revealed. When organizing the zoning groups, it was 

necessary to establish the perimeter of the Canal (water body) as a "Park" area, according to 

the parameters of the Grasshopper script. As the canal intersects the entire extension of the 

study area, the program automatically connected both sides with streets overlapping the 

Canal (indicated by the green spheres, figure 63), not respecting the limit of the green area. 

As a result, zoning nuclei were also created in disagreement with the proposal. The solution 

to this problem was the establishment of small free shafts (approximately 50 centimeters), 

connecting both sides of the Canal. After these and other small modifications, such as the 

individual definition of each zoning plot (attempt 2, figure 64), it was possible to create a 

more accurate model. 
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Attempt 2 – Defining the Spaces: Program based on Water / Community and Historic 

conditions 

 

Figure 65 - Attempt 2 – Reorganizing the Zoning based on existing buildings and lots (author 2022). 

In the second attempt (top and bottom diagrams to the left of figure 65), the alignment of the 

proposed blocks and streets within the intervention area is better established to reduce travel 

time between pedestrians who need to cross the Canal. This definition respects the 

topographical conditions of the region, especially in the area where the large vacant lots are 

concentrated, to the northwest of the map. In this study, existing buildings are indicated. They 

are historical structures, wholesale stores or services, and factories or sheds. The two 

diagrams on the right show the first addition of volumes within batches. These masses are 

mostly concentrated perpendicular to the position of the Canal. In this way, under sporadic 

floods, the water displacement back to the harbor tends to happen faster and avoids more 

significant damage to buildings since the façades (even if they are facing the Canal) are 

narrower. 
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Attempt 3 - Testing the Zoning/Masses 

Here the zoning plots are determined. Note that, for this phase of the work, Floor Area Ratio 

(FAR) is not considered, but only the ‘draft’ of the perimeter of each block. 

In this same phase, the flood projection parameters are added, which will be better evaluated 

below (figure 65). 

 

Figure 66 – Testing the Zoning/Masses: Comparing two identical extracts of the intervention area according to the flooding 

projection simulation. On the left is the sea level rise projection for the years 2030-2050, and on the right is the sea level 

rise projection for the years 2050-2070. The figure shows the situation in the proposed neighborhood. The color gradient 

reaches from dark red (high risk) to light red (low risk). 

The distribution of uses across the masses that were created parametrically, as well as for 

existing constructions within the study perimeter, will be established according to the 

priorities identified by the community in combination with constraints of the projected sea 

level rise for the coming decades. 

In order to prioritize the preservation of buildings with industrial characteristics remaining 

from the last centuries, communitarian and educational services are established for these 

buildings. In this way, access to these buildings becomes more democratic, referring to Lina 

Bo Bardi's proposal presented in the Case Studies. Another important aspect of choosing 

community services and leisure for historic buildings is the easy access to public transport, 

as well as their strategic locations, regarding the connection between both sides of the Canal. 

Residential (housing) buildings are located in different areas of the site. The concern here is 

to ensure a population distribution for people with different income levels in different areas. 

At the same time, it is proposed that these constructions be located at higher elevations of the 

land, thus allowing greater security during weather events that tend to flood the region. 

The areas destined to generate jobs, with buildings with multipurpose services and offices, 

are also spread across the intervention area. The intention is to provide a balance in the zoning 

so that there are multiple types of businesses, from small businesses to corporations. The 

variation of job opportunities follows the requests from the community. 
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Following the aspirations of the community, a strategy of granting common access to the 

ground floor of all existing and proposed constructions in the intervention area is established. 

In some instances, this supports services and retail trade; in other conditions, it facilitates the 

flow and water infiltration resulting from flooding in the soil. The ground floor is "free" and 

accessible to all. This celebrates the connectivity and integration desired by the community, 

as highlighted in Table 2, while allowing greater fluidity and infiltration of water into the soil 

in case of floods. The visual permeability resulting from the elevation of buildings also favors 

pedestrian movement. This proposal to raise the ground floor of buildings in some areas of 

the new zoning, in addition to taking environmental aspects into account, also celebrates the 

existence of historic buildings, as it allows greater visibility and reinforces the industrial 

identity desired by the population, also indicated in the document “The Gowanus: A 

Framework for a Sustainable, Inclusive, Mixed-use Neighborhood.”  

In this same attempt, projections of sea level rise in two groups of dates, 2030-2050 and 

2050-2070, were added to the study. With these comparisons, it was possible to analyze 

which areas would be most affected by projected sea level rise. The Figure 66 compares the 

two intervals of sea level rise projects and its effects in the proposed zoning: from the lightest 

red (least harmful), to the darker red (more harmful). These analyzes are employed to more 

clearly define the distribution of programs to be proposed for the intervention area. 

 

Figure 67 - Simulation of zoning according to the principles requested by the community in comparison with the increasing 

probabilities of flooding in the coming decades. 
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4.5. Results 
 

The initial results demonstrated a great ability of the parametric software to present urbanistic 

solutions favorable to the development of urban areas. Despite the excessive number of types 

of information tested in the intervention area, after several tests, an analytic narrative began 

to emerge—one that creates a more effective Zoning, according to the wishes of the 

community and in line with the challenges posed by climate change (sea level rise). It is also 

necessary to say that, while the tests were carried out, there was a certain difficulty in 

reconciling qualitative and perhaps subjective data, as arose in the analysis and evaluation of 

historic buildings and existing constructions on the Canal, against quantitative data and the 

mathematical point of view of the parameterization programs. Subjective frameworks for 

establishing importance of structures were set aside during this research. The rigor of an 

investigation through parametric programs could be not only prioritized but also maintain 

integrity. However, the conclusion of the testing cycles was found to generate generic design 

solutions. A cycle that is only mathematically generated is without a "design soul." 

In the end, it is important to emphasize that, despite the step-by-step provided by the tutorials 

and by the developers of the plugins, it is important to pay attention to the particularities of 

each site, which, in the case of Gowanus Canal, there were many. Among these 

particularities, it is possible to mention 1) the territorial dimension of the intervention area, 

which, despite having been reduced, still concentrated a great amount of data, thus requiring 

a considerable average time for calculation and generation of digital models, delaying the 

tests and 2) the reduced ability to analyze qualitative data, requiring significant human 

validation in the data materialization, thus exposing a (still) limited capacity of 

parameterization programs for complex regions such as the one investigated in this research. 

4.6. Conclusion 
 

The implementation of a parametric method is a complex process that consumes time, and 

requires dedication and specialized knowledge of digital technology and programming 

principles. It was also verified to be true that, at the same time, this can be an ally in the 

development of the project. 

The search for solutions based on the parametric model is quite efficient in the process of 

analyzing areas prone to flooding in urbanized territories and is more enlightening depending 

on the level of detail applied. In the development of the project for the Gowanus Canal, the 

generated models allowed exploring the shape of the objects, elucidating the decisions taken 

and their relationships with the complexity of the space that surrounds the area. 

As in any architectural project, the evolution of the solution does not proceed linearly, with 

advances and retreats. Some of the changes applied to the project led to the need for changes 

in the parametric model. The complexity of the intervention area required critical 
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examination before integrating the parametric tools. In some cases, the parameterization had 

to be abandoned for the benefit of the project. 

There was a certain difficulty in applying parametric techniques, mainly because it was 

necessary to review the code and the constructive logic of the software that adapted to the 

three most important factors of the research, the increase in the sea level rise, the 

agglomeration of buildings with industrial characteristics and the social factor, with data on 

the population, their needs, and expectations for the Gowanus Canal. This difficulty was 

mitigated by carefully organizing the code and implementing layers for each aspect. 

With regard to the solution designed for the Gowanus Canal, the research intended to explore 

a possible renewal of an area characterized as an industrial zone. There, it is intended to be 

more than a possibility to expand its existing uses. It is intended to generate a new centrality 

for the city, a place of socialization that will bring the population together and promote the 

region's dynamism in line with the challenges related to climate change and rising sea levels. 

In conclusion, what came out was a much more critical look at what it means for something 

to be parametric. The practical application of parametric design tools allowed us to apprehend 

a renewed vision about their role in the elaboration of an architectural project, apprehending 

the specificities, valences, and difficulties of the process, mainly when it comes to an area 

with such a complexity to be evaluated as the Gowanus Canal. 
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5. DESIGN GUIDELINES FOR FUTURE DEVELOPMENT 
 

Optimization of the architecture 

Due to the complexity of the Gowanus Canal and its characteristics, such as its location in an 

area prone to flooding due to the sea level rise, projected densification, and the preservation 

of the existing industrial historical heritage in the area, it is desired as a future work logically 

would include a more detailed study for each block of the intervention area. Different from 

the generic model developed in the research so far, which is a more general urban study based 

on qualitative and quantitative data, by zooming in on the further narrowing the scale of 

intervention scale will allow the peculiarities of each block can be more to be studied in 

greater detailed and, thus, constructive assets.  The historic buildings can be more detailed in 

the digital model, the insolation and ventilation studies can be explored in each lot, and the 

paths to be explored by pedestrians can be meticulously explored to promote more significant 

interaction between the community and public spaces. All architectural details can be 

explored in a more iterated and optimized way. To exemplify, one of the optimization 

possibilities is the exploration of parameterization technologies in the elaboration of 

buildings that adapt to flood contexts, in which the ground floors could have flexible 

structures that guarantee the use of space both in "normal" conditions and in sporadic 

phenomena, like floods. Another possibility is the optimization of constructions in order to 

produce their own energy, creating their own ecosystem in the Gowanus Canal region - a 

renewable energy hub. Future work aims to integrate technologies used often on an isolated 

building scale into a larger urban context, with challenges related to the past and future on a 

social and environmental scale. 

This work can also be developed to contribute to the maintenance and development of 

parametric tools designated for consolidated areas prone to flooding in different contexts. 
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Figure 68 - Schematic cross-sectional diagram of uses in the proposed new zoning. The 

orange blocks represent existing historic buildings. (adapted from Islais Hyper-Creek, Bjarke 

Ingels Group, 2018) 
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1. APPENDIX 
 

 

Figure 69 - Urbano for Grasshopper Script 01 – Generating the site. 

 

Figure 70 - Urbano for Grasshopper Script 02 – Street features analysis A (Services and Uses). 
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Figure 71 - Urbano for Grasshopper Script 03 – Street features analysis B (Pedestrian and Cars). 

 

Figure 72 - DeCodingSpaces Toolbox Script for Grasshopper. Adaptative Masterplan template. (adapted from Abdulmawla 

et al. 2017) 
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