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Executive Summary

Stantec developed this resilience analysis by completing an existing conditions review to understand the
current and potential future challenges the community and ecosystem may face. Stantec examined
historical documents to gain insights into past events and trends, as well as assessed current and projected
flooding, extreme heat, air quality, and health disparity data to identify areas at risk. After integrating these
diverse data sources into the resilience analysis, Stantec developed a summary table with strategies that
could enhance the ability of Trenton to withstand and recover from adverse conditions. In the next phase of
the project, alternatives will be identified and developed. As part of that work, the project team will assess
the extent to which the options mitigate or exacerbate environmental and community stressors.
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1 Resilience Dimensions

Resilience is the ability to anticipate, prepare for, adapt, and quickly recover from stressors.! Investing in
climate resilience involves changes to the built environment, as well as consideration of a community’s
social and economic environs. As such, this analysis explores the following dimensions of resilience.

1.1 Physical Resilience

This dimension of resilience considers how the potential project could reduce exposure and sensitivity to
climate change-exacerbated natural hazards, such as riverine and inland flooding and extreme heat, within
both the developed and landscaped portions of the project site, as well as the surrounding neighborhoods.
This dimension of resilience also examines how the project could strengthen ecosystem service
provisioning, such as through habitat restoration, stormwater runoff reductions, and improvements in air
quality.

1.2 Economic Resilience

This dimension of resilience considers how restoring waterfront access; creating accessible, programmable
open spaces; and building structures for commercial and cultural activity can drive economic growth. Direct
benefits could include additional economic activity from farmers’ or artisan markets, open-air concerts or
other entertainment events; additional structures contributing property taxes; as well as retail opportunities.
Secondary benefits include increased values for residential properties now adjacent to restored parkland
and revitalized downtown, and additional activity at nearby restaurants, retail, and other commercial
structures.

Waterfront development is also accompanied with economic risks. Investing substantial funds in the
waterfront creates a long-term commitment to upkeeping and improving flood mitigation activities, despite
the associated expense. In the event of intensified tidal or riverine flooding, any future necessary retreat
would impose a substantial burden.

1.3 Social Resilience

This dimension of resilience considers the mental and physical health of the community surrounding the
project site. Healthier, connected communities are better able to weather environmental, physical, and
economic stressors. Publicly accessible green spaces at the neighborhood level are associated with
fostering a greater sense of community belonging among residents. Having a greater sense of community
belonging is associated with reductions in social isolation;? lessened mental distress, anxiety, and
depression; and increased physical activity.® When well-designed and inclusively programmed, urban parks

1 (Mehryar, 2022)
2 (Rugel, Carpiano, Henderson, & Brauer, 2019)
3 (Barton & Rogerson, 2017)
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have the capacity to increase social cohesion* and support positive interactions among visitors of different
racial and ethnic backgrounds, supporting a diverse and demaocratic society.® Prior planning documents
published by the City of Trenton speak to these uses. The Case for the Capital City Riverfront plan has
goals around promoting mixed use spaces, including through the prioritization of projects that support
cultural and social activities. While the Resilient Trenton action plan matrix does not include specific
mention of expanding public amenities provision within private buildings, it does include a need to expand
cooling center provisioning, which can align with investment in public interior spaces.®

In addition to fostering social connection, this dimension of resilience considers the capacity of the project
to increase mobility and active transportation possibilities through improved sidewalks and expanded multi-
use trails. Connecting with existing, well-used transit infrastructure, such as the Trenton Transit Center,
East Coast Greenway, and Circuit Trails network, could be beneficial.

4 (Jennings & Bamkole, 2019)
5 (Powers, Webster, Agans, Graefe, & Mowen, 2022)
6 (City of Trenton - Division of Planning, 2024)
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2 Risks and Vulnerabilities

In this section, we discuss site history, as well as physical, economic, and social vulnerabilities.

2.1 Site History

The project area borders the Delaware River to the west, extending past the Assunpink Creek to US-1 and
slightly south. In the 1930s, historical aerial imagery and plat maps show a large expanse of open space
constituting Stacy Park.

In the 1950s, the size of Stacy Park was significantly reduced, as the construction of Route 29 replaced
open space.” This reduced Trenton’s access to its waterfront. In the 1960s, the Bloomsbury neighborhood,
which falls within the project site borders, was also razed and replaced with government office buildings

The practice of “redlining” also influenced Trenton’s development. Redlining policies implemented by
financial institutions such as the Home Owner’s Loan Corporation denied mortgages and home loans to

7 (Trenton Housing and Economic Development Department - Division of Planning, n.d.)
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residents of neighborhoods deemed “hazardous” on the basis of having residents of color. A significant
portion of the neighborhoods within and around the project site were classified as “hazardous.” The Home
Owners’ Loan Corporation classified a significant portion of the area as “hazardous”, which created
significant barriers to home buyers looking to obtain a mortgage for properties in the redlined areas or take
out a home equity loan to finance improvements to their homes.8 The impacts of these policies are still felt
today, with reduced wealth, higher poverty rates, greater health burdens, and lower life expectancy present
in historically redlined neighborhoods across the United States.®

As in many communities across the country, redlining policies directly contributed to blight in the
Bloomsbury neighborhood, which at the time consisted of working-class families. The City of Trenton chose
to clear the neighborhood in the 1960s and 1970s, during the urban renewal era.1®

Figure 2: Historical Redliin

of the Project Site
'] /' y; 3

Home Owners' Loan Corporation Neighborhood Redlining |

A (Best) C (Declining)
I B (Still Desirable) I D (Hazardous)

Today, Stacy Park is significantly smaller than its original footprint, with the project site characterized by
vast expanses of parking spaces interspersed with government office buildings.

8 (Jackson, 2021)
9 (Richardson, Meier, Mitchell, & Lynch, 2020)
10 (The Trenton City Museum at Ellarslie, 2022)
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Aerial Imagery o 5 S
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In daylighting the Assunpink Creek and restoring its banks, Trenton has begun reconnecting its water
bodies with its urban fabric and rethinking its relationship with water. This project would move Route 29
inland, transforming it into an urban boulevard and using the newly freed land for open space as well as
development.

2.2 Physical Risks and Vulnerabilities

We explore the physical risks and vulnerabilities of flooding, extreme heat, air quality, and anticipated
impacts to biodiversity and ecosystem functioning.

2.2.1 Flooding

The Capital City Renaissance Plan (CCRP) published by New Jersey’s Capital City Redevelopment
Corporation (CCRC) highlighted the potential benefits of riverfront redevelopment. However, as the
Resilient Trenton Vulnerability Assessment points out, the CCRP understates the realities of flood

7
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exposure.!! The riverfront area, which includes the project site, is described as particularly vulnerable to
flooding within the Resilient Trenton Vulnerability Assessment:

"Areas of Trenton that are most vulnerable to riverine flooding are those located near the Delaware
River and its tributaries, including the Assunpink Creek. The riverfront area in particular is at high
risk of riverine flooding during periods of heavy rainfall or snowmelt. In the past, riverine flooding
has impacted areas along the Delaware River waterfront, including the South Riverfront Park and
the Trenton-Morrisville Toll Bridge."*?

New Jersey is projected to experience an increase in precipitation of up to 20% by mid-century. Increasing
frequency and intensity of extreme precipitation events will leave the waterfront area subject to increased
pluvial and fluvial flood vulnerability if not addressed. The waterfront is also vulnerable to increased coastal
flooding in the future due to sea level rise, which is projected to increase up to 6.3 feet by late century. As
such, development within the floodplain represents a long-term financial and organizational commitment to
the ongoing upkeep and improvement of flood mitigation measures. The site is vulnerable to numerous
different types of flooding - coastal, pluvial, and fluvial. Ice jams have also contributed to flooding along the
Delaware River and pose a risk to riverside assets.

Much of the site is located within the New Jersey Flood Hazard Area (NJFHA)!® and the FEMA 100-year
Base Flood Elevation (BFE).1* The NJ FHA Design Elevation ranges from elevation +30.6 (ft NAVD88) at
the northern project limit, down to elevation +27.9 (ft NAVD88) at the southern project limit. The FEMA BFE
ranges from elevation +25.0 (ft NAVD88) at the northern project limit, down to elevation +19.0 (ft NAVD88)
at the southern project limit. The study area is within several regions with flood protection regulatory
relevance, including the Sea Level Rise Adjusted Flood Hazard Planning Area; the Flood Vulnerability
Planning area; and FEMA Zone AE: 1% Annual Chance Flood Hazard.

The NJ Department of Environmental Protection (NJDEP) governs several regulations that will restrict the
permitted development within the project area. Under the NJDEP Flood Hazard Area Control Act Rules,>
redevelopment activities associated with the project are subject to the Zero-net Fill Standards. As directed
by NJDEP (during the 1/28/2025 meeting with NJDEP), proposed fill associated with reconstructed
roadways is not subject to the ‘zero net-fill' standards; however, the project must demonstrate that the
volume of fill is minimized. Additionally, the Flood Hazard Area Control Act Rules specify that the travel
surface of a public roadway or building in a flood hazard area must be constructed at least 1 foot above the
Flood Hazard Area Design Flood Elevation (FHADFE). Additionally, NJDEP discussed the need for “dry
access” to residential and critical buildings, further emphasizing the requirement for access roads to be
elevated above the FHADFE, although the restrictions are less stringent for commercial buildings and
parking structures.

11 (City of Trenton - Division of Planning, 2024)

12 (City of Trenton - Division of Planning, 2024)

13 (U.S. Department of Agriculture Soil Conservation Service, 1975)
14 (Federal Emergency Management Agency, 2016)

15 (New Jersey Adminimstrative Code, 2023)
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Figure 4: Flood Hazard Area

\

As the project area is already prone to flooding, increasing the flood storage area in alignment with the
Zero-net Fill Standards will be in the project’s best interest. Elevating the upland areas of the site, including
Route 29 and the developable parcels to the east, above the FHADFE will require a significant volume of
fill, which will need to be carefully balanced with the construction of the waterfront park to limit loss of
floodplain storage.

Additional consideration will need to be given for the design of the elevated roadway and developable
parcels with respect to the potential impacts this work may have on the existing parcels at the northern and
eastern project limits that are not slated for redevelopment. While these parcels are located outside of the
FHA, the exterior grades of the buildings are located at approximately elevation 25.0+ NAVD88 which can
be as low as 5 feet below the design elevation of the reconstructed roadways and developable parcels.
Additional floodproofing measures may need to be considered at these parcels to ensure that any possible
losses of floodplain storage associated with the fill activities is not displaced onto these lower-lying areas
once construction is complete.



Resilience Analysis of Local Concept Development Route 29, Landing St. to North of Calhoun St.
Risks and Vulnerabilities

2.2.2 Extreme Heat

Most of the land within the project area is impervious, with several large parking lots and major highways.
As shown in Figure 5,16 the project site is impacted by the Urban Heat Island phenomenon, with significant
areas of heightened exposure around the parking lots that serve the Richard J. Hughes Justice Complex
and the Department of Labor, as well as eastern sections of the study area, which includes core sections of
Trenton’s grid.

Figure 5: Heat Severity

According to New Jersey’s environmental justice definitions, 100% of the Census Blocks within 0.5 miles of
the study site lack sufficient tree canopy coverage. Increased extreme heat exposure can be a particular
risk for individuals with chronic health conditions, including those related to cardiovascular health,
respiratory capacity, and diabetes. The Census Tracts within and around the study area show higher rates
of chronic health conditions such as asthma, diabetes, and high blood pressure.!’

The conversion of impervious surfaces to vegetated open space, and the installation of green landscaping
in and around redeveloped components, can help reduce the urban heat island phenomena. The tree
canopy absorbs direct sunlight, prevents pavement absorption, and creates variation in air temperature that

16 This map was produced using data, in whole or in part, provided by The Trust for Public Land
17 (Centers for Disease Control and Prevention, 2024)

.
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provides air movement and cooling breezes on high heat days. Once alternatives have been developed, the
project team will utilize iTree to assess the extent to which tree planning can reduce urban heat, improve air
quality, and aid in carbon sequestration.

2.2.3  Air Quality

The Combined Stressor Summary*® produced by NJDEP notes that every Census Block Group within the
study area has concerning levels of ground level ozone, fine particulate matter, and traffic-generated
emissions. New Jersey has an average asthma rate of 8.9%.1° The communities surrounding the project
site, and in Trenton more broadly, have significantly higher rates, as shown in Figure 6: Estimates of Adult
Asthma Rates.?° Individuals with asthma are more vulnerable to poor air quality. Additional details on air
quality challenges within the project site can be found in the Air Quality section of the Environmental
Screening Report.

Figure 6: Estimates of Adult Asthma Rates

Estimated Adult Asthma Rates, 2022 508

Percent Adults with ©.0-10.0
Asthma 101-112
BU-89 | RIRERER]

Increasing the urban forest and tree canopy coverage can aid efforts to improve air quality. Once project
alternatives have been developed, the project team will use iTree to assess how increased urban forest will
contribute to reductions in air pollution.

2.2.4 Biodiversity/Ecosystem Function

The Delaware River, Assunpink Creek, and the D&R Canal are major environmental corridors that
converge in Trenton. Several species of concern and rare, threatened, and/or endangered species (flora

18 (New Jersey Department of Environmental Protection - Bureau of GIS, 2025)
19 (New Jersey Department of Health, 2024)
20 (Centers for Disease Control and Prevention, 2024)

.
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and fauna) may utilize the intersecting riverine and terrestrial habitats in Trenton permanently or during
migration.?!

Threats to biodiversity and ecological resilience are concerns noted within Resilient Trenton’s action
matrix.?2 Climate change and development both pose threats to biodiversity. Expanding urban forests and
restoring riparian and upland ecosystems will support the wildlife that depends on these systems for forage,
habitat, reproductive cycles, and rest during migration. Planting urban forests systematically to create and
preserve connectivity and a network of interconnected open, green, and vegetated spaces can provide
protected landscape buffers for species to traverse the urban environment. The establishment of diverse,
thoughtfully executed urban forests, green infrastructure, and distinctive open spaces can positively
contribute to nutrient cycling, increased biomass, and microclimate regulation. These ecosystem functions
not only benefit pollinators and wildlife but can benefit people by reducing urban heat island effects,
improving water dynamics, and creating opportunities to connect to the natural world in everyday life.

Restoring components of the riparian habitat has the potential to increase habitat availability and build on
the accomplishments and impact of the Assunpink Creek restoration program. While the project site is
approximately 1.58 miles from the nearest Connecting Habitat and Animals in New Jersey (CHANJ)
corridor, ecosystem restoration in general still broadly supports the goals of the CHANJ program, which
aims to expand wildlife habitat connectivity across the state. By restoring connectivity, trophic interactions
across the food web would be improved, strengthening the resilience, function, and structure of the larger
system. Once alternatives are developed, the project team will evaluate the extent to which open space
components of the project site can contribute to habitat preservation.

2.3 Economic and Social Risks and Vulnerabilities

The project site is a historically redlined area, as shown in Figure 2. Today, the project site is wholly within
low-income and minority communities, as is much of Trenton. Of the 34 Census Blocks within a half mile of
the study area, 23 are low income and minority; five are low income, two are low income, minority, and
limited English. On average, the Census Blocks within this study area are 89.9% minority, and 53% low-
income. Residents who are Black or Hispanic constitute these minority communities. As the Resilient
Trenton Vulnerability Assessment notes, "data on flood risk and environmental justice communities find a
pronounced overlap between areas at high risk for flooding and communities of low income and/or minority
status, including those with limited English proficiency." Reinvestment in the project site can benefit these
historically disinvested in communities through the provisioning of additional recreation, housing, and
employment opportunities. Ensuring that this investment does not trigger displacement will require careful
review of existing and planned housing policy.

According to the Bureau of Labor Statistics, Trenton’s unemployment rate was 7.6% in January 2025, a 0.9
percentage-point increase from January 2024. Three-year employment trends also show a persistent
decrease in employment. There are 29,100 non-farm workers in the Trenton area, with major industries
include government (83,700 workers), education and health services (52,900 workers), professional and

21 (Group Melvin Design, 2014)
22 (City of Trenton - Division of Planning, 2024)

.
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business services (52,700 workers), and trade, transportation, and utilities (39,100 workers). Average
weekly wages are $1,654.%3

Trenton 250’s Economic Development Topic Report notes numerous obstacles impacting Trenton’s
economic potential. Ineffective urban renewal practices of the 1950s and 60s continue to affect Trenton
today, with heavy investment in state office buildings leading to an economic base that depends heavily on
state government employment. A high preponderance of non-taxable land reduces Trenton’s tax revenue,
necessitating high effective tax rates that burden residents. Additional challenges include limited retail
goods and services, sluggish business growth, a shortage of easily developable industrial sites, and
workforce challenges. Development issues specific to Trenton’s downtown include the current
underutilization of the waterfront and associated lack of tax revenue, limited retail demand and
development, insufficient construction of market-rate housing and underinvestment in arts and culture.?*

23 (U.S. Bureau of Labor Statistics, 2025)
24 (The City of Trenton - Division of Planning, 2017)
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3 Opportunities

As with other components of the eventual development that will take root in the project site, interventions
that aim to increase resilience should be rooted in the values, priorities, and concerns of the surrounding
community. The Resilient Trenton plan, including the community engagement findings section, provides a
list of action items and concerns held by both Trenton’s residents and planning officials.

Action items listed within the Resilient Trenton plan with applicability to this project’s resilience goals include
the following:

e Green Infrastructure: Development of urban parks and green spaces to improve air quality, manage
stormwater, and reduce urban heat.

e Trees: Maintenance and expansion of urban tree canopy for health, shade, and aesthetic purposes.

¢ Water Management: Comprehensive water resource management strategies, including rainwater
harvesting.

e Extreme Heat: Initiatives to reduce the urban heat island effect and increase public awareness.

e Flooding: Strategies for flood mitigation including infrastructure upgrades and community
awareness.

¢ Infrastructure Improvements: Modernization of critical infrastructure for resilience and sustained
economic activity.

Community priorities identified through the engagement process for Resilient Trenton with applicability to
this project’s goals include the following:

¢ Identifying and prioritizing resilience interventions that benefit vulnerable populations, such as low-
income communities, the elderly, and those with chronic health conditions, who may be
disproportionately affected by climate change impacts.

¢ Developing strategies to increase community resilience and reduce vulnerability to climate change
through the expansion of green infrastructure, public transportation systems, and increasing access
to healthcare services.

e Integrating climate change education and awareness into schools and community programs,
promoting sustainable business practices, and supporting local artists who address climate change
themes in their work.

¢ Highlighting the lives and legacy of the Indigenous people who were Trenton’s original inhabitants.
Residents are proud of Trenton's historical value as the birthplace of America and the indigenous
people who lived there, and they want to ensure that the respect given to the land by these people
is incorporated into becoming more progressive.

¢ Residents want the city to manage flooding issues and focus on educating future generations about
climate change.

e Supporting Trenton’s music and arts scene, and overall artistic vitality. When possible, resilience-
related interventions should be mindful of culture, traditions, music, and art that are important to
Trenton’s community, and help foster vitality and uniqueness.

There are opportunities to increase resilience through physical, economic, and social improvements
through the redevelopment of the project site.

.
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3.1 Physical Opportunities

Physical improvements could be made to reduce flooding issues, address extreme heat, enhance air
quality, improve biodiversity/ecosystem function, and reduce or offset carbon impacts.

3.1.1 Flooding

Addressing existing flooding issues, and preventing new ones, is a top concern of Trenton’s residents and
planners. Given the project site’s location within the floodplain, reducing stormwater runoff will be a high
priority. Landscape level and nature-based approaches, as well as traditional engineering interventions, can
help capture, infiltrate, and store water. A combination of different stormwater management practices will be
used throughout the project to reduce flooding impacts as well as improve water quality. Geotechnical
investigations will be required to determine the appropriate practice types and verify the feasibility of
infiltration practices based on physical constraints such as depth to seasonal high water table and/or
bedrock. Alongside stronger building codes and engineered solutions, investments in green infrastructure
and urban forestry will be necessary to mitigate flood impacts.

3.1.1.1 Nature-Based Approaches

Figure 7: Stormwater Tree Trench Diagram

Stormwater
Tree Trench

Trees filter and franspire stormwater while
praviding shade and enhancing the
streelscape

Stormwater from roadway flows info system
through greeninlel

Stone (or other storage media) provides
stormwater storage

Underdrain (If needed)

Stormwater Inflirates Into subgrade

If capacily is exceeded in stormwater free
french, stormwater bypasses green inlef and
Is collected In exisfing sewer system

Uncompacted, level subgrade

e Green Infrastructure (ROW): Large parking lots, roads, and buildings inhibit water infiltration. Unable to
infiltrate into the soil, stormwater runoff pools across these impervious surfaces. Expanding the urban
forest and landscaped zones to increase stormwater interception and infiltration across the project area
in the parcels that will be developed can mitigate these impacts. Tree pits, bioswales, and linear
trenches along existing roadways can capture rainwater, and can both tie into the storm sewer and
provide opportunities for infiltration. In addition to intercepting falling rain, tree root systems both absorb
stormwater and promote infiltration: a single, healthy tree can capture almost 4,000 gallons of water
each year.

.
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e Green Infrastructure (Parkland): In the parcels that will be reserved for open space, parkland, and
ecosystem restoration, use landscaping to capture—and treat—stormwater runoff. Design interventions
to this effect can include implementing a rolling hills type of park with meandering, interwoven trail
network; forested wetlands; low-lying wet meadows, and stormwater treatment wetlands.

e Flood Tolerance: For vegetation improvements in both parkland and adjacent to developed parcels,

select tree species that tolerate wet conditions and saturated soils.

e Floodplain Connection: Given the existing net zero cut/fill restrictions, explore opportunities to expand
the floodplain along Assunpink Creek, connect to that restored habitat, and continue facilitating habitat
and water quality improvements. Oxbow features may be a relevant component of such an effort.

e Shoreline Stabilization: There may be opportunities to stabilize shorelines along Assunpink Creek with
dense vegetation to reduce flood velocities and provide areas for infiltration and flood storage. Flood
modeling and assessment of existing and proposed NbS stabilization interventions would be needed to
determine where this intervention might be feasible.

Figure 8: Mixing Green, Blue, and Gray Stormwater Infrastructure

Stormwater Tools | The Right Mix of Green, Blue, and Gray Infrastructure

An optimized system of green, blue, and gray infrastructure enhances stormwater practices, promoting ecological health, air and water quality, and community benefits.
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designed to provide strategic storage capacity during
heavy rainfall, reducing flooding and sirain on the SWB's
pumped drainage systems.

Gray infrastructure includes
stormwater drains and pipes that
collect and convey runoff.

To SWB System

The weir structure controls lake levels, with
sluice gates or adjustable weirs used to
opftimize storage capacity.

Water from the lake is discharged into the
pumped drainage system after the storm
peak, allowing pumps to normalize.

Stormwater runoff from paved and
landscaped surfaces can be directed to blue
and green systems for freatment.
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3.1.1.2 Engineering Approaches

o Elevate Infrastructure: Elevate buildings and critical infrastructure above the floodplain to minimize
damage from flooding and avoid costly restorations.

e Subgrade Detention and Infiltration: For areas where the site will be developed with paved surface
or nature-based solutions are not feasible due to other constraints, subgrade detention and
infiltration practices should be explored. These practices include pervious pavements and
stormwater galleries which provide temporary storage of stormwater runoff before infiltrating into
the ground. Where groundwater tables do not permit the use of infiltration practices, detention tanks
can be used to store stormwater and slowly release it into the storm drain system once peak runoff
rates have subsided. By temporarily storing stormwater, these practices help expand floodplain
storage capacity and reduce pluvial flooding.

e Upsize Drainage System Capacity: Aging drainage systems are typically not designed to manage
runoff from expanded impervious areas and increased precipitation events that are experienced in
the present day. Upsizing the drainage system capacity can help reduce surface water and flash
flooding impacts. System sizing should consider additional capacity for future projections in pluvial
flooding events.

e Stormwater Distribution: Implement measures to balance distribution of stormwater through the
municipal system, to utilize drainage facilities with capacities while others may be overburdened.

o Backflow Prevention: Installing backwater flow prevention devices (e.g., valves, flap gates, sluice
gates) can help minimize upstream flooding caused by downstream or tailwater overflows from
backing up into the system.

¢ Building Floodproofing: For infrastructure that is located below the flood hazard area design
elevation, both wet and dry floodproofing measures can be used to protect against flood waters.
This may include using permanent and deployable strategies such as perimeter flood barriers, flood
doors, pumps, and waterproof sealants or designing spaces with non-critical uses to be allowed to
flood while minimizing damage through the use of flood resistant materials.

¢ Maintenance: Implement a proactive maintenance program to clear out drainage systems ahead of
forecasted storms. Continue conducting regular removals (seasonal and post-storm) of debris,
waste, and accumulated sediment as part of maintenance program.

e Monitoring: Install sensor systems to monitor water level and changing climate conditions, to inform
proactive maintenance program.

3.1.2 Extreme Heat

The restoration of parkland and open space, improvements to the urban forest, and the redevelopment of
urban parcels presents opportunities to reduce heat exposure and improve air quality for residents and
visitors to the project site. Nature-based approaches, and features of the built environment can influence
temperature. Prior to designing cooling features, sun/shade analysis and temperature assessments should
be performed to inform intervention placement to maximize benefits.

3.1.2.1 Nature-Based Approaches

e Increase Urban Forest and Vegetation: Expand the urban forest canopy in existing developed
areas, and throughout new park features. In addition to linear tree plantings adjacent to pathways
and other social infrastructure providing shade, pocket forests can provide habitat and additional
microclimate improvements. The cooling effect of trees in urban environments is profound. Studies
have shown that mature tree canopies can provide up to 10 degrees of cooling compared to sites

.
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without established canopies. Trees cool the landscape through evapotranspiration?> and by
directly blocking the sun with their leaves (or needles) and branches. Trees also positively affect air
movement and absorb less solar energy than impervious surfaces.

e Reduce the need for irrigation of newly constructed green infrastructure during dry conditions by
constructing rainwater ) ) )
harvesting systems for Figure 9: Street Trees in an Urban Setting
landscape irrigation on Sk
bike shelters, new
buildings, and new park
buildings.

e Green Roofs: Green roofs
can help significantly
reduce the urban heat
island effect by absorbing
heat from the air as well as
heat generated by the
building, thereby reducing
air temperatures.
Additionally, green roofs
also help insulate buildings
which helps to reduce
cooling loads and improve
energy efficiency
compared to conventional
roofs. These roofs can also
provide other environmental and social benefits if designed for ecological benefits and/or are
accessible to the public. Green walls and building facades can have similar effects.

e Sun and Shade Studies: Landscapes and urban forests are living systems. An analysis of sun and
shade during the design process can inform where tree plantings will provide the greatest benefit.
As vegetation matures and expands, studies can be performed again to determine if the desired
shade and cooling benefits are being achieved, and what additional plantings and/or species
modifications are needed to reduce urban heat island effects.

Y

3.1.2.2  Structural Approaches

e Cooling Structures: In the park components of the project sites, installation of user-activated cooling
mist features or splash pads (perhaps using recycled water) can foster opportunities to mitigate
heat. Incorporating ADA-compliant paths and seating can ensure access for park-goers of all ages
and abilities.

e Shade Structures: Installation of adjustable shade structures in parks and adjacent to recreational
and/or social gathering spaces can reduce heat exposure.

¢ High Reflectivity Pavements: Utilizing high reflectivity pavements minimizes the heat that is
absorbed by conventional pavements and helps to reduce surface temperatures and urban heat
island effects.

25 Water absorbed through plant roots gets released as moisture through the leaves. The subsequent evaporation cools
the surrounding air.

.
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o Heat-Reducing Materials: Building material selection can influence severity of urban heat island
impacts. Using high albedo materials, reflective glass, shading, and highly reflective “cool” roofs,
pavements and roads can help mitigate urban heat.2¢ Both reflective and permeable pavements,
which are primarily utilized for stormwater infiltration, can provide heat reduction benefits.

3.1.3  Air Quality

3.1.3.1 Nature-Based Approaches

Trees and accompanying green infrastructure strategies with appropriate vegetative species can provide
incredible pollution removal ecosystem services. Air pollution removal is of particular importance in the
urban environment, since poor air quality has such negative impacts on public health. Trees remove a
range of pollutants, including ozone (O3), carbon monoxide (CO), nitrogen dioxide (NO2), particulate matter
less than 2.5 microns (PM 2.5), particulate matter greater than 10 microns (PM 10), and sulfur dioxide
(SO2). These pollutants damage respiratory airways, increase the risk of asthma and heart disease, and
can even cause low birth weights. Expansions to the urban forest, proactive maintenance of existing trees
and new tree plantings, and replacement of declining trees in the existing canopy will increase air pollution
removal benefits over time as trees and vegetation mature.

3.1.3.2 Complete Streets Elements

The term “complete streets” refers to transportation policy and design approaches that require roadways to
be planned and designed for convenient, comfortable, and safe travel for all users regardless of their mode
of transportation. Complete streets elements, such as streetscaping, pedestrian and bicycle infrastructure,
and transit facilities, will be a substantial component of the Route 29 project to provide safe and efficient
connections between the waterfront park, redevelopment, and surrounding communities. Alongside
commitments to increase ground transit service and frequency, these elements could help to improve air
quality by promoting travel by modes not reliant upon internal combustion vehicles. Elements that could be
incorporated into the proposed Route 29 alternatives include:

¢ Narrow lanes, reduced turning radii, and other traffic calming measures that help to reduce vehicle
speeds and potentially reduce associated emissions.

e Protected bicycle facilities with supportive bicycle elements such as secure bike parking, pump and
tool stations, bikeshare or e-scooter stations to promote micromobility options, encourage active
modes of transportation, reduce vehicle use, and help combat sedentary lifestyles.

o Wide and comfortable sidewalks with high visibility crosswalks to encourage walking for short trips.

e Streetscaping that includes spaces for street trees, plantings, and green stormwater infrastructure
that can help absorb air pollution.

e Bus-only lanes, transit signal priority, and enhanced bus stops to promote transit over single-
occupancy vehicle trips.

It should be noted that converting Route 29 from a limited access freeway to an urban boulevard will
increase stops along the corridor, due to traffic signals, thus leading to a potential increase in emissions

26 (An, 2025)

.



Resilience Analysis of Local Concept Development Route 29, Landing St. to North of Calhoun St.
Opportunities

when compared to the existing facility. However, incorporating complete street elements, green space, as
well as intersection control alternatives, such as roundabouts, could help to mitigate the potential increase
in emissions. Further analysis of air quality is needed in future analysis stages.

3.1.4  Biodiversity/Ecosystem Function

Biodiversity and ecosystem function opportunities fall into two categories for this project: open space and
urban forest enhancements, and carbon impacts.

3.1.4.1 Open Space and Urban Forest Enhancements

In alignment with Trenton’s goals around expanding their urban forest and investing in green infrastructure,
the creation and reconstruction of roadways presents an opportunity for increasing street trees and
bioretention measures. The use of climate-resilient species along urban corridors outside of the park space,
as well as within the park space, can help ensure the long-term survival of these resources. Using native
trees from the original ecosystem and adjacent systems in park areas, uplands, and wetlands, can support
biodiversity. As Trenton is at the intersection of multiple historic ecosystems, species from the following
ecosystems would be appropriate: Mid-Atlantic Coastal Savannah/Inner Coastal Plain (the primary historic
ecosystem within the project area); Delaware River Terraces & Uplands; Atlantic Coastal Pine Barrens;
Appalachian/Blue-Ridge Forests; and Northeastern Coastal Forests.

A short list of sample herbaceous and forest species that could be used in parks and open spaces include:

e Bald cypress e Pignut hickory e Saltmeadow cordgrass
e Swamp tupelo e Pond cypress o Cattails

e Atlantic white cedar e American beachgrass e Annual wild rice

e Longleaf pine e Seaoats

e Black oak e Smooth cordgrass

Species selections for street tree plantings aim to maximize biodiversity and habitat values, reduce the
number of non-native/invasive species, maximize resilience in our rapidly changing climate, and to consider
adjacent site conditions to maximize long-term survivability.

The following is a short list of trees that could be planted along streets and heavily urbanized areas:

e Hawthorne varieties e  Swamp white oak e Hybrid elm

e Hackberry e Buroak e Black gum tupelo

o Kentucky coffee tree e English oak e English oak

e Osage orange o Chinkapin e American hornbeam

Maintenance procedures play a critical role in the protection of biodiversity and should include landscape
best management practices for invasive species and pest control, minimizing soil disturbances, reduced
mowing frequency to promote pollinator habitat, and strategies to ensure soils are stabilized and biologically
robust. In addition, reduction of paved surfaces in the vicinity of the Assunpink Creek may increase
infiltration, cooling of surface runoff in warm to hot seasons, and filtering prior to discharge, contributing to
water quality improvements.

.
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3.1.4.2 Carbon Impacts

While construction and landscape restoration are emissions intensive, the following sustainability practices
can help reduce or offset these impacts.

Assessing carbon sequestration potential associated with expanding the urban forest expansion, restoring
native savannah, and establishing no mow zones can help provide a full picture of the overall emissions
costs — and benefits — of the project.

Minimizing soil disturbance in planning, design, and construction supports soil health, reduces topsoil
erosion, and allows soil to function as a carbon sink. In contrast, soil disturbance releases carbon into the
atmosphere.

Material upcycling and repurposing on site, such as through repurposing the original Route 29 roadway, or
portions thereof, for bike paths or other features. Repurposing removed concrete in the park for landforms,
although this would need to be assessed for compliance with no-net fill and hazardous material regulations.

Using locally sourced and low-carbon materials in construction can reduce cost and emissions associated
with material shipments. Carbon intensive materials such as concrete and steel can be manufactured with
higher recycled content materials to help significantly lower the project’s carbon footprint.

Utilizing best management practices to maintain open spaces, green infrastructure, and the urban forest to
reduce emissions associated with mechanical equipment and maintenance vehicles.

Exploring the capacity for park amenities, as well as newly developed structures, to be powered with
renewable energy could play a role in overall sustainability. Installation of solar panels, connection to novel
geothermal systems, and use of energy-efficient streetlights could all play a role in reducing overall project-
associated emissions.

3.2 Economic and Social Opportunities

There are significant opportunities to enhance the economic and social resilience of the community through
this project.

3.2.1 Economic Opportunities

Trenton 250’s Economic Development report touts the re-envisioning of Route 29 and the restoration of the
waterfront as a critical project for Trenton’s long-term economic future, stating that “a reclaimed waterfront
will create the opportunity to develop a vibrant, mixed-use community that could offer new commercial and
residential space, and serve as a magnet for new private investment. It could also become a regional
destination as a great public space for creative patterns of use and define physical, cultural, and social
identities as the heart of Trenton.”?” The Economic Development Report notes several strategies for

27 (The City of Trenton - Division of Planning, 2017)
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strengthening Trenton’s economy through improvements to its downtown, including attracting market-rate
housing development and the retail that will follow, establishing a creative district, improving parks and
trails. Improvements to Trenton’s downtown, when implemented, are expected to attract more businesses.

In restoring access to and enjoyment of the waterfront and increasing non-automotive mobility, the project
will make downtown residential development more attractive, improve downtown’s character and potentially
help attract businesses to the region. In the short-term, project implementation will provide construction
jobs. Within the park itself, investments with a small physical footprint, discussed in greater detail under
Section 3.2.2 Social Opportunities, can support economic vitality. Additional detail on economic impacts
will be provided in the project-specific Economic Analysis Report currently under development.

3.2.2 Social Opportunities

Figure 10: Sidmouth Amphltheater — Devon County, UK This project presents a once in several
generations opportunity to strengthen the

social fabric of the community. The
restoration of Stacy Park made possible by
the relocation of Route 29 provides an
opportunity to reclaim public space that was
reduced by urban renewal. The creation of
public spaces where residents can gather,
relax, and interact can strengthen
community connectivity, sense of place,
and mental and physical well-being.
Ensuring that the restored park, including
its features and programming, reflect the
B culture, values, and priorities of the

: - SRR surrounding community is a key feature for
ensuring that residents feel welcome in the park itself, rather than displaced. Community engagement
efforts in advance of the park’s design should note that neighborhoods adjacent to the project site are
primarily Black and Hispanic. City and County sponsored park programming should reflect local cultural
heritage and needs.

3.2.2.1 Within the park

Outdoor public event spaces that host farmers markets, concerts, festivals, arts, or educational events
could provide social and cultural value without excess exacerbation of flood risk. Designing park features
that can both support the public sphere, and withstand occasional inundation, can support social and
resilience, as shown in Figure 102 and Figure 11,%° while aligning with community priorities around

28 The Sidmouth Amphitheater, designed by Jacobs. Image source: https://www.jacobs.com/projects/sidmouth-
amphitheater-flood-defenses-theatrical-twist

29 Calgary RiverWalk, designed by Stantec. Image source: https://www.calgarymilc.ca/projects/jack-and-jean-leslie-
riverwalk

.
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Figure 11: Jack and Jean Leslie RiverWalk — Calgary, Canada SuPPorting Trenton’s arts and music scene.
The extent to which the limited infrastructure

needed to host these events is permissible
under the city and state’s floodplain
regulations should be explored in depth.

Community gardens and food forests
represent low-impact land uses that provide
opportunities for outdoor learning and
collaboration. Trenton residents have also
expressed desires to expand recognition of
the Indigenous Lenni-Lenape people who
lived in Trenton for 10,000 years before
colonists arrived. Designing gardens that
replicate, narrate, and educate visitors
about the Lenape food systems could
provide historic, cultural, and recreational
value.

Narrative signage can reflect Trenton’s cultural and ecological histories. Coordinate interpretive and
educational signage with other projects along the river, namely the new park that will be under construction
to the south of the rail bridge over the Delaware River.

Expanding waterfront access via fishing wharfs and multi-modal active transportation infrastructure
(including on-road bike lanes and off-road multi-use trails) designed to flood during extreme events can
preserve access to the water, provide recreational waterfront activities, and support urban mobility.
Components of Route 29’s original infrastructure could be repurposed for these uses. The flood walls in the
project area will not be removed, so it will be important to find creative approaches to provide residents and
visitors with the opportunity to connect with the Delaware River. Living flood wall/seawall-type structures,
which enhance ecological values and provide habitat for a range of aquatic species could be installed
directly on the flood wall, improving the aesthetics of the wall and creating options for experiential education
about the unique living communities along the river.

Public art should be built into the park itself and be featured in the park’s programming. Commissioning
community-based artists to contribute murals, sculptures, ground plane, and signage can help ensure that
the park reflects the community’s culture, history, and ecological heritage, and supports Trenton’s art
scene. The Mercer County’s Division of Culture and Heritage and Artworks Trenton previous collaboration,
the “Breaking Barriers” mural, can be considered an example of how public art procurement within the park
could function.

Public amenities, such as potable water, restrooms with changing tables, urban reading rooms, accessible
seating, and shade are critical features that help ensure the park is comfortable and accessible.

3.2.2.2  Within the developed parcels
Amenities within the developed parcels can help advance community resilience. Accessible third places--

public places where people can interact, outside of their homes or work—can help support community
connectivity and social vitality. Potential third places within developed parcels could include a café,

.
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community center, cooling center, satellite public library, urban reading room, or resilience hub*—a
community-serving facility that helps residents prepare for and recover from natural hazard-related
disruptions, such as floods, power outages, and heat waves.

Given the food desert characteristics of the project site and surrounding community, using a redeveloped
parcel for a grocery store could help address a real community need—and attract park-goers in need of
picnic fixings. Additional park and recreation-oriented businesses — such as a sandwich shop or bike rental
store — could thrive with new park proximity.

30 (Urban Sustainability Directors Network, (n.d.))
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4 Summary Table of Opportunities to Improve Resilience

Table 1: Summary Table of Opportunities to Improve Resilience Sorted b

Potential Benefits

Potential Benefits

Extreme Biodiversity/
Intervention Flooding Heat Air Quality Ecosystem | Economic Social
Function
Increase vegetated water storage capacity on building sites or along
roadways, such as vegetated swales, linear tree pits and/or bioretention. Use X X X X X
flood-tolerant species.
Restore marshes and wetlands in parklands for flood storage and storm « « " «
resilience.
Reduce impervious surface within the floodplains and restore with landscape
C . X X X X X X
systems to promote storage and infiltration (if/where feasible) of stormwater.
Stabilize shorelines along Assunpink Creek with dense vegetation to reduce
o ; o X X
flood velocities and provide areas for infiltration and flood storage.
Restore and expand floodplain along Assunpink Creek. X X
Elevate buildings and critical infrastructure above the floodplain to minimize X X «
flood damage and costly restorations.
Install pervious pavement, detention tanks to store stormwater, reduce peak X X
runoff, and increase groundwater infiltration.
Upsize drainage system capacity to manage present and future precipitation «
events.
Balance distribution of stormwater throughout the municipal system. X
. 25




Resilience Analysis of Local Concept Development Route 29, Landing St. to North of Calhoun St.

Summary Table of Opportunities to Improve Resilience

Intervention

Potential Benefits

Flooding

Extreme
Heat

Air Quality

Biodiversity/
Ecosystem
Function

Economic

Social

Incorporate backwater flow prevention devices (e.g., valves, flap gates, sluice
gates) to manage water flow and reduce flooding.

Install wet and dry floodproofing measures (e.g., perimeter flood barriers, flood
doors, waterproof membranes, flood-resistant materials) to protect from flood
damage and allow for quick restoration time after a flood event.

Implement a proactive drainage system maintenance program to clear out
drainage systems ahead of forecasted storms.

Install sensor systems to monitor for water level and changing climate
conditions, to inform proactive maintenance program.

Enhance street tree and urban forest investments to shade infrastructure and
provide climactic stabilization, protecting both vulnerable active transportation
users and infrastructure assets.

Install green roofs and rainwater harvesting infrastructure on buildings to
reduce stormwater runoff and urban heat island effects.

Conduct sun and shade studies during building and landscape design
processes to increase heat reduction.

Create resiliency hubs (e.g., cooling centers) for people to take refuge during
extreme heat events.

Install cooling structures and spray pads (with user activated mechanism to
reduce energy use).

Provide shade structures in public areas and along urban corridors.
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Potential Benefits

Extreme Biodiversity/

Intervention Flooding Heat Air Quality Ecosystem | Economic Social
Function
Use high reflectivity pavements and building materials to reduce surface X «
temperatures.
Ecosystem restoration, “pocket” style. Small scale restoration of the original
ecosystem using species from ecosystems that were present prior to
development, and that are likely to thrive in a warming climate. Potential « « " «

appropriate model ecosystems include Mid-Atlantic coastal savannah,
Northeast coastal forest, Appalachian/Blue-Ridge Forest, and Atlantic coastal
pine barrens.

Open-air cultural infrastructure, such as farmer’s markets, urban reading
rooms, amphitheaters, potable water/restrooms, ball courts. Can be designed X X X X X X
to flood with limited impacts and increase water storage capacity.

Community gardens or urban agriculture. X X X

Robust bike/ped network to connect communities to the waterfront and reduce

the necessity for vehicles. X X X
Fishing wharf/public waterfront access. Floating treatment wetlands and living
seawall installations with corresponding educational programming and X «

interpretive signage, to engage the community with the unique living systems
of the Delaware River.

Installations of solar panels with gutter systems over parking lots, at bus stops,
along bike/ped transportation corridors, and on buildings/public facilities to X X X
provide electricity, shade, and stormwater interception.

Install narrative signage and commission public art reflective of Trenton’s
culture, history, and ecological context.
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Potential Benefits

Biodiversity/

identifying potential tenants for new commercial structures

Ext
Intervention Flooding ):_I:;Te Air Quality Ecosystem | Economic Social
Function
Incorporate public amenities, including drinking water fountains, restrooms
with changing tables, urban reading rooms, accessible seating, and shade into X X
park design.
Consider community needs — such as absence of grocery stores—when . x
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5 Next Steps

During the alternatives analysis phase, the project team will assess how the project options mitigate or
exacerbate environmental and community stressors. Fully understanding these impacts can include
assessing each alternative’s impact on the local drainage system, and its capacity to mitigate flooding
under model storm conditions. The iTree tool will be used to assess improvements to air quality and
urban heat island reduction, as well as carbon sequestration potential, associated with tree planting
efforts. This will support design decisions around green infrastructure, providing valuable data on tree
canopy cover, stormwater benefits, and air quality improvements. The economic analysis will also be
further developed to understand the project’s potential impact on employment, housing, and associated
tax revenue. To ensure community priorities and interests play a pivotal role in implementation, public
engagement and outreach will be used to co-design alternatives. The project team will also use these
conversations to understand how the project can best support community-level resilience.

While project alternatives have not yet been developed or assessed, the following design elements are
likely to be successful in supporting the project’s resilience goals:

e Implementing complete streets interventions throughout the project site that utilize green
infrastructure to capture stormwater, provide shade, and add visual interest to the streetscape.
These elements will improve quality-of-life, and mitigate flooding and extreme heat.

e Elevating and flood proofing structures built within regulatory flood risk areas.

e Utilizing physical infrastructure to address flooding challenges. Subgrade detention and
infiltration, upsized drainage system capacity, backwater flow prevention devices, and proactive
maintenance programs are likely to play key roles in project designs. The feasibility of infiltration
strategies is contingent on in-depth geotechnical analyses, which will be conducted at later
design stages.

¢ Designing park elements with a low physical footprint and high flood tolerance to support cultural
and economic activities, such as concerts, farmer’s markets, festivals, and recreational
programming. These adaptable design approaches are likely a good fit for the site’s challenges
and assets.

Project: Local Concept Development Route 29, Landing Street to North of

Calhoun Street
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