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Introduction

Trees provide substantial ecosystem services Iin cities, where
urban challenges like impervious surfaces, pollution, and the
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Introduction

Trees are essential to sustaining urban environments, benefiting humans
and nature alike. Trees partake in a process known as transpiration, using
hollow tubes called xylem to move water up through their trunks and to their
crown.! This absorption and release of water vapor is especially helpful for
urban environments that are mostly paved over with non-porous materials
like concrete. Such impervious surfaces require transpiration to better
mitigate stormwater runoff.? Researchers looking into the effect of
transpiration on flood risk in urban areas often look at tree canopies since
canopy interception loss from leaves catching rainwater plays a crucial role
in forest evaporation rates.® However, functional traits tend to be overlooked
iIn models evaluating the water capacity and transpiration rates of various
tree species.* This knowledge gap motivated research looking at the
relationship between the tree wood porosity and flood risk.

This study looks at the relationship between the relative abundance of
diffuse-porous trees and the flood risk of Bronx neighborhoods. We
hypothesized that neighborhoods with more diffuse-porous trees would
have lower flood risk indices than those with less diffuse-porous trees. We
utilized open-source data sets, like the NYC Street Tree Census and the
Wood Database to get information on the trees in Bronx neighborhoods, as
well as First Street to find the flood risks of each neighborhood.
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Fig 1: A comparison between the transverse Fig. 2: Diffuse-porous trees diffuse more
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pubescens (downy oak) and the any DBH compared to semi-ring porous,
diffuse-porous Quercus ilex (holm oak) to ring-porous and tracheid. Source: U.S.

show the difference in abundance, location, Department of Agriculture (2020).°
and size of pores.*

Methodology

Abstract

Trees benefit urban environments by partaking in transpiration that helps mitigate stormwater
flooding. We used open-source data to investigate the correlation between the relative
abundance of diffuse-porous trees and the flood risk of all 37 neighborhoods in the Bronx.
Open-source data was collected from the NYC Street Tree Census, First Street, and the Wood
Database. The five most prevalent tree species across each neighborhood were recorded. The
relative abundance of diffuse-porous species was then compared to the flood risk of each
neighborhood. There was little correlation between the abundance of diffuse-porous trees and
flood risk. Our results suggest that wood porosity does not affect flood risk as much as other
flood mitigation methods, such as drainage systems or canopy coverage.

Research Question & Hypothesis

Question: How does the relative abundance of diffuse porous trees correlate with the flood
risk of neighborhoods in the Bronx?

Hypothesis: Neighborhoods in New York City with a lower risk of flooding will have a higher
abundance of diffuse porous trees compared to neighborhoods with high risks of flooding.

Results & Figures

NYC Street Tree Census was used to gather raw data on the population of trees
in each Bronx neighborhood, accounting for the total number of trees as well as
the top five most common species per neighborhood.® We then referred to the
Wood Database to determine whether each species was diffuse-porous,
calculating the relative abundance by dividing the species count by the total
population.” Additionally, we determined the flood risk for each neighborhood
using flood risk modeling from First Street Solution.® Finally, we ran a regression
analysis on excel and visualized the data through a scatter plot to show the
relationship between tree abundance, wood porosity, and flood risk.
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Discussion & Conclusion

According to our results, the abundance of diffuse-porous trees is not a
primary factor in mitigating flood risk. However, these results may be due
to factors that were not considered in our study design, such as the
spatial distribution of diffuse-porous trees within each neighborhood.
Trees that are more clustered may capture greater amounts of
stormwater within that specific area compared to trees that are more
spread out. Furthermore, the data taken from the NYC Street Tree
Census was conducted in 2015, which may not accurately represent
current tree populations. Additionally, the flood risk recorded for certain
neighborhoods relied on data available for zip codes within those
neighborhoods and may not have been representative of the flood risk
for the entire neighborhood.

According to the USDA, diffuse-porous trees are often planted in areas
that have a large amount of precipitation to mitigate flood risk.>
Considering that the total annual precipitation in NYC has been
iIncreasing over the past decade, alleviating damage caused by
stormwater runoff requires urban foresters to focus on all possible
factors, including wood porosity, leaf surface coverage, and the
presence of sewage drains in cities.® Future research that looks into the
relationship between these various instruments for flood mitigation will
evidently work toward a more holistic and accurate model of the
transpiration process among trees. In turn, this improves understanding
of urban forest systems and green stormwater infrastructure.
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Introduction

Tree diversity is essential when it comes to maintaining stable
environments and ecosystems. In urban cities, increased tree diversity
leads to a greater number of ecosystem services provided.' Non-native

trees also provide similar services to native trees, but bring the added
detriment of outcompeting native species.?

Biodiversity is measured using the Shannon Weiner Diversity Index,
with a higher value indicating a more diverse community.® Previous

studies conducted indicate that cities with higher average winter
temperatures are positively correlated with higher street tree diversity

as warmer temperatures contribute to increased forest productivity.*
Similarly, smaller cities tend to have greater percentages of non-native

trees in urban parks when compared to larger cities due to preferences

in land management practices.”

In this study, the Shannon Diversity Index value and relative abundance
of non-native trees in urban parks of Boston and New York City were
evaluated. Thus, it was hypothesized that NYC will have a greater
Shannon Diversity Index value and lower percentage of non-native

trees in urban parks due to its greater size and warmer average

temperatures when compared to Boston.

Methodology

Using the Healthy Trees, Healthy | Sroup Parks Acres

Cities database, five urban parks [A B Winnisimmet Park 0.47
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and Bronx, New York. Parks in |8 B Quigley Park 0.55
Boston were selected depending NY Washington Park 0.62
on if they had at least 30 trees | B Washinighor Bark .
recorded. Nevy York City parks S —— -
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D B Carter Park 3.06

a difference of 10 trees recorded

. NY Fort Independent Playground 3.02
and  similar acreage to the : -

Boston parks. The sites were |[F B NakaRalk 32

NY Watson Gleason Playground 3.3

categorized into groups based on

acreage, and data was cleaned of  Fig1: Park Grouping Chart

redundant and unclear

observations (e.g., stumps). Then S

the Shannon Diversity Index and | g+ —  _ Y plnp.
relative abundance of non-native =1 o "
trees was calculated for each

park. Fig 2: Formula for Shannon

Diversity Index

Abstract

Biodiversity in urban tree selection enables greater resistance to disease and provides more
ecological services. This project focuses on assessing the diversity of trees in urban parks in NYC
and Boston, which is important to improving horticultural practices in urban settings. In this study,
the Shannon Diversity Index was used to measure the biodiversity of urban parks in NYC and
Boston. Additionally, the ratio between native and non-native trees in each park was measured.
Parks in Boston were selected depending on data availability in a database called Healthy Trees
Healthy Cities, while NYC parks were selected to have a similar area (in acres) to the chosen
Boston parks. The results indicate that Boston parks had a higher Shannon Diversity Index value to
their NYC counterparts. However, NYC parks had a lower percentage of non-native trees. This
research supported our hypothesis that Boston parks would have more non-native trees but failed
to support our hypothesis that NYC would have higher Shannon Diversity Index values. Our results
are in accordance with previous research that smaller cities would have more non-native trees.

Research Questions & Hypotheses

Question 1: How does Shannon Diversity measure between urban parks in New York City and
Boston?

Hypothesis 1: Measures of Shannon Diversity Index will be greater in New York urban parks
compared to urban parks in Boston.

Question 2: Do non-native trees share a greater relative abundance compared to native trees in
Boston or in New York?

Hypothesis 2: Relative abundance of non-native trees will be higher compared to native trees in
the urban parks of Boston?

Results & Figures
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Parks in Boston and New York

Boston [ New York

0.8
Fig 3: Relative abundance of

0.6 non-native trees is greater in Boston
parks compared to New York City
Gt parks.
0.0
A B C D E

Park Groups

Relative Abundance

Ko

Comparing Shannon Diversity Index VValues in Urban Parks in
Boston and New York

Boston W New York

A E C D P

Park Group

Fig 4: Shannon Diversity Index values
are greater in Boston parks compared to
New York City parks

(o]

-

Shannon Diversity Index Value

Discussion & Conclusion

Contrary to our hypothesis, the results found that New York City
parks often reported lower Shannon Diversity Index values
compared to parks in Boston. However, parks in Boston had a
higher relative abundance of non-native trees compared to New
York City parks, supporting our hypothesis. Consequently, our
findings supported previous research that smaller cities in the
Northeast have higher abundance of non-native trees # and failed
to support research that cities with warmer average winter
temperatures have increased tree diversity.®> One explanation for
our results could be that the parks in Boston have a higher relative
abundance of non-native trees due to more elm hybrids, which
were listed as non-native due to being composed of American and
European/Asian species, being present in Boston parks.

Some limitations with the study include the scarcity of tree data in
Boston compared to New York City and the lack of confirmation
for tree data, as HTHC data is conducted based on community
science efforts. Further research can be conducted evaluating
urban parks across the East Coast and the impact that weather
patterns have on tree diversity. Research can also be conducted
comparing tree diversity in urban and rural parks throughout New
York state. The findings of this study are significant as they can
lead to ecologically informed horticultural practices in New York,
Boston, and surrounding cities.
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