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Abstract: Increasing spatial-temporal data enable granular and complex investigations of cities as complex
systems. While previous studies investigated the promises of urban computing and spatial-temporal dynamics
of human mobility in the urban environment, the urban landscape’s spatial-temporal complexity is still largely
unexplored. This study overviews the origin, process, and impact of the New York City Street Trees Census,
including its data collection process, integration and analytics methods, and citizen science connecting urban
management and community engagement. Based on various limitations of current technology, the author
proposes an integrated approach with both human-led and machine-conducted data generation techniques for
urban forestry data collection and management. Reflecting on the case of NYC and other cities in the U.S., the
author discusses the current development of urban forestry data in Chinese cities. The conclusion highlights an
integrated approach’s critical contribution, which would fuse both manual and automated data collection and
bring nature, technology, and people together in cities.
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Tab. 1 A summary of all urban tree data in U.S. cities
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Urban Informatics for
Green Infrastructure:

An Integrated Approach
for Street Trees Data
Collection, Analytics, and
Citizen Science in New
York City

LAl Yuan

0 Introduction

The emergence of big data and the Internet
of Things (IoT) create new research opportunities
to investigate cities as dynamic systems through
new observation, measurement, quantification,
and analytics. Large volume, high granularity,
and better-quality data collected in the urban
environment enable us to look into cities’ spatial-
temporal attributes at various scales. Novel data
integration and analytics further unravel the complex
interactions between urban landscape and human
activity and the resultant long-term social-ecological-
economic impact. Advanced analytics and artificial
intelligence have been widely implemented in various
sub-systems of urban infrastructure. Previous
studies have widely investigated spatial-temporal
dynamics transportation, energy utility, retail, human
mobility, and other socio-economic activities in the
urban environment.

In contrast, the spatial — temporal
characteristics of urban trees are still mostly
unexplored. Data mining, integration, and analysis
on urban green infrastructure, especially trees,
are relevant new or not available in most cities.
Street trees are critical components of urban
landscape systems with ecological, environmental,
and aesthetic benefits. However, a lack of urban
tree data constrains accurate assessment and data-
driven investigation of urban forestry’s current
status. In particular, what factors (e.g., geography,

urban form, urban design, and local socioeconomic



conditions) drive urban trees’ location, and how
do such spatial patterns further shape the local
environmental condition, population health, sense
of place, and quality of life at neighborhood
scale? Digitization and analytics of urban
landscape contributes to a broader vision of
“quantifying place” for gaining a high-dimensional
understanding of places at high spatial resolution
by integrating heterogeneous data sources'’. Such
quantification can further support hyper-local
intelligence for pervasive computing applications,
which enables locational and situational awareness
through data analytics and machine learning”.

This article provides an overview of current
research and practice related digitalization of
urban trees. The introduction first describes
the background context of trees as a vital part
of urban green infrastructure, regarding their
ecological, economic, social benefits, and how new
data sources and novel analytical methods can
extend our understandings in urban forestry. The
literature review section summarizes critical aspects
that are highly relevant to street tree data research,
including previous findings on how street trees
contribute to ecological resilience, environmental
health, urban design quality, and social coherence
with a sense of community. The author overviews
urban informatics extends technical capacity and
information resources for quantitative research
for landscape design and data-driven operation
to support urban management. Citizen science as
a participatory data collection approach enriches
the digitization process of urban forestry with
additional social and educational benefits. A case
study follows, focusing on NYC Tree Census
Program in New York City. This case study
provides detailed explanations on the motivation,
plan, conduction process, and research and
applications that utilize this dataset. The discussion
summarizes the experience learned and critical
insights from NYC’s case and relevant controversies
and ongoing investigations. With considerations

regarding cities’ ecological-social-technical
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complexities, the author proposes a framework for
urban forestry data integration, collaboration, and
civic participation. This framework concludes how
new data and technology extend the understanding

of the spatial-temporal dynamics of urban forestry.

1 Literature Review
1.1 Urban Forestry as Green Infrastructure
Street trees are a vital part of urban green
infrastructure contributing to local microclimate,
environment health, a sense of place, and quality-
of-life necessitates. Ecologically, urban trees provide
long-term environmental benefits, including
greenhouse gas emission reduction, cooling effect,
and air purification to promote physical and mental
health™, Previous research proves the importance
of planting and managing street trees as a vital part
of urban green infrastructure”. Tt is estimated that
in NYC the ecological impact of urban forestry
includes stormwater mitigation (3 billion and
4 hundred million liter per year in total) and air
purification (2,200 tons of pollutants reduction
pet year in total), representing an estimated $122
million (7.97 RMB) economic benefits®”. From an
urban design aspect, trees are significant streetscape
components that create visual order and physical
buffer between motorists and pedestrian, contributing
to the quality of public space at the human scale™.
Street trees are urban landscape designed
by planners and landscape architects. The spatial
pattern of urban forestry is not only shaped by
geographical and climate factors, but determined by
urban form, planning policy, and design decisions as
well. With more granular data available, increasing
studies start to quantify and compare urban tree
patterns and ecological and environmental impact.
Previous research collected data from 58 U.S. cities
to investigate underlying drivers of urban tree
coverage across different regions. Results indicate
that within a particular city, local-scale spatial
variation of tree coverage mainly depends on
land use characteristics”™. One direct outcome of

such spatial variation is the different microclimate

conditions, especially the temperature differences
at the hyper-local scale. For example, one study
measured multiple U.S. cities’ temperature at high
spatial-temporal resolution and local trees. The
results show that different parts of a city may
experience different temperature as large as nearly
12 Celsius Degree, depending on land use and tree
canopy coverage!'”. Unfortunately, in most cases,
such patterns are neither random nor accidental
but derived by previous urban planning decisions
and landscape architecture design interventions.
The spatial disparity of trees raises questions
on planning decisions and deeper issues such as
environmental justice and underlying urban design
biases. In the U.S. cities, such spatial variation
often reflects environmental justice issues shaped
by policy, planning, and design biases through
urban development history. Recent research reveals
the underlying connections between ambient air
pollution exposure, land use, street trees coverage,
and long-term health differences among vulnerable
population including immigrants, ethnic minorities,
and low-income communities' "',

The spatial, temporal, and typological variation
of urban forestry’s impact even brings more
complexities and controversies. Traditionally, street
trees are considered valuable public amenities that
create positive environmental effects and impact
local population health by cleaning the air and
promoting an active lifestyle with more walking and
physical exercises. However, some studies question
whether urban forestry always brings positive
impacts to the local environment, considering
street trees as significant sources of pollen in cities.
In NYC, a previous study monitored tree pollen at
45 sites during the pollen season in 2013. Results
indicate that tree canopy cover with 500 meters
radial zone explained 39% local pollen exposure
variation”, Separate research in NYC also prove
a statistically significant relationship between local
tree pollen exposure (0.25 km radius) and risk
of developing allergic sensitization in the youth

populationm. Not just in NYC, different groups
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of researchers conducted separate investigations
in multiple cities in North America, and find out
certain tree species may exacerbate allergic reactions
to pollen with increased risk of asthma™'. All the
above-unsolved questions and controversies require
better data and more robust analytics to unpack the
complicated relationship between people, ecology,
and built environment in cities.

1.2 Urban Informatics

Recent technological development in remote
sensing, the Internet of Things (IoT), computer
vision, big data, and machine learning has created
novel data sources and untapped new research
opportunities for cities’ scientific research. In a
discussion of smart cities, Ratti summarized three
critical components of the information flows in
urban systems: instrumentation, analytics, and
actuators' . Instrumentation refers to the capacity
(as well as the process) of acquiring new-real-time
and real-world data from physical sensors, virtual
participations, or human-computer interactions™”
In cities, analytics refers to the (big) data analysis,
modeling, simulation, and visualization for urban
problem-solving, often emphasizing application and
decision-making. Equivalent to the popular term
“business analytics” that focuses on leveraging data
for investment optimizations and business operations,
urban analytics utilizes data for policy, decisions, and
operation relevant to urban governance, planning,
design, development, and management. Actuators
refer to the physical or digital components (e.g, an
automated power switch) in charge of execution
according to the instrumented sensors. Such
intelligence systems often refer as the “sensor and
actuator networks” in smart cities.

Conventionally, the generation of urban
forestry data relies on satellite imagery data or
remote sensing, such as mapping street trees
location via hyperspectral and lidar technology.
For example, a previous study utilized combined
top-view hyperspectral imagery data and high-
resolution LiDAR data to map trees’ location

and species in Santa Barbara, California, U.S.!".
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Increasing data from or street-level imagery data
enable more sophisticated image detection/
classification techniques using computer vision. For
example, Seiferling et al. used a computer vision
algorithm to quantify how “green” in street-level
images (Google Street Views) as a proxy of tree
cover in cities™. These new methods mimic the
identification of trees in the urban environment
from a human perspective. Recent research proves
promising application of such technology as well
as current constraints. For example, one study
explored possible automated detection utilizing
deep learning in five cities of California, USAP!,
Although the preliminary results indicate a low
accuracy rate (38%) to correctly identify the
documented trees’ geo-location, this exploration
tested an algorithm to process alternative data
(e.g., satellite images or street views) to update the
existing urban trees database automatically.

Utban informatics is an emerging transdisciplinary
field that investigates and implements innovative
solutions at the intersections of people, places, and
technology . New technology also inspired new
research investigations relevant to the urban
landscape and green infrastructure. From a technical
aspect, urban informatics investigates urban
phenomena through quantitative and computational
approaches involving data collection, mining,
integration, analytics, and applications™. “Open
Data” refer datasets that are publicly available for
use and distribution without restrictions regarding

[24] In

privacy, confidentiality, or security concerns
2012, NYC passed Local Law 11 of 2012 (often
known as the “Open Data Law”) that requires
city agencies to make administrative data publicly
available through a common digital portal known as
NYC Open Data™. Each agency collects, manages,
and publishes a digital inventory of the physical
component of urban infrastructure systems
and public assets, including land use, buildings,
street network, street trees, and transit facilities.
While city open data intend to promote more

transparent governance, digital entrepreneurship,

and civic engagement, it has been mostly top-
down, led by the city agencies publishing public-
accessible records involving public services,
policy administration, and business operation. To
fulfill the purpose of city open data, bottom-up
efforts from citizen science projects are critical for
supporting, complementing, and eventually leading
some data collection decisions.

1.3 Citizen Science

In addition to remote sensing or computer vision
technology, data collection based on a crowdsourcing
process starts to gain popularity in cities. While
urban data mining through sensing technology and
artificial intelligence are widely explored, it is crucial
to consider the feasibility and reliability during data
collection. Mostly, information systems and data
management streams for urban trees involve both
human engagement and automation utilizing machine
learning, Several reasons make human participation
necessary in the urban landscape digitization process.
Considering the limitations above, solely relying on
automated data collection is neither feasible nor
desirable due to its low accuracy. One study reviews
the street tree data collection in multiple cities in U.S.
and Sweden and concludes that with a 6-hour training
session, volunteer participates were able to report tree
genera and species quite accurately, with an accuracy
tate of 90.7% and 84.6%". This study also finds that
Acer, Aesculus, Crataegus, Gleditsia, Platanus, and
Tilia report the highest reporting accuracy among
all common tree genera in selected cities. Thus, local
residents’ involvement as a part of human input
contributes to further inspecting, validating existing
databases.

Besides a purely technical perspective, such
engagement processes could serve as a part of public
education to build a sense of community with social
benefits. Citizen science is a process that general public
and residents participate in scientific research or pilot
projects for advancing scientific knowledge, providing
local experience and feedback to the researchers, as well
as constructing robust synergy between the city agency,

research institutions, stakeholders, and community



members”. Potentially, citizen science projects
in street trees can cultivate a sense of community
and citizen empowerment involving urban green
infrastructure and community resilience. However,
the historical records on urban forestry projects
indicate the participates are predominately middle-class
population with relatively higher education attainment
and income™. Such imbalanced involvement raises
equity issues, especially considering the historical spatial
injustice embedded in previous zoning regulations,
homeownership policy, and planning decisions. For
environmental justice, cities need to proactively engage
underrepresented or disadvantaged communities for
more meaningful participation in planning and design

decision-making process in their neighborhoods®”.

2 Case Study: Urban Trees Data in
New York City
New York City (NYC) is the most populous

city in the U.S. and one of the largest global
cities. The City includes five boroughs, including
Manhattan, Brooklyn, Queens, the Bronx, and
State Island, with over a total of 8.3 million people.
Thanks to its built density, street grids, and public
transit network, NYC is often ranked as one of
the most walkable North American cities. The City
has been pioneering in urban planning and design
practices to promote more sustainable, healthy, and
equitable urban living. The City has a legacy of
urban forestry, especially the grassroot, community-
led tree planting movement for more equitable and
better quality-of-life in minority and marginalized
neighborhood since 1970s"". In 2007, the NYC
Department of Parks and Recreation launched
MillionTressNYC, a citywide long-term program
aiming to plant 1 million trees in five boroughs.
With supports from the community-based
organizations, local partners, and approximate
50,000 citizens and volunteers, the City achieved
this goal in 2015 "' The triumphant story of
MillionTressNYC becomes one of the best
practices in urban forestry and landscape urbanism.

Meanwhile, NYC is also a pioneer in collecting and
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utilizing open data for applied urban science and
analytics. In 2012, the city signed a local law 11
(often referred to as “open data law”) to increase
the transparency, accountability, and accessibility
of city-data. The city has launched OpenNYC,
an urban open data portal for citizens to view,
explore, and download public city datasets through
this website. By the end of 2019, OpenNYC has
published and managed 2,167 datasets that related
to the buildings, transportation, utility infrastructure,
environment, neighborhood and housing,
population, and socio-economic activities ™

NYC launched its first tree census in 1995.
Similar to the population census, the City conducts
a survey and update its tree inventory decennially.
During the third tree census conducted in 2015,
the NYC Department of Parks and Recreation
implemented a mobile crowdsourcing application for
tree census for the first-time (“TreeKIT”). Typical
participation includes an online tutorial, an on-site
training tour with a professional staff, and an on-site
tree survey process. The program also provides each
volunteer (named as “citizen scientist” by the City)
a toolkit with various tools, including a measuring
wheel and a tape measure for measuring the location
and standard circumference of the trees, and a tree
identification guide for reporting the tree species’™.
Since its first launch, the program took one year for
the City to collect, clean, organize and validate the
data collected from the tree counting program. The
initial data collection identified 666,134 street trees,
including 225,595 trees mapped and digitized by
more than 2000 residents through this participatory
process™. Fig. 1 visualized all documented trees
within the 2015 NYC Tree Census, with different
colors by species and parkland area in grey.

By 2016, the NYC TreesCount! project
completed along with thousands of local citizens’
contributions. The final Tree Census mapped
692,892 street trees and digitized them into the
census database with 233 species identified™. A
data inspection of tree census data quality concludes

that citizen-led data collection has approximate

97% accuracy comparing to a professionally-
trained arborists”. The City shares the final tree
census data by publishing a website (“NYC Street
Tree Map”) with interactive data visualization and
citywide statistical summary of street trees across
five boroughs™ (Fig. 2). A website visitor can select
specific districts to zoom in for more detailed street
tree information such as geolocation, species, and
size (by trunk diameter). The search window allows
a user to learn about street trees around the specific
street address. Besides, website visitors can register
as regular users to monitor specific trees, mostly
near their home location. It estimates that by May
2017, the NYC Street Tree Map has supported
more than 10,000 activities involving specific tree
maintenance, census data update, and other urban
ecological monitoring programs'™’.

In June 2016, the NYC Department of Parks
and Recreation further organization TreesCount!
Data Jam in the same year to promote this data
advocacy and outreach for private, public, non-
profit, and educational organizations for data
partnerships. Sponsors of this event include NYC
Mayor’s Office of Tech and Innovation, NYC
OpenData, Microsoft, CartoDB (now rebranded as
CARTO), Civic Hall, and BetaNYC, a non-profit
organization advocating urban technology advocacy
and civic digital participation in NYC. According
to the organizer, this one-day event aims to tackle
the following five questions, including: 1) urban
forestry change through time between 1995, 2005,
and 2015; 2) novel data visualization of NYC street
tree census for public education; 3) investigate
underlying relationships between street trees and
other environmental or socioeconomic factors;
4) create potential applications of tree data for
urban sustainability and green infrastructure
management; and 5) explore the better practice and
use cases for community stewardship and public
engagement with urban forestry"”

The crowdsourcing process for the 2015 NYC
Tree Census takes more than one year, and the entire

program even takes much longer when taking into
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account preparation and post-release promotion
events. As mentioned in the literature review, recent
new data and artificial intelligence enable rapid
urban data collection from street view images. Such
innovative methods have also been tested in NYC for
an automated street tree data collection. For example,
a research team developed a tree detection algorithm
utilizing 336,998 images collected from Google Street
View (GSV) in NYCP. Using a multi-step image
segmentation and classification method, the team
classified various street objects based on street view
image pixels. Validation with the tree canopy data
proves a moderate accuracy (R value = 0.7) at the
block or community district level. Systemic errors are
due to some data quality issues derived from GSV
images, including the overlapping trees and buildings,
tree shadows, and underexposure or overexposure.
Besides the technical uncertainties, a lack of human
engagement constrains additional social benefit of
community engagement throughout the process of
urban data collection. Nonetheless, this novel street
tree detection method is complementary to the tree
census, providing unique value for rapid and scalable
urban forestry data collection.

Street tree data create prolonged values for
day-to-day urban green infrastructure management
and provides a new data source for research
related to urban planning, landscape architecture,
ecology, and environmental sustainability, and
public health. One recent study conducted by the
author investigated the underlying spatial impact
of street tree density and species to respiratory
health, especially relationships between the
prevalence of asthma hospitalization and allergic
tree pollen exposure”™. Although urban trees’
ecological, environmental, and aesthetic benefits
have been widely investigated, how specific location
and species of trees may have localized health
effects is still less explored. Thus, this study first
integrates a wide range of city open data to quantify
localized air quality (measure by PM,; density),
respiratory disease prevalence (measured by ZIP

code level asthma hospitalization rate), land use,
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housing conditions, neighborhood demographic
characteristics, along with local street trees density
and pollen allergen severity classified by tree
species. The geographically weighted multivariate
regression model’s results reveal a significant spatial
disparity of respiratory health driven by complex
environmental, built (indoor housing condition), and
socioeconomic factors. The regression model also
indicates that the concentration of tree species with
severe allergenic pollen may increase local asthma
prevalence, especially in vulnerable populations.
While conventional studies focus on urban
forestry’s environmental and ecological contribution,
a novel aspect of urban green infrastructure research
explores human activities as societal behaviors
interacting with street trees. Such citizen engagement
with street trees demonstrates spatial and temporal
patterns as well. NYC operates a city hotline,
NYC311, for responding non-emergency service
requests”™. Tn 2019, the city reports approximate
44 million citizen interactions with NYC311 in one
year, reporting complaints or requests that relate
to neighborhood environment, public safety, noise,
and other quality-of-life conditions™”. Multiple
service categories are associated with street trees,
such as reporting damaged or dead trees, calling
for pruning services, or requesting for new trees
at a specific location. Such service data provide
an additional digital trace of citizens’ engagement
with the local community environment and public
attention to NYC’s urban forestry. For example,
the author extracted all local requests for new trees
from more than 22 million (n=22,131,777) service
requests reported in recent ten years (2010—2020).
Fig. 3 is a time-series data visualization of monthly-
aggregated service calls requesting news trees in four
major boroughs, including Manhattan, Brooklyn, the
Bronx, and Queens. The x-axis represents time by
months, and the y-axis represents the monthly total
number of requests. As this fig. shows, the temporal
patterns service calls, as the digital representation of
collective social behavior, reveals the seasonality of

citizens’ engagement with urban forestry. Monthly

patterns of service requests demonstrate similar
temporal patterns in different boroughs, especially in
Brooklyn and Bronx. Annually, the city receives most
service requests around May and the least requests
in February. One assumption is that residents spent
the most time outdoor leisure activity or gardening
during May, generating the greatest public attention
on urban forestry maintenance ace and expansion.
However, due to stuff logistics and work preparation,
the department scheduled two planting seasons
as March-May, and October-December 1, This
indicates that residents who have requested new trees
during the peak season may wait for half-year to
complete this service request.

Novel data integration among street tree census
and other city open data provides additional insights
into a neighborhood’s physical, environmental, and
social aspects at high spatial resolution. Fig. 4-1
highlights Mott Haven, a low-income neighborhood
in South Bronx. In 2015, the NYC Department
of Health conducted a citywide population health
survey among all 59 neighborhood districts and
summarized the research report as NYC Community
Health Profiles. The report identified that Mott
Haven as the neighborhood with the highest asthma
hospitalization rate (highest among children and the
third-highest among adults)"™. Previous investigations
in this specific neighborhood find out residents face
more than 66% likelihood in asthma hospitalization,
possibly due to the approximation to noxious land

[43]
usc areas

. While the local ambient air quality close
to industrial or toxic land uses is a critical issue,
our study reveals another potential cause — pollen
allergen exposure. Using data mining and integration,
the author classifies pollen allergenicity (i.e., the
severity of tree pollen causing raspatory reactions
such as asthma) at individual tree level and map street
trees based on allergenicity. As Fig, 4-2 shown, most
street trees are classified as highly allergenic, making
this neighborhood one of the pollen hotspots in
NYC. Fig, 4-3~4-4 visualize residents reporting dead
trees or overgrown trees (for pruning) according to

NYC 311 service requests data.



3 Discussion

Urban street tree data demonstrate that cities
as complex social-technical-ecological systems
involve nature, built environment, technology, and
socioeconomic dynamics. As the literature review
summarized the strengths and weaknesses in different
approaches, we consider that neither human-led
crowdsourcing nor A.L based data collection can
serve the full purpose of urban tree data collection.
For example, tree counting based on canopy
detection using high-resolution aerial imagery data
or remote-sensing data (e.g., LIDAR) can be easily
implemented at a large regional scale. However, there
is a lack of human-scale and low accuracy for pin-
pointing trees based on their specific geo-location.
In contrast, human-led collection reports data at
the high spatial resolution, but it is labor and time-
intensive, lacking data quality control, especially when
engaging the general public through a participatory
crowdsourcing process.

We propose a fusion of human-led and
machine-lead data generation of urban trees for
cities regarding the aforementioned pros and cons
related to a different technology. First, a baseline data
collection on tree canopy can be conducted using
automated aerial imagery data or LiDAR data. This
initial data collection enables cities to capture the tree
canopy and urban forestry clusters” general pattern.
Further, the baseline data can be improved with
data collected from object detection with computer
visions from street view images. This process
can further identify specific tree trunk locations,
especially in urban areas with extremely high building
density. Then, geo-tagged information can be
further enriched through a crowdsourcing process
similar to the NYC Tree Census, with additional
community engagement components. Finally, a web-
or mobile-based data portal with visualization and
other applications can be published for the public
education and other social benefits. Such a residents-
facing digital tool plays a crucial role in making
the data “live” with updates from local residents,

community groups, and public service providers.
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A recent research on data integration for urban
health, the author identified essential principles to
succeed in a data project, including methodological
clarity, social and ethical awareness, inter-agency
coordination, transdisciplinary collaboration, and
sustainable partnerships™. Such principles also
apply to urban forestry data management. NYC
Street Tree Census project is successful thanks to
a long-term commitment to invest in urban data
infrastructure, engage with the local community for
meaningful participation, and promote extended
use cases and research after releasing the data. Fig.
5 illustrates a high-level framework that integrates
data, computation, environment, citizens, and city
management as a connected, holistic system. Such a
system connects the information feedback loop with
data collection, analytics, civic product, user feedback
as new input to inform planning, design, and policy-
related decisions.

The inner connections enable three critical
information feedback loops as physical-social,
cyber- and cyber-social connections in cities.
Traditionally, urban design, architecture, and
landscape architecture research have extensively
investigated how physical configuration of urban
form, streetscape, and public space shape collective
social behavior and population wellness (i.e.,
physical-social connection). Some well-known
research include studies conducted by William H.
Whyte and Jan Gehl, who investigated the interplay
between physical space and human behavior.
Physical-cyber connections represent how digital
information represents and augment physical
planning, design, and operation in reality.

This type of connection primarily refers to
smart city technology for decision-support systems,
data-driven operation, and automated control
physical environment. Cyber-social connections
refer to the dynamic interactions among data
and technology with people and communities.
In particular, how to positively aid social benefits
while minimizing underlying adverse effects when

utilizing information technology and artificial

intelligence for human-intensive services involving
education, safety, health, and other social aspects.
At a user level, practical tools or applications can
provide useful information to support people’s
daily lives and, hopefully, get feedback and new
data input through such user-machine interactions.
For example, currently, there is no high-resolution
data on asthma patients (e.g., asthma cases with
patients’ location and time), which creates barriers
for further validating some health-related spatial
analysis at a more granular scale. Thus, future
research will explore how participatory sensing
and public engagement can serve as part of
ground-truth validation and user-based data input
on population health. Ultimately, such iterative
analytical cycles will support sustainable urban data
management and holistic citizen science.

The story of the NYC Street Tree Census
is not a single case in the U.S. As Tab. 1 shown,
many other cities, including San Francisco, Los
Angeles, Seattle, Denver, Boston, and Chicago,
have conducted similar projects to collect street
trees data™. While many cities started to invest
data collection on street trees, these efforts are
often siloed and solely determined by specific city
agencies without a generalizable data standard
specifying common variable and spatial resolution.
The datasets’ volume varies depending on the
size of the city and urban forestry coverage based
on local geography and climate condition. Urban
tree data are collected and managed by different
departmental agencies in cities, ranging from the
Department of Parks and Recreation, Department
of Transportation to the Department of Public
Works. Such differences in data standards and
format inevitably create constraints for greater
data integration efforts and cross-city information
exchange protocols™. Such cross-cities practice
does not just limit to data collection but also
involves developing and deploying technology for
civic purpose and the public good. Besides data
visualization and analytics, the urban tree census

provides unique opportunities for testing civic

29



| |
IIII ME[iili Landscape Architecture  2021/01

technology implementation in different cities.
The novel technology deployment must continue
the pilot project’s success and extend the scope
by testing and deploying in other cities. Since the
success of the NYC Tree Census, the developer
of TreeKIT has been actively deploying similar
technology and product in other cities worldwide,
including Boston, Havana, Shenzhen, and
Albuquerque™.

Reflecting on China’s cities, urban forestry
plays a critical role in alleviating air pollution
and heat island effects. In 2015, The Nature
Conservancy, in a partnership with the C40 Cities
Climate Leadership Group, conducted research on
the environmental, social, and economic benefits
of urban trees in global cities"”. This report
provides two insights that are highly relevant to
Chinese cities. First, a comparative estimation of
the return on investment (ROI) of tree planting
in cities worldwide indicates a much higher ROI
for tree planning in Chinese cities. Second, the
report highlights the importance of targeting
urban forestry at the high spatial resolution to
ensure planting trees in the right places to benefit
the most-needed population. While previous
studies using remote sensing or satellite images
to discover urban forestry’s spatial patterns and
its changes in nine major Chinese cities using
ALOS (Advanced Land Observation Satellite)
and SPOT-5 (Systeme Probatoire d’Observation
de la Terre) datal”] citywide geo-tagged trees
data is not yet publicly available in most cities
in China. A lack of urban forestry data at high
spatial resolution create constrain for conducting
scientific research and applied analytics at an urban
scale. The environmental and ecological impact of
urban trees is still limited within a selected study
area or a specific neighborhood. For example,
recent research measured airborne particulate
matter mitigation effectiveness by different tree
species, based on data collected within an enclosed
campus site (in Beijing Forestry University)™.

An alternative approach is to adopt a randomized
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spatial sampling technique in the city area. One
study focusing on carbon storage of street trees
in Beijing, as another example, uses a stratified
random sampling technique based on the road
networks and collects 2040 street trees in 12
species'™. While these studies conducted research
propetly with valid methods and analysis, a lack of
city-scale data constrains extending the work scope.
Citywide trees census will significantly support
the above studies with scaled-up spatial analysis
and model validation. Thus, a comprehensive and
high-quality city open data is essential for scaling
up research from a site-specific study into “urban
science” as more extensive investigations with
broader impact. Recent research also explored
the feasibility of measuring urban forestry using
over 1 million street view images from Tencent
Street View in 245 major cities in China™. The
results prove that street view image classification
is a feasible and scalable method for rapid urban
forestry data collection and analytics. Like the
NYC case mentioned above, the tree detection
algorithm using street view images is most likely
to be a complementary approach to integrate with
citizen-led tree data collection regarding the social
benefit of the urban data crowdsourcing program.
The special role of human engagement in urban
data collection process resonates with the proposed

integration framework (Fig. 5) as well.

4 Conclusion

Urban landscape dynamically evolves with
complex interplays among nature, humans, and
machines. Georges Descombes, a Swiss landscape
architect, and design theorist describes that
“landscape is never finished or completed, like a can
of preserves; it is an accumulation of events and
stories, a continuously unfolding inheritance.””"!
Digitizing the urban landscape involves a
complicated process and requires quantitative,
qualitative, and design expertise. Such a process

will and shall not be solely relied on human

labor nor entirely by A.I. automation. This

article provides an extensive overview of recent
technological innovations for collecting and
analyzing urban forestry data. Using the NYC Street
Tree Census as an example, the author describes
the motivation, process, and results from one of
the largest participatory urban forestry projects
in the US. A descriptive data analysis integrating
with NYC 311 service request data reveals
the complex environmental and social factors
involving neighborhood population health and city
operations.

The multi-faceted social-ecological-
technical dynamics in urban forestry require a
transdisciplinary view on urban systems and an
integrated approach that connects information
science, urban planning, city management, and
community engagement. Due to the vast scope of
urban forestry and complexities mentioned above,
urban tree data collection should not solely rely
on manual surveys or automated detection entirely
conducted by the machine. The participatory
nature of crowdsourcing data collection and citizen
science projects brings social and educational
benefits, raises digital awareness, and makes big
data tangible and usable for the general public.
Such efforts eventually connect nature, technology,
and people in cities and contribute to holistic urban

science.
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data and Parks and Open Space data provided by the
City of New York Department of Parks and Recreation;
Fig. 2 © the NYC Department on NYC Street Tree Map,
retrieved from https://tree-map.nycgovparks.org; Fig. 3 ©
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