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Findings

We investigated the spatial shade patterns of trees and buildings on sidewalks
and bike lanes in Cambridge, Massachusetts. We used Lidar data and 3D
modeling to analyze the spatial and temporal shade distribution across the City.
Our analysis shows significant shade variations throughout the City. Western
city areas receive more shade from trees, and the eastern regions receive more
shade from buildings. The City’s northern areas lack shade, but natural and
built sources of shade can improve shade coverage integration. This study’s
findings help identify shade coverage gaps, which have implications for urban

planning and design for more heat-resilient cities.

1. Questions

Climate change is getting worse across North America and amplifying the
urban heat island effect in cities. This intensification has long-term
consequences, which affect public health, energy consumption, and life
quality in urban areas (Iungman et al. 2023; Park et al. 2023; Ren et al. 2022).
Urban planners are increasingly concentrating on designing cities that can
effectively manage heat stress while exploring green strategies to tackle these
challenges (Flohr et al. 2023; Heris, Muller, and Wilson 2019; Marando et
al. 2022; Yang and Yoon 2020). In this context, Cambridge is investigating
ways to enhance shade along public transit routes, sidewalks, and bike lanes
to create cooler environments during the summer.

Trees and buildings create dynamic shadows in urban areas. Trees reduce
direct sunlight exposure and lower surface temperature (Dadashpoor,
Khaleghinia, and Shabrang 2024; Rahman et al. 2020; Zhao, Wentz, and
Murray 2017). Buildings with proper design can give us essential shade and
limit heat absorption, which leads to increased pedestrian comfort (Lu et
al. 2022). Strategic placement and design of trees and buildings can create
a cooling effect that saves energy and enhances resident comfort (Lu et al.
2022). For example, the ‘Cool Corridors’ program in Phoenix, Arizona, is
designed to enhance thermal comfort and make walking more comfortable by
adding shade to main pedestrian routes. It shows how shade studies can be
used in extreme climates (City of Phoenix 2016).
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Shading dynamics in cities are complicated because they depend on how
micro-level elements like buildings interact with macro-level environmental
factors (Lu et al. 2022). Measuring shade becomes even more complex when
urban canopies, like trees, interact with buildings at multiple scales. Few
studies have explored the combined shade cover provided by trees and
buildings in cities, and this is often because of high costs and logistical
challenges (Berry, Livesley, and Aye 2013; Lu et al. 2022; Park, Guldmann,
and Liu 2021). Most studies concentrate on individual trees or buildings,
which neglect the larger urban environment (Armson, Stringer, and Ennos
2012; Zhao, Wentz, and Murray 2017; Zheng et al. 2020). Consistent
methods are necessary to see how shade coverage changes over time in the
environment (Lu et al. 2022; Yu et al. 2020). These changes are essential to
inform urban planning and design policies for heat mitigation and outdoor
thermal comfort (OTC). This study measures how shade coverage of trees
and buildings is distributed in Cambridge, Massachusetts. We used Lidar

'data and 3D modeling to provide a comprehensive methodology that covers
both temporal and spatial analysis for practical urban planning goals.

2. Methods

We adopted a detailed, multi-phase approach to evaluate the shade coverage
from trees and buildings in ArcGIS Pro. First, we acquired LiDAR data from
the USGS and created a Digital Elevation Model (DEM) from the LAS data
format, concentrating exclusively on ground classification points with “Last
of Many” and “Single” return values.

Next, we processed the LAS data into distinct layers of trees and buildings.
We used mid- and high-vegetation classification codes with “First of Many”
and “1” return values for trees. For buildings, we applied the building
classification codes. We then made trees and buildings models by using the
LAS Building Multipatch2 tool, where we included tree canopy polygons as
well as the adjusted DEM raster for trees and building footprint polygons and
DEM raster for buildings with 1-meter simplification tolerance to enhance
precision and performance of the model.

We used the Sun Shadow Frequency ’tool to measure how much shade trees
and buildings provided on June 30th from 12 to 5 pm. To get highly detailed
and reliable results, we ran a high-resolution analysis with a 1-foot cell size
for each output. The raster outputs of shadow frequency were converted into
polygons, and areas without shadow were excluded to generate meaningful
shadow polygons for each hour.

1 Light Detection and Ranging method that uses light to measure ranges to the earth.
2 A tool that converts LIDAR points into 3D shapes.

3 An ArcGIS Pro tool to simulate solar angles and object heights for hourly shade calculations.
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Figure 1. Shaded and Unshaded Sidewalks in the City of Cambridge

Additionally, we computed the shade coverage of buildings and trees along
the City’s major corridor for sidewalks and bike lanes. We measured the
extent of shaded sidewalks and bike paths throughout every hourly interval
(12 to 5 pm).

3. Findings

Our analysis of shade coverage in Cambridge revealed significant spatial
variations provided by buildings and tree canopies. We focused on sidewalks
and bike lanes during peak sun hours (12-3 pm and 12-5 pm).

Sidewalks in the eastern and western parts of Cambridge receive more shade
than other areas of the city during peak sunlight hours (Figure 1). Tree
canopy coverage in the City’s western areas reaches over 65% between 12 pm
and 5 pm, which is significantly higher than the 35% coverage found in the
eastern and northern parts (Figure 2A). Building shade coverage was generally
less than 35%, except in the eastern region, where it was higher (Figure 2B).
Sidewalks in the eastern and western areas of the City have an average shade

coverage of more than 80%, while northern routes have less than 80% (Figure
3A).

Bike lanes in the western part of the City receive more than 65% shade from
trees, while those in the central and eastern parts receive less (Figure 2C).
Building shade coverage in bike lanes is typically less than 35% throughout
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Figure 2. Shade coverage of trees and buildings from 12 to 5 pm

A: Shade coverage of trees on sidewalks B: Shade coverage of buildings on sidewalks C: Shade coverage of trees in bike lanes D: Shade

coverage of buildings in bike lanes

the City (Figure 2D). Central bike lanes have more than 35% shade coverage,
outperforming border areas with less than 35% (Figure 3B). The south and
west sides of bike lanes generally have better shade coverage than the north
and east sides.

Major sidewalk and bike lane corridors often exceed 50% shade coverage. The
south side of these corridors tends to have more shade than the north, and the
west side more than the east (Figures 3C and 3D). Major bike lane corridors
typically have shade coverage ranging from 65% to 80%, southern corridors
between 50% and 80%, and northern and eastern corridors often below 50%

(Figure 3D).

During peak sun hours, tree canopy coverage in the western and eastern
regions mitigates urban heat island effects and enhances thermal comfort for
pedestrians. The contrast between the east and west-shaded areas by trees and
buildings and the sun-exposed streets elsewhere, especially north of the City,
highlights the need for a balance between natural and built environments.
There is a pressing need for coordinated efforts to green the area. Evaluations
of bike lanes reveal that certain routes in the western and eastern parts of the
City benefit from more tree shade, creating a more comfortable environment
for cyclists and encouraging sustainable transportation. However, shade
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Figure 3. Shade coverage of buildings and trees in Cambridge, MA

A: Six Hours of Shade Coverage on Sidewalks B: Six Hours of Shade Coverage in Bike Lanes C: Six Hours of Shade Coverage on
Sidewalks of Major Corridors D: Six Hours of Shade Coverage in Bike lanes of Major Corridors.

coverage in bike lanes is limited in the central and eastern areas. To mitigate
heat stress, we require more shade resources to develop integrated routes that
effectively combine the shade from trees and buildings. The city can address
shade disparities by prioritizing initiatives like tree planting, green roofs
through planning tools like zoning, land use regulation, design guidelines,
and building codes. These nature-based solutions will help ensure equitable
shade distribution across the City. They also enhance resilience to climate
change and provide long-term socioeconomic and health benefits. While this
study focuses on peak summer shade, future research analyzing seasonal
variations or diurnal patterns would better inform year-round heat mitigation
strategies. Additionally, Combining LiDAR data with field thermal

validation improves accuracy and ensures reliable urban heat management.
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