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Executive Summary

Cities that are growing at a fast pace are
notable entities of innovation and city
development. As population keeps growing in
urban settings, the need to understand urban
climates has awakened much interest and
discussion among our society. Due to
urbanization, land surface temperatures are
intensifying with much warmer temperatures
than surrounding areas, making cities
experience the Urban Heat Island
phenomenon.

This unit plan called “Urban Surface

Temperatures and the Urban Heat Island Effects® has the purpose to educate students how
climate is changing in urban settings and produce mitigation solutions for city environmental
concerns through the use of groundbreaking technology and authentic science learning
experiences.

Students are exposed to real-world scientific experiences like the exploration of climate
simulation models, global temperature profiles and climate change evidence analysis during
the first lesson. Later, they learn about remote sensing and investigate instruments on climate
satellites. Students are exposed to remote sensing imagery analysis and dive into the Urban
Heat Island effects on the third lesson. Subsequently, they are immersed into land surface
temperature data collection, analysis and review a scientific journal. The unit concludes by
having students create a physical model that promotes the concept of the Urban Heat Island
and mitigation factors to include human action towards climate in urban settings.

This unit plan has been created for high school students in an Earth Science class or related
subject. It has been aligned with science standards from the Next Generation of Science
Standards as well as the New York State Earth Science Standards and the Common Core
State Standards. Furthermore, this curriculum has been aligned with NASA’s mission, vision
and STEM resources to enhance scientific understanding of Earth as a system and its
response towards natural and human-induced changes in order to improve our ability to
predict climate, weather and natural hazards.

By the end of this unit plan comprised of four lessons and a capstone project, students will
have a better understanding of the Urban Heat Island phenomenon and its recent and future
effects on major cities around the world. In addition, students will have a better understanding
of climate and remote sensing as the process to study climate-related issues, such as land
surface temperatures.

Keywords:

Climate, Urban Heat Island, land surface temperature, remote sensing, climate change,
climate variability, Earth science, greenhouse effects
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[ll. NGSS and Common Core Alignment

Grade Band

Unit Duration

Sphere

Phenomena

NGSS Disciplinary
Core Ideas

NGSS Science and
Engineering
Practices

NGSS Crosscutting
Concepts

Supported NGSS
Performance
Expectations

Supported
Common Core ELA

Supported

Common Core Math

11" to 12" grade students

This unit plan has a duration of approximately 2 weeks, although it can
be extended or modified in time based on classroom and students’
needs. It includes 4 lessons and one capstone project towards the end.

Atmosphere, Hydrosphere, Biosphere, Geosphere, Earth as a system

Land Surface Temperature
Earth Materials

Urban Heat Island

Flow of Energy and Matter

ESS2A: Earth Materials and Systems
ESS2D: Weather and Climate

ESS3D: Global Climate Change
ETS1.B: Developing Possible Solutions

Patterns

Cause and Effect

Analyzing and Interpreting Data

Science Addresses Questions About the Natural and Material World

(HSESS3-3) Change and rates of change can be quantified and
modeled over very short or very long periods of time. Some system
changes are irreversible.

(HS-ETS1-3) Evaluate a solution to a complex real-world problem,
based on scientific knowledge, student-generated sources of evidence,
prioritized criteria, and tradeoff considerations.

ESS2: Earth’s Systems
ESS3: Earth and Human Activity

CCSS.ELA-LITERACY.RL.11-12.1 Cite strong and thorough textual
evidence to support analysis of what the text says explicitly as well as
inferences drawn from the text, including determining where the text
leaves matters uncertain.

11-12.RST.7 Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g., quantitative data, video,
multimedia) in order to address a question or solve a problem.

CCSS.MATH.CONTENT.HSN.Q.A.2 Define appropriate quantities for
the purpose of descriptive modeling.
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CCRI Educator Biography

Inspiring and engaging, Alejandro Mundo positively impacts students,
colleagues and the Kingsbridge International High School, a public
school in the Bronx, New York. Mundo knows his students can do
anything—and he helps them believe it too. Ever since becoming an
educator and the head of the science department, he has opened a
new world of opportunities in science, technology and engineering for
his students, who engage in hands-on learning opportunities in all his
classes. In Earth Science, students learn scientific concepts not from
lectures, textbooks or memorization but through manipulatives and lab
experiences that illustrate the concepts.

Mundo is known for raising minority young scientists and encouraging
them to pursue STEM careers. His constant approach on informal
learning including science institutions and trips to the American
Museum of Natural History, allows his students to investigate science
in practical ways. He has taken the lead on students’ involvement in
community leadership; his focus on schoolwide diversity in science careers led to the creation of his
science club, where students not only do science in fun ways inside the classroom, but go out to plant
trees, clean parks, attend science community engagement events in order to demonstrate leadership
and citizenship responsibility for a better world.

In 2019 he was involved in a National Science Foundation grant that focused on early evolution of animals
through the study of the trilobite fossil record in New York where he did paleontology fieldwork and
facilitated the integration of these experiences both at the American Museum of Natural History and his
students. He has done geologic research in Riverside Park in Manhattan to analyze the pressure-
temperature at peak metamorphism and determine the mineralogical composition using the Raman
spectroscopy geothermobarometer to study the metamorphism of Manhattan.

His scientific research focuses on environmental sustainability and climate change. He is especially
interested in understanding the climate processes that affect urban environments, like the Urban Heat
Island Effect, using a remote sensing aspect like Landsat satellite data from past and present
distributions of land surface temperatures, calculating normalized difference vegetation indices, as well
as making future projections. He is currently working as an associate researcher on the Earth
Observation Applications for Resiliency research project at the Climate Change Research Initiative at
NASA'’s Goddard Institute for Space Studies in New York City. His interests include producing mitigation
factors in afflicted urban areas due to climate change. He has held multiple STEM engagement events
among the community including students, parents, educators and general public in both English and
Spanish and has recently been featured as a speaker at the NASA’'s STEM STARS En Espafiol program.

Mundo arrived to the United States when he was 12 years old; facing the barriers of a new language,
customs and culture, he used those obstacles to overcome his fears and achieve the American Dream.
He earned a bachelor’s degree in geological sciences and a minor in science, technology and society
from the California State Polytechnic University, Pomona in 2015, and a master’s in teaching earth
sciences from the Gilder Graduate School from the American Museum of Natural History in 2017. His
professional goal is to build strong relationships with other educators, do meaningful discoveries
through scientific research and inspire future generations of minority students to get a STEM career.

Name: Alejandro A. Mundo
School: Kingsbridge International High School Content: Earth Science & Astronomy
Contact: mundoalejandro@gmail.com
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NASA Education Resources Utilized in Unit

1. NASA Science Activation Education Resources Utilized in Unit

This unit plan utilizes the following NASA Education resource:

Mission Earth: Fusing GLOBE with NASA Assets to Build Systemic Innovation in STEM
Education

Definition: GLOBE provides students and the public with opportunities to participate in
data collection and the scientific process.

Objective: Students will use this education resource to explore the land surface
temperatures (LST’s) outside of school and compare their results with other young
scientists (students) that have compiled their data like them by using NASA'’s sponsored
program GLOBE.

2. Next Gen STEM Resources
This Unit Plan closely aligns and supports the following NASA’s Next Gen STEM resources:

Perseverance Rover to Mars (Lesson 1)

Description: NASA’s Mars Perseverance rover will search for signs of habitable
conditions on Mars in the ancient past and for signs of past microbial life itself.

Objective: Students will learn how Perseverance will closely observe Mars’ climate and
reflect why studying climate and the changing climate is relevant to us.

James Webb Space Telescope (Lesson 2)

Description: James Webb Space Telescope will be the largest infrared telescope with a
6.5-meter primary mirror and it will study every phase in the history of our Universe.

Objective: Students will learn about the James Webb Space Telescope instruments and
build a satellite and reflect on remote sensing, satellites and their importance in scientific
research.

3. Resource Titles, descriptions, web address
Lesson 1: Making Earth Cool Again! What‘s happening to Climate?”

1. “Climate in a Box”
Link: https://www.youtube.com/watch?v=RNoLTmBKizE
NASA has begun to facilitate the operation of new desktop sized supercomputers, with
the goal of making it substantially easier for more researchers to do meaningful work
on vital and essential questions for our world’s climate.

2. “Climate Time Machine”

Link: https://climate.nasa.gov/interactives/climate-time-machine/

Description: This series of visualizations show how some of Earth's key climate
indicators are changing over time, specifically the Global Temperature Graph, which
displays a color-coded map that shows a progression of changing global surface
temperatures since 1884
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“Climate Change: How Do We Know?”

Link: https://climate.nasa.gov/evidence/

Description: The Earth's climate has changed throughout history. Just in the last
650,000 years there have been seven cycles of glacial advance and retreat, with the
abrupt end of the last ice age about 11,700 years ago marking the beginning of the
modern climate era—and of human civilization. The evidence for rapid climate change
is compelling and presented here.

“Images of Change”

Link: https://climate.nasa.gov/images-of-change

Description: The images of Change gallery features images of different locations on
planet Earth, showing change over time periods ranging from centuries to days. Some
of these effects are related to climate change, some are not. Some document the
effects of urbanization, or the ravage of natural hazards such as fires and floods.

Lesson 2: Seeing From Another View Through Satellites

1.

“Twenty Years of Terrain Our Lives”

Link: https://terra.nasa.gov/news/twenty-years-of-terra-in-our-lives

Description: Is the flagship of NASA’s Earth Observing System. The satellite’s five
instruments concurrently observe Earth atmosphere, ocean, land, snow and ice
providing insights into Earth systems such as the water, carbon and energy
cycles. Terra’s instruments are: ASTER, MOPITT, MISR, CERES and MODIS.

“ASTER”

Link: https://terra.nasa.gov/about/terra-instruments/aster

Description: Advanced Spaceborne Thermal Emission and Reflection Radiometer.
ASTER is a TERRA’s instrument was used to create detailed maps of Earth’s
temperature, emissivity, reflectance, and elevation.

“CERES”

Link: https://terra.nasa.gov/about/terra-instruments/ceres
Description: The Clouds and the Earth’s Radiant Energy System. CERES is a
TERRA'’s instrument that gets information about the Earth's radiation balance.

“MISR”

Link: https://terra.nasa.gov/about/terra-instruments/misr

Description: The Multi-angle Imaging SpectroRadiometer-R. MISR is a new type of
instrument of TERRA designed to see Earth with cameras pointed at nine different
angles and it can distinguish different types of clouds, aerosol particles, and surfaces.

“MODIS”

Link: https://terra.nasa.gov/about/terra-instruments/modis

Description: Moderate Resolution Imaging Spectroradiometer. TERRA’s instrument
has a sensor that observes where and when disasters strike—such as volcanic
eruptions, floods, severe storms, droughts, and wildfires.

“MOPITT”
Link: https://terra.nasa.gov/about/terra-instruments/mopitt
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Description: Measurements of Pollution In The Troposphere. It is an instrument of
TERRA designed to enhance our knowledge of the lower atmosphere and to observe
how it interacts with the land and ocean biosphere.

7. “Landsat”

Link: https://landsat.gsfc.nasa.gov/about/
Description: A series of satellites equipped with sensors that observe and capture
information using images of the Earth’s surface and coastal regions.

8. “Earth Now”

Link: https://climate.nasa.gov/earth-now/
Description: Explores a real-time data visualization of NASA’s Earth-orbiting satellites
and the data they collect about climate change.

Lesson 3: When Heat Is Trapped and Urban Heat Island Takes Over

1. “NASA Urban Heat Islands”

Link: https://www.youtube.com/watch?v=InBO4vX82Fs

Description: The data collected and shown on this video spans from 1995 to 2005
and provides an idea of why cities are warmer than their surrounding areas, as well as
what effect this will have on the planet.

2. “Urban Heat Islands”

Link: https://mynasadata.larc.nasa.gov/basic-page/urban-heat-islands
Description: Urban Heat Island is a phenomenon that is best described when a city
experiences much warmer temperatures than in nearby rural areas

3. “Earth Explorer”

Link: https://earthexplorer.usgs.gov/

Description: The USGS EarthExplorer (EE) tool provides users the ability to query,
search, and order satellite images, aerial photographs, and cartographic products from
several sources.

4. “Google Earth Engine App”
Link: https://yceo.users.earthengine.app/view/uhimap

Description: Service that runs in the Google Cloud and combines a multi-petabyte
catalog of satellite imagery and geospatial datasets with planetary-scale analysis
capabilities and makes it available for scientists, researchers, and developers to detect
changes, map trends, and quantify differences on the Earth's surface

Lesson 4: Changing Land Surface Temperatures

1. “GLOBE Data Entry App”
Link: https://www.globe.gov/globe-data/data-entry/data-entry-app
Description: Global Learning and Observations to Benefit the Environment is an
international science and education program that provides students and the public
worldwide with the opportunity to participate in data collection and the scientific
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process, and contribute meaningfully to our understanding of the Earth system and
global environment.

2. “Remotely sensing the cooling effects of city scale efforts to reduce Urban Heat
Island”
Link: https://www.sciencedirect.com/science/article/abs/pii/S0360132311002472
Description: This study is an attempt to analyze a real large scale application by
observing recent vegetated and reflective surfaces in LANDSAT images of Chicago,
a city which has deployed a variety of heat island combative methods over the last 15

years.

Capstone Project: Urban Heat Island City Physical Model

1. “White Versus Greens”
Link: https://earthobservatory.nasa.gov/features/GreenRoof/greenroof3.php
Description: The study in New York confirmed that white roofs—generally made with
the use of a thin, light coating—absorb much less of the Sun’s energy than asphalt
roofs. Green roofs can range in complexity from a shallow layer of soil and plants to
more elaborate rooftop garden with trees and shrubs.

VI. Data visualization & analysis activities

Lesson 1:

Climate Time Machine
o Global surface temperatures

Images of Change
o Effects of events in different places contributing to climate change

Lesson 2:

Twenty Years of Terra in Our Lives
= TERRA satellite instruments that visualize recent global climate data

Landsat
Observes and captures data of Earth’s surfaces

EarthNow
o Visualize recent global climate data from Earth Science satellites

Lesson 3:

Urban Heat Island
=  Factors that influence on the Urban Heat Island on different cities

EarthExplorer
= Acquire Landsat remote sensing imagery

Earth Engine App
= Analyze Urban Heat Island Intensity locations

Lesson 4:

e GLOBE
= Collect land surface temperature recordings and contribute to global

research data by uploading collected data
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NASA Office of STEM Engagement Mission and Vision alignment

This unit plan has been aligned to the mission of the NASA Office of STEM Engagement Mission
as it provides a variety of opportunities for students so they can explore and discover NASA’s
resources including the Climate Time Machine, WorldView Platform, Images of Change, Landsat,
TERRA, among other platforms which allow students to be immersed in NASA’s work, enhance
STEM literacy, and inspire the next generation to explore, as stated in their mission.

Furthermore, this unit plan aligns with the vision of the NASA Office of STEM Engagement as it
engages students in authentic learning experiences with content that is relevant to NASA and its
scientists, including topics like climate change, Urban Heat Island, surface temperatures,
mitigation factors and data collection and analysis.

This unit plan involves a series of informal and formal learning experiences inside and outside the
classroom where students will calculate, design, and discover its way to a new era of American
innovation, which is the focus of the NASA STEM Engagement Office.

These are the objectives and strategic goals addressed throughout this unit:

Goal 1.0: Create unique opportunities for a diverse set of students to contribute to NASA’s
work in exploration and discovery.

Objective 1.1: Provide student work experiences that enable students to
contribute to NASA’s missions and programs, embedded with NASA's STEM
practitioners.

Goal 2.0: Build a diverse future STEM workforce by engaging students in authentic
learning experiences with NASA’s people, content and facilities.

Objective 2.1 Develop and deploy a continuum of STEM experiences through
authentic learning and research opportunities with NASA’s people and work to
cultivate student interest, including students from unrepresented and underserved
communities, in pursuing STEM careers and foster interest in aerospace fields.

Goal 3.0: Attract diverse groups of students to STEM through learning opportunities that
spark interest and provide connections to NASA’s mission and work.
Objective 3.1 Develop and deploy targeted opportunities and readily available
NASA STEM engagement resources and content, to attract students to STEM.

NASA Mission Alignment

This unit plan has been aligned to NASA’s mission to enhance scientific understanding of Earth
as a system and its response to natural and human-induced changes and to improve our ability
to predict climate, weather, and natural hazards.

This unit plan is distinctly aligned to NASA’s mission as students explore land surface
temperatures and how these have changed due to the Urban Heat Island Effect phenomenon.
Our hands-on investigations by going outside and recording land surface temperatures on
different surfaces will help us understand how singular materials and green spaces contribute to
mitigation solutions in order to address city environmental concerns.
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NASA Strategic Objective Alignment
This unit plan is aligned with the following NASA Strategic Objective Alignment:

Strategic Objective 1.1: Understand the Sun, Earth, Solar System, and Universe

This objective Is represented through data taken from remote sensing,

understanding the Earth and looking to improve life on it is highlighted throughout the
lessons described below. The “Improving Life on Earth” portion of the strategy describes
that students will “utilize observations from space to advance our scientific understanding
of the Earth in service to the United States and the world.

By highlighting how the school’'s area is affected by surface heating and possible
mitigation methods, the unit allows both the teacher and student to share data with the
global scientific community through GLOBE and think about interventions to reduce the
effects of surface heating. This is clear evidence of how “NASA shares this unique
knowledge and data continuity with the global community, including members of the
science, government, industry, education, and policy-maker communities.

Strategic Objective 3.3: Inspire and Engage the Public in Aeronautics, Space and

Science
This project enhances the local community’s response to surface heating through
mitigation techniques through NASA’s STEM learning experiences. The research done
with Dr. Braneon together with NASA’s resources contribute to the idea of diversity in
STEM careers, internships and opportunities to a diverse public comprising minorities and
underrepresented groups.

NASA SMD Decadal Survey Alignment

This unit aligns with the NASA SMD Decadal Survey in its emphasis on reducing climate
uncertainty and informing societal response. It aligns with climate variability and change, as climate
sets the platform and constantly influences the development of natural systems. Listed as the most
important priority includes the quantification in distribution of the functional traits, functional types,
and composition of vegetation and marine biomass, spatially and over time. It also addresses
weather and climate as very important, where it will determine how spatial variability in surface
characteristics modifies regional cycles of energy, like this unit focuses on the Urban Heat Island
and their effects.

Unit pre-and post-standards-based assessment with answer key

This unit’s pre and post-standards are based on the Next Generation Science Standards (NGSS)
for high school students. This assessment is targeted for an Earth Science class at the high school
level. The purpose of this pre-assessment is to measure the student’s prior knowledge on the
topics and subject. This assessment includes content knowledge questions, but also includes
questions from lab-skills and lab activities.

The questions in this assessment are open-ended so they can allow the teacher to have a better
understanding of the student’s knowledge and a better overview of where students stand in
regards to the topics in this unit. This will also allow the teacher to know if there are any topics
that need to be revisited and see how much students have processed the content covered in this
unit. Teachers are encouraged to provide this assessment as pre-assessment and a post-
assessment components of this unit plan.
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Name: Period: Date:

Urban Heat Island and Remote Sensing Pre & Post Assessment

Instructions: The following questions are to know how much you know about this unit’s topics. Answer the

following questions to the best of your ability in complete sentences.

1. What is remote sensing?

2 What is land surface temperature and what does it involve?

3. What is Landsat?

4. What is image analysis?

5. What is a satellite?

6. How have humans impacted temperatures on Earth?

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI)) 12
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7. What is the Urban Heat Island?

8. What are some of the effects of Urban Heat Island?

9. Why would an increase of population affect climate change?

10. Why is it important to know about surface temperatures and how they change?

11. What are some characteristics we might want to test for when analyzing the temperature of a city?

12. How do we access satellite data? How do we organize our data for analysis?

Rubric Category

Productivity

| don’t follow the procedures, and
don’t respond to more than 6
questions in an average way.

| don’t show a clear understanding

Satisfactory
& 4

| can follow most of the
procedures, and respond to 7 or

more questions in an average way.

Meets expectations

g g &
A A 4

I can follow all the procedures,
successfully and respond to 10 to 12
questions in a comprehensive way.

Exceeds expectations
¥ Y e

NP NS N® !%

| can efficiently follow all the
procedures, and respond to all 12
questions in an exceptional way.

Understanding

of the scientific concepts behind
climate, remote sensing, or the
effects of human impacts on global
climate.

| show some understanding of the
scientific concepts behind climate,
remote sensing and the effects of
human impacts on global climate.

| show a clear understanding of the
scientific concepts behind climate,
remote sensing and the effects of
human impacts on global climate.

| show a clear and in-depth
understanding of the scientific
concepts behind climate, remote
sensing the effects of human impacts
on global climate.
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Name: Period: Date:
Urban Heat Island and Remote Sensing Pre & Post Assessment *ANSWER KEY*

Instructions: The following questions are to know how much you know about this unit’s topics. Answer the

following questions to the best of your ability in complete sentences.

1. What is remote sensing?
Remote sensing is the process of acquiring information on the physical characteristics of an object or

phenomenon by means of its reflected and/or emitted radiation without making contact with. For
example, the land surface temperature. It can be measured through a satellite or an aircraft.

2 What is land surface temperature and what does it involve?
Land surface temperature is the temperature at the ground. It is calculated by analyzing the radiation

of thermal energy emitted by an object. It is measured through remote sensing or other sensors to
determine how hot the earth’s surface is at a particular location

3. What is Landsat?

Landsat is a series of satellites equipped with sensors that observe and capture information
using images of the Earth’s surface and coastal regions.

4. What is image analysis?

Image analysis is the process of taking information through images using digital processing
techniques.

5. What is a satellite?

A satellite is an object (like a machine) that rotates around another larger object, like the Earth and
contributes to scientific research.

6. How have humans impacted temperatures on Earth?

Human activity has contributed to the change since some activities like irrigation, dams may
decrease temperature. Activities such as deforestation, urbanization using asphalt concrete,
burning of forest, burning of fossil fuels, and using chemicals have caused a change and altered
the temperatures and global climate.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI)) 14
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An Urban Heat Island is when a city absorbs and retains more heat that the surrounding areas. For
example, a city would be warmer than the rural area that surrounds it.

8. What are some of the effects of Urban Heat Island?

The increased heat in urban areas can affect human health with respiratory problems, headaches,
exhaustion, and even death. The increase in the demands of the consumption of energy has contributed
to changes in wind, hydrologic cycle, surface and air temperatures and air pollution levels.

9. Why would an increase of population affect climate change?

Population growth affects climate change because there is an increasing demand for oil, gas, and other
fuels that are extracted from the Earth and will release CO- into the atmosphere, causing the effect of
an enhanced greenhouse effect. Also, when there is deforestation to urbanize areas with asphalt and
concrete, they cause more heat in these areas. Disease also increases due to the change in
temperature. As population increases, the Urban Heat Island increases.

10. Why is it important to know about surface temperatures and how they change?

It is important to know how surface temperatures change because it helps us in understanding local
climate change. The energy is taken from the sun and the greenhouse gases trap a significant fraction
of that solar energy emitting it in all directions, returning part of it to the surface while maintaining
thermal equilibrium. During the last years the temperature has risen.

11. What are some characteristics we might want to test for when analyzing the temperature of a city?
Temperature refers to the amount of heat that exists in an environment (city). When testing the
temperature in a city it would be important to know the vegetation that is present in the city. Also, the
population of citizens, reflectivity (albedo) and the number of buildings and asphalt that covers the land.
All of these are factors that can influence how temperature varies within a city.

12. How do we access satellite data? How do we organize our data for analysis?
We can download free satellite imagery from different platforms. For example, Earth Explorer, is produced
by USGS and NASA and anyone can access Landsat data to observe land surface temperatures.

Rubric Category

Doesn’t meet expectations

L
“

Satisfactory

Meets expectations
LEX

Exceeds expectations
LS S &4

Productivity

| don't follow the procedures, and
don’t respond to more than 6
questions in an average way.

| can follow most of the
procedures, and respond to 7 or

more questions in an average way.

| can follow all the procedures,
successfully and respond to 10 to 12
questions in a comprehensive way.

| can efficiently follow all the
procedures, and respond to all 12
questions in an exceptional way.

Understanding

| don’t show a clear understanding
of the scientific concepts behind
climate, remote sensing, or the
effects of human impacts on global
climate.

| show some understanding of the
scientific concepts behind climate,
remote sensing and the effects of
human impacts on global climate.

| show a clear understanding of the
scientific concepts behind climate,
remote sensing and the effects of
human impacts on global climate.

| show a clear and in-depth
understanding of the scientific
concepts behind climate, remote
sensing the effects of human impacts
on global climate.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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Xll.  Lesson 1: Making Earth Cool Again! What's happening to Climate?
1. Table of Contents for lesson

Section Page
Summary & Goals 17
Lesson Model 18
Content Template 20
Supporting Documents 28
Conclusion 50

2. Summary and Goals of Lesson
This lesson is titled “Making Earth Cool Again! What's happening to Climate?””
and it serves as an introduction to this unit plan which incorporates the 5SE model
template. It focuses on climate as well as the factors that influence it and are
contributing to a changing climate on Earth.

The goals for this lesson include students to be able to:

O O O O O

(@)

Define what is climate change individually and in groups.

Discuss what is climate change in groups and as a class.

Identify climate change evidence and explain its significance.

Observe the evidence for global climate change.

Create a scientific explanation about climate change factors by using a
claim, climate evidence and reasoning.

Identify how climate has been altered before and after an event in different
parts of the world by observing and analyzing different satellite images.
Interpret and analyze satellite imaging related to climate change.
Create a poster about a location on Earth that has been affected by
climate change and provide feedback on classmates’ posters.

The goals for this lesson will be met throughout the activities and assignments for
each part of the lesson plan.

3. CCRI Lesson Plan Content Template

*Scroll to next to see this component.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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NGSS Standards & NYS Standards: Common Core Standard: NASA Science:
HS-ESS3-1 Construct an explanation based on evidence for how the availability of ELA-LITERACY.RL.11-12.1: —Earth Science
natural resources, occurrence of natural hazards, and changes in e Cite strong and thorough textual evidence to support analysis of what
climate have influenced human activity. the text says explicitly as well as inferences drawn from the text,

including determining where the text leaves matters uncertain.

HS-PS4-6 Different patterns may be observed at each of the scales at which a system is
studied and can provide evidence for causality in explanations of phenomena. CCSS.ELA-LITERACY.RST.11-12.9

. Synthesize information from a range of sources (e.g., texts,

New York State Earth Science Standards (NYSES): experiments, simulations) into a coherent understanding of a process,
2.1a Earth systems have internal and external sources of energy, which create heat. phenomenon, or concept, resolving conflicting information when
ossible.
2.2c Alocation’s climate is influenced by latitude, proximity to large bodies of water, ocean P
currents, prevailing winds, vegetative cover, elevation, and mountain ranges. CCSS.ELA-LITERACY.RST.11-12.4
e  Determine the meaning of symbols, key terms, and other domain-
Phenomenon: Flow of Energy and Matter specific words and phrases as they are used in a specific scientific or

) technical context relevant to grades 11-12 texts and topics.
Crosscutting concepts:

. Systems and System Models MATH.CONTENT.HSN.Q.A.3
e  Stability & Change e  Choose a level of accuracy appropriate to limitations on measurement
e  Patterns when reporting quantities.

Cause and Effect

Content Area and Grade Level Name of Project-Based Activity or Theme:

Estimated Time Frame to Complete:

This is the first lesson of 5 parts of this unit plan. It is estimated
to take 5 days, if taught on periods of about 55 minutes a day.

Content Area: Earth Science
Grade Level: 11 & 12 grades

Students will analyze two different images of the same location (a before version and an
after version), and describe the changes over time due to climate change.

Overall Investigation Question(s): How can we use a climate simulation graph, images of change and evidence to analyze, explain and present how climate has changed over time?

Overall Project Description/Activity: Identify how climate has been altered before and after an event in different parts of the world by observing and analyzing different satellite images.

Classroom Equipment:

Materials Needed to Complete Project  Stakeholders: Hyperlinks Used: Multimedia/Technology:

Markers —Students Climate in a Box Laptops with internet Laptops
e  Blank poster paper —Educator Link: https://www.youtube.com/watch?v=RNoLTmBKizE connection e  Printer
e  Provided worksheets —Administrator Climate Time Machine e  Laptops with PowerPoint e  Smartboard

Link: https://climate.nasa.gov/interactives/climate-time-machine/ e Smartboard

Climate Change: How Do We Know?
Link: https://climate.nasa.gov/evidence/

Images of Change
Link: https://climate.nasa.gov/images-of-change

NASA's Mars Perseverance
Link: https://www.youtube.com/watch?v=6gA9iaAUo8k

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI)) 18
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NASA System Engineering Behaviors

Uses visuals to communicate complex
interaction

National Aeronautics and Space Administration
Goddard Institute for Space Studies

Category

Communications

Activities

Students will identify how climate has been altered before and after
an event in different parts of the world by observing and analyzing
different satellite images.

Student Outcomes

Work cooperatively with team
members to discuss satellite images
over time.

Evaluation

Climate change
evidence

Communicates effectively through
personal interaction

Communications

Students will work together in groups in order to define and discuss
what is climate change.

Complete the definition of climate and
climate change successfully with group
members

Climate change

Builds T Cohesi Leadership Students will work in harmony and assign tasks and responsibilities Present about the image of change Cii
uiids Team Lonesion among peers in order to work for a common goal. and work on a climate definition. imate
] ] Leadership Students value each of their members in the group for their Provide feedback on their classmates’
Appreciates/Recognizes Others contribution and support their ideas. posters that support the community.
Attitudes & Students will interpret satellite images in order to see how they have Discuss different views and opinions
Has a comprehensive view Attributes changed over time and explain their views according to the before about the satellite images and their Climate
and after factors. importance.
Seeks information and uses the art of Attitudes & Students will use different types of resources (evidence) in order to Use the provided resources to explain Climate change
P Attributes analyze climate change evidence and explain why it's meaningful how climate has been affected by ) 9
questioning evidence
humans and other factors.
Validates facts, information and Systems Students will find climate change evidence and explain its significance J Validates the evidence and puts it Climate change
assumptions Thinking together in order to explain it. evidence
Keeps the focus on mission Systems Students will work on the assigned work and task in order to Pay attention and follow procedures to
requirements Thinking complete it by the given time. complete the task.
. Technical Teacher will give feedback to students based on their performance at the Reflects and uses feedback to do better.
Learns from success and failures Acumen activities and students will use and reflect on that feedback.

List and attach all PowerPoint
presentations and supportive

documents for instructional activities

List and attach all rubrics for activity

and assessment evaluation

Attachments?
Yes

Attachments?

List Attached Documents:

Know and Wonder About Climate Change Worksheet
Time Machine Climate Simulation Worksheet
Scientific Explanation on Climate Change Worksheet
Images of Change Worksheet

List Attached Rubrics:

Know and Wonder About Climate Change Worksheet Rubric

Time Machine Climate Simulation Worksheet Rubric

Scientific Explanation on Climate Change Worksheet Rubric

Images of Change Worksheet Rubric
Images of Change Poster Rubric for Students

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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4. Mission Alignment
This lesson is part of this climate unit plan and aligns with NASA’s Terra satellite
mission. Terra explores the connections between Earth's atmosphere, land, snow and
ice, ocean, and energy balance to understand Earth's climate and climate change and
to map the impact of human activity and natural disasters on communities and
ecosystems.

5. Time to implement lesson
This is the first lesson of 5 parts of this unit plan. It is estimated to take 5 days, if
taught on periods of about 55 minutes a day.

6. Materials required
—Laptops —Printer —Markers
—Internet connection — Blank poster paper
—Worksheets and supporting documents which are provided at the end of the
lesson template.

7. 5E lesson model template:

What the Teacher does What the Students do ‘ Time

ENGAGE

Climate Change Know and Wonder Activity
, . e Listen to the introduction
e Tell students that they will work on this task to: of the activity.

o ldentify climate change on their own

o ldentify climate change as a group

o Define climate change as a group

o Propose questions about climate change

¢ Model how to complete this chart to students by

giving an example about NASA, like:  Observe a sample of how

o What | know about NASA the activity will take place.
o What we know about NASA Students may be involved
o Our group definition of NASA in this sample activity

o What | want to learn about NASA process.

By doing this sample model in front of the class,
students will get an idea of how the upcoming
activity will occur.

e Provide all students with activity worksheets
45 mins
e Gives instructions for the activity:
o You have 2 minutes to record ideas quietly
on your own on the: “What | know About
Climate Change” part.

e Use the worksheet to
record the activity work.

20
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o Then you will share your ideas during 5
minutes with the group you'’re sitting with.
Take turns per person (1 minute per person)
As your classmates share their ideas,
record them in the “What my group knows
about Climate Change” part. You should
keep track of time.

o Later, you will brainstorm ideas from what
you have shared and come up with a
definition for what climate change is, then
record it in the “Our group’s definition of
Climate Change.”

o Lastly each person has 1 minute to come up
with questions about climate change,
discuss these questions as a group and
record them in the “What we wonder about
Climate Change.”

o Guide the discussion in groups based on
the students’ responses. Facilitate the class
discussion and encourage deeper thinking
by having students build on each other’s
responses.

o To end this lesson, show the video called,
“Climate in a Box”, and tell students that in
this video, they will learn more about how
climate modeling requires massive
computational power. Furthermore, NASA
has begun to facilitate the operation of new
desktop sized supercomputers, with the
goal of making it substantially easier for
more researchers to do meaningful work on
vital and essential questions for our world.

https://www.youtube.com/watch?v=RNoLTmBKizE

Record their ideas on
their own for “What | know
About Climate Change.”

Share each other’s ideas
(1 minute) at a time and
record each other’s ideas
on the “What my group
knows about Climate
Change.”

Discuss with their group
about ideas on what
climate change is.
Everyone is recording the
definition on the “Our
group’s definition of
Climate Change.”

Share questions that they
wonder about climate
change and record them
in the “What we wonder
about Climate Change.”

Students build on each
other’s responses during
class discussion.

Students learn more
about climate modeling
from the shown video.

EXPLORE
Climate Time Machine Exploration

e Tell students that they will now explore more about
climate change and its elements through a
computer simulation known as “Time Machine.”

e Provide 1 laptop per group (groups of 2 students is
ideal). Also provide one worksheet titled “Time
Machine Climate Simulation” per student in each

group.

Listen to introduction of
activity.

Use the worksheet to
record the activity work
and laptop to do research.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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Give the instructions:

o Go to this website:
https://climate.nasa.gov/interactives/climate- Run Climate Time 45 mins
time-machine/ Machine simulation with
their group and record
o Say: “This color-coded map shows a observations and findings
progression of changing global surface on their worksheet.
temperatures since 1884. Dark blue
indicates areas cooler than average. Dark
red indicates areas warmer than average.”
Work with their groups
o Remind students that they will work with and explore how climate
their group in order to explore how climate change has progressed
change has progressed over time. They will over time by examining
then record their answers in their the climate time machine.
worksheet.
o Tell students that they will follow the Follow the teacher’s
questions from the assignment, where they instructions on the
begin by making observations on Earth’s worksheet.
climate during 1884, 1984, 2019 and their
birthday. Model for students this process by
showing the worksheet in front of the class.
o Tell students that after they look at the
Climate Time Machine, the second part of Observe at the evidence
the worksheet has them look at the for climate change as well
evidence about climate change. Where as explain it and make
they will visit the website: sense of its significance
https://climate.nasa.gov/evidence/ to climate change on the
and record the evidence, explain what does worksheet.
the evidence suggest and also make
connections to why this evidence is
significant to climate change.
o Conclude this part of the lesson by showing
students a NASA video called “We
Persevere” which focuses on the newest Watch a video about
NASA's Mars, Perseverance. Perseverance rover
https://www.youtube.com/watch?v=6qA9iaAUo8k which shows how it will
search for signs of
o Tell students that the purpose of the habitable conditions on
Perseverance rover is to search for signs of Mars in the ancient past
habitable conditions on Mars in the ancient and for signs of past
past and for signs of past microbial life itself, microbial life itself,
which connects to Mars’ climate and how its studying climate on the
climate has changed over time, just like it's red planet.
changing now on Earth.
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o The teacher can consider to spend more
time on the Climate Time Machine parts,
like the carbon dioxide, sea level or se ice.
The focus of this lesson plan is for global
temperatures, but teacher can extend the
activity depending on interests.

EXPLAIN

Climate Change Scientific Explanation

Tell students that they will now put the information
they have acquired from the climate time machine,
including the evidence that they have also
completed in their graphic organizer. Now they will
use the worksheet titled: “Scientific Explanation on
Climate Change Worksheet”

Tell students that they will now come up with a
scientific explanation. Say, “A scientific explanation
uses observations and measurements to explain
something we see in the natural world. Scientific
explanations should match the evidence and be
logical, or they should match as much of the
evidence as possible.”

Tell students that his explanation is focused on the
following question: “Which are the 2 most
convincing and clear pieces of evidence when

Listen to introduction of
activity.

Listen to what is a
scientific explanation.

Listen to the focus of the
guestion that will lead to
the explanation.

trying to explain climate change?” 60 mins
Tell students that the scientific explanation will
include three different components that they will
have to complete before the actual scientific _
explanation: E_xamme the three
_ _ different components that
o Claim: Your answer to the question the scientific explanation
o Evidence: Quantitative Data, Graphical will have.
Interpretations
o Reasoning: Conceptual Understandings:
Formulas, Definitions, Laws, Theories. Discuss some ideas about
, claims, evidence and
Give an example of each component so that reasoning and put them in
students know how to complete the graphic the graphic organizer.
organizer. This could be done as a class, where
students can contribute with their ideas, but they will
complete this on their own. Give students about 10
minutes to complete this graphic organizer. Complete their graphic
) ) organizer with the three

After students have completed their graphic columns, claim, evidence
organizer with claim, evidence and reasoning. They and reasoning.
NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI)) 23
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will be ready to move on to the actual scientific
explanation.

e Remind them that there is a word bank at the
bottom of the page that you would like them to use.
This word bank has important words that relate to
climate change such as sea level rise, temperature,
oceans, etc.

e Tell students to begin writing their scientific
explanation. Remind students that this is an
individual activity and that it reflects their
understanding and analysis of climate change and
its evidence. As students are writing their scientific
explanation, circulate around the room to assist
students. 50 minutes is recommended for this
activity, but teacher may decide to extend it based
on the students.

¢ Have dictionaries available for students who may
need help assistance while writing.

Observe the word bank at
the bottom of the page to
see the words they are
expected to use in their
scientific explanation.

Work on writing their
scientific explanation
individually and quietly on
their own.

EXTEND:
Images of Change Analysis

e Tell students that they will now move into an
extended investigation activity called “Images of
Change” in groups of 2 students. This activity
connects to weather and climate change, where
they will get to analyze two different images of the
same location (a before version and an after
version) and describe the changes over time.

Listen to introduction of
activity.

Access the website and
explore the different

 Students will now visit the “Images of Change” Images. 30 mins
https://climate.nasa.gov/images-of-change
¢ Provide the “Images of Change” Worksheet to
students. Tell them that although they are working
in groups of 2 students, you want them to record
their ideas and responses individually. ,
Students will use the
e Tell students that they will compare the effects of slider to compare and
physical changes based on the before-and-after contrast the.
images from the same location. By moving the from images of change by
side to side, students can see the before and after looking at different _
of each location. Then, they will be able to record locations and record their
their observations on the graphic organizer and observations on the
then reflect on how these images reflect and graphic organizer.
connect to weather and climate change.
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It is important to remind students that some images
are indicators of climate change and some are
weather events or short-term climate variability.
Climate variability tends to change slowly, it doesn'’t
mean we don't experience shorter-term fluctuations
on seasonal or multi-seasonal time scales. There
are many things that can cause temperature, for
example, to fluctuate around the average without
causing the long-term average itself to change.

Allow students to randomly choose their own
images of change (since there are many available
on the website), but that they have to discuss with
their classmates about the images they choose,
and each record their ideas on their own
worksheet.

EVALUATE

Presentations about Images of Change

Tell students that they will now present about one
of the images of change (from previous lesson) that
was meaningful to them. Have students choose an
image of their list (one per student). Tell them that
they will have to create a simple poster where they
include the image, a description of the image and
why it was meaningful to them. Students can create
this digitally and print it in the classroom.

Tell students that once they have done their one-
page posters, they will post them around the
classroom walls because they will be doing a
gallery walk. During this gallery walk, they will go
around the classroom and look at their classmates’
posters and leave a piece of feedback where they
evaluate it according to what their classmate has
created.

The feedback that students should have includes
one cool feedback and one warm feedback.
Explain to students that “warm feedback” is the
kind of feedback that should start with a positive
statement about what they see and like from their
classmate’s poster. On the other hand, cool
feedback raises a question. Learning to ask good
guestions is an important part of learning to give
good feedback.

Listen to introduction of
activity.

Create their one-page
poster about their image-
of-change where they
include images,
description and why it's
meaningful to them.

Place posters across the
classroom for the gallery
walk.

Provide feedback (one
warm and one cool)
feedback) while
participating in the class
gallery walk.

60 mins
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e Once everybody has their one-page posters, give a
piece of paper to each student, where they will
write down their feedback for their classmates’
poster. Explain to students that while they’re doing
this gallery walk, they are walking around and
providing their feedback to their classmates quietly.
You may choose to give as many pieces of paper,
so students can give feedback about how the
image was meaningful and connects to climate
change.

8. Standards
Next Generation of Science Standards (NGSS):

HS-ESS3-1 Construct an explanation based on evidence for how the availability of
natural resources, occurrence of natural hazards, and changes in climate have
influenced human activity.

HS-PS4-6 Different patterns may be observed at each of the scales at which a system
is studied and can provide evidence for causality in explanations of
phenomena.

DCI ESS2.A Earth Materials and Systems

CcC Systems and System Models
Stability & Change
Patterns
Cause and Effect

New York State Earth Science Standards (NYSES):

NYSES 2.1a Earth systems have internal and external sources of energy, both of which create heat.

NYSES 2.2c A location’s climate is influenced by latitude, proximity to large bodies of water, ocean
currents, prevailing winds, vegetative cover, elevation, and mountain ranges.

Common Core Standards:

MATH.CONTENT.HSN.Q.A.3
Choose a level of accuracy appropriate to limitations on measurement
when reporting quantities.

ELA-LITERACY.W.9-10.9
Draw evidence from literary or informational texts to support analysis,
reflection, and research.

9. NASA System Engineering Behavior Model utilized in lesson
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o Leadership
o Builds Team Cohesion
o Appreciates/Recognizes Others

o Communication
o Listens Effectively and Translates Information
o Communicates Effectively Through Personal Interaction

o Problem Solving & Systems Thinking
o Assimilates, Analyzes, and Synthesizes Data
o Validates Facts, Information and Assumptions
10.Supporting Documents:

*Scroll down to see documents

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI)) 27
Matthew Pearce | Education Program Specialist | GSFC Office of STEM Engagement



Name:

National Aeronautics and Space Administration

Goddard Institute for Space Studies
New York, N.Y.

Period:

What | know about Climate Change

Date:

Know and Wonder About Climate Change

Instructions: First complete what you know about climate change on your own. Then discuss ideas with your group about what
is climate change and record them in your handout. Later you will come up with a definition for climate change and record it.

Lastly, you will write what your group wonders about climate change.

What my group knows about Climate Change

Figure 1: Earth’s sea surface temperature

Our group’s definition of Climate Change

What we wonder about Climate Change

Rubric Category

Satisfactory
& 4

Meets expectations

e S &
A 4

Exceeds expectations
A A A4

NS NS N® N

| can efficiently follow all the

Productivity

| don't follow the procedures,
struggle to record all parts of the
worksheet and don’t respond to all
questions in an average way.

| can follow most of the
procedures, record all parts of the
worksheet and respond to all
questions in an average way.

| can follow all the procedures,
successfully record all parts of the

worksheet and respond to all
guestions in a comprehensive way.

procedures, successfully record all
parts of the worksheet and respond
to all questions in an exceptional
way.

Understanding

| don’t show a clear understanding
of the scientific concepts behind
climate, temperature or the effects
of human impacts on global
climate.

| show some understanding of the

scientific concepts behind climate,
temperature and the effects of

human impacts on global climate.

| show a clear understanding of the
scientific concepts behind climate,
temperature and the effects of human
impacts on global climate.

| show a clear and in-depth
understanding of the scientific
concepts behind climate,
temperature and the effects of
human impacts on global climate.
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Name: Period: Date:

Know and Wonder About Climate Change *ANSWER KEY*
Instructions: First complete what you know about climate change on your own. Then discuss ideas with your group about what
is climate change and record them in your handout. Later you will come up with a definition for climate change and record it.
Lastly, you will write what your group wonders about climate change.

What | know about Climate Change What my group knows about Climate Change

My group knows that climate change alters the
temperature of the Earth, causing alterations in
different areas such as the glaciers at the poles,
desert lands, rivers, oceans, forests, etc.

| know climate change is the increase in
temperature on the planet and that causes a
change in the climate.

For example, | know that climate change causes
the ice sheets at the poles and glaciers to melt.
Furthermore, the climate around the world is
changing, we see in desert areas that rain and
hail.

In addition, we know that climate change can
provoke changes in natural phenomena such as
tornadoes, torrential rains, hurricanes.

Our group’s definition of climate change is the We wonder the following:

increase in temperature that causes changes in the

climate allowing glaciers melt, causing floods and e How does climate change affect the
storms. We define climate change as any change in earth?

e Is climate change related to wind

We know that it lasts long enough periods (decades patterns?
or more) until the Earth reaches a new equilibrium. « What can we do to stop the climate from
Some people think it will last more than 10,000 changing?

years.

Exceeds expectations
A A A 4

NP N® NS N

Meets expectations
kA 4

Satisfactory
¥ e

NS N

Doesn’t meet expectations

Rubric Category o
P

| don't follow the procedures, | can follow most of the | can follow all the procedures, | can efficiently follow all the

Productivity

struggle to record all parts of the
worksheet and don’t respond to all
questions in an average way.

procedures, record all parts of the
worksheet and respond to all
questions in an average way.

successfully record all parts of the
worksheet and respond to all
questions in a comprehensive way.

procedures, successfully record all
parts of the worksheet and respond
to all questions in an exceptional
way.

Understanding

| don’t show a clear understanding
of the scientific concepts behind
climate, temperature or the effects
of human impacts on global
climate.

| show some understanding of the

scientific concepts behind climate,
temperature and the effects of

human impacts on global climate.

| show a clear understanding of the
scientific concepts behind climate,
temperature and the effects of human
impacts on global climate.

| show a clear and in-depth
understanding of the scientific
concepts behind climate,
temperature and the effects of
human impacts on global climate.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
Matthew Pearce | Education Program Specialist | GSFC Office of STEM Engagement

29



https://earthobservatory.nasa.gov/global-maps/MYD28M

National Aeronautics and Space Administration

Goddard Institute for Space Studies
New York, N.Y.

Name: Period: Date:

Time Machine Climate Simulation Worksheet

Procedure:

1. Go to the Climate Time Machine website:
https://climate.nasa.gov/interactives/climate-time-machine/

2. Read the bottom description under the time machine for
climate change.

3. Answer the analysis questions below.

Analysis Questions: Figure 1: Global temperatures in 1884

1. Make observations about Earth’s climate during 1884 and describe it below.

2. After 100 years since the first record in the climate time machine, describe how Earth’s climate
looked during 1984.

3. Find the year when you were born in the time machine and describe how Earth’s climate looked
during that year? Was it hottest or coldest? Have patterns changed? Include your birth year.

4. Make observations about Earth’s climate during 2019 and describe it below.

30
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5. Now you will further explore the different types of evidence for climate change on this site:
https://climate.nasa.gov/evidence/ Then, you will complete the following table about climate change

evidence and explaining why that evidence is significant to the Earth’s climate.

Name of

evidence

What is the evidence for climate
change?

Why is this significant to Earth’s climate
and the environment?

Rubric Category

Doesn’t meet expectations

8
“

Satisfactory
g 4

Meets expectations
@ @
Lee

Exceeds expectations
@ @
LLEE

Productivity

| don't follow the procedures,
struggle to record all parts of the
worksheet and don’t respond to all
questions in an average way.

| can follow most of the
procedures, record all parts of the
worksheet and respond to all
questions in an average way.

| can follow all the procedures,
successfully record all parts of the

worksheet and respond to all
questions in a comprehensive way.

| can efficiently follow all the
procedures, successfully record all
parts of the worksheet and respond to
all questions in an exceptional way.

Understanding

| don’t show a clear understanding
of the scientific concepts behind
climate and the evidence and
significance of climate change
factors over time.

| show some understanding of the
scientific concepts behind climate
and the evidence and significance
of climate change factors over
time.

| show a clear understanding of the
scientific concepts behind climate

and the evidence and significance of
climate change factors over time.

| show a clear and in-depth
understanding of the scientific
concepts behind climate and the
evidence and significance of climate
change factors over time.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
Matthew Pearce | Education Program Specialist | GSFC Office of STEM Engagement

31



https://climate.nasa.gov/evidence/

National Aeronautics and Space Administration

Goddard Institute for Space Studies
New York, N.Y.

Name: Period: Date:

Time Machine Climate Simulation Worksheet

Procedure: *ANSWER KEY*

1. Go to the Climate Time Machine website:
https://climate.nasa.gov/interactives/climate-time-machine/

2. Read the bottom description under the time machine for
climate change.

3. Answer the analysis questions below.

Analysis Questions: Figure 1: Global temperatures in 1884
1. Make observations about Earth’s climate during 1884 and describe it below.

In 1884, the map shows North America and Europe were cooler than average areas and
some western regions of Africa were warmer than average. Most continental areas were

cooler.

2. After 100 years since the first record in the climate time machine, describe how Earth’s
climate looked during 1984.

After 100 years, North America was warmer, Europe was warmer and some parts of
Mediterranean North Africa were cooler than average, as was Greenland.

3. Find the year when you were born in the time machine and describe how Earth’s climate
looked during that year? Was it hottest or coldest? Have patterns changed? Include your

birth year.

In 2004, the map shows all continents were warmer than average but Alaska, Europe and
some parts of Africa were warmer. The patterns show that it has been getting warmer
because the colors have changed to yellow and red which demonstrate warmer

temperatures.

4. Make observations about Earth’s climate during 2019 and describe it below.

In 2019, all continents were warmer than average, but Alaska, Europe and Asia were
much hotter than the average. Polar regions were warming the fastest in later years.

Continues on next page.
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5. Now you will further explore the different types of evidence for climate change on this site:
https://climate.nasa.gov/evidence/ Then, you will complete the following table about climate change

evidence and explaining why that evidence is significant to the Earth’s climate.

Name of

evidence

Glacier Retreat

What is the evidence for climate
change?
Glaciers are retreating almost everywhere

around the world including in the Alps,
Himalayas, Andes, Rockies, Alaska and Africa.

*ANSWER KEY*

Why is this significant to Earth’s climate
and the environment?

Sea level and global temperature rise due to thawing.

The temperature has increased and this has overheated
the poles and this causes the glaciers to be thawing.

Sea Level Rise

Global sea level rose about 8 inches in the last
century. The rate in the last two decades,
however, is nearly double that of the last century
and is accelerating steadily over years. Warmer
water expands further increasing sea level rise
and near to sea level when storms occur.

Regarding the extra water that is flowing in the ocean
due to the melting of the glaciers, it increases every time
and is expected to increase in the coming years due to
the loss of ice in the Antarctic.

Furthermore, this could cause flooding problems for
countries that are below sea level and those that are at
sea level.

Ocean
Acidification

Since the beginning of the Industrial Revolution,
the acidity of surface ocean waters has
increased by about 30 percent. This increase is
the result of humans emitting more carbon
dioxide into the atmosphere and hence more
being absorbed into the oceans. The amount of
carbon dioxide absorbed by the upper layer of
the oceans is increasing by about 2 billion tons
per year as well as warmer oceans.

Acidification and water contamination are due to the high
concentration of carbon dioxide in the air generated by
human activity.

Ocean acidity causes serious damage to marine life
causing death in various species, affecting coral reefs,
and degradation of the ecosystem.

Extreme Events

The number of record high temperature events in
the United States has been increasing, while the
number of record low temperature events has
been decreasing, since 1950. The U.S. has also
witnessed increasing numbers of intense rainfall
events.

Global warming has produced great changes
meteorologically such as hurricanes, cyclones, rains,
extreme droughts or floods.

In desert places torrential rains fall and in places where it
is not snowing now snow falls.

The Greenland and Antarctic ice sheets have
decreased in mass. Data from NASA's Gravity
Recovery and Climate Experiment show
Greenland lost an average of 286 billion tons of

The ice sheets in Greenland and Antarctic are important
as each melting layer that reaches the sea contributes to
sea level rise.

22222% lce ice per year between 1993_a_nd 2016, vv_hile It is believed that if the entire Greenland ice sheet was to
Antarctica lost about 127 billion tons of ice per weaken and melt, the sea level would change and rise
year during the same time period. The rate of by about 7 meters.

Antarctica ice mass loss has tripled in the last
decade.
The planet's average surface temperature has The Earth's atmosphere is made up of different gases

Global risen about 1.62 degrees Fahrenheit (0.9 whose function is to maintain a specific temperature for

Temperature degrees Celsius) since the late 19th century, a life. This is called the greenhouse effect.

Rise change driven largely by increased carbon
dioxide and other human-made emissions into However, human activities that have caused this
the atmosphere. warming are the use of fertilizers, chemical activity, the

burning of fossil fuels, transportation, heating, and
Most of the warming occurred in the past 35 deforestation to construct buildings. These activities
years, with the six warmest years on record have increased the production of these gases, causing
taking place since 2014. Not only was 2016 the so-called global warming, the main cause of climate
warmest year on record, but eight of the 12 change.
months that make up the year —from January
through September, with the exception of June Human beings are responsible for climate change and its
— were the warmest on record for those greenhouse gas emissions that heat the planet. The best
respective months. known gas is CO2, causing 63%.of total warming.
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Period: Date:

Scientific Explanation on Climate Change Worksheet (Part 1 of 2)

Instructions: You will now create a scientific explanation about climate change based on the question shown
below. Before you create your scientific explanation, you will complete the following graphic organizer. First,
complete the “Claim” with details that explain that claim. Then complete the “Evidence” part, with pieces of evidence
that can support your claim. Then you will talk about the reasoning that supports the evidence or the claim. Include

words from the word bank below in your graphic organizer below.
Question: Which are the 2 most convincing and clear pieces of evidence when trying to explain climate change?

CLAIM EVIDENCE REASONING

You draw a conclusion about Addresses the question, such Logically links the evidence
with conceptual understanding

the question above. as quantitative data,
graphical interpretations. such as formulas, definitions,

law, or theories

Word Bank

Climate change | Satellites | Sealevel | Oceans | Warmingtemperatures | Snow | Rain
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Name: Period: Date:

Scientific Explanation of Climate Change Worksheet (Part 2 of 2)

Instructions: Now that you have completed the graphic organizer about Claim, Evidence and Reasoning from the
previous page, you will write a scientific explanation where you include your Claim Evidence and Reasoning.

Question: Which are the 2 most convincing and clear pieces of evidence when trying to explain climate change?
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Rubric Category

Doesn’t meet expectations

B
“

Satisfactory
L 4

Meets expectations
& e &
A A 4

NS

Exceeds expectations
oy o o &
LEEE

Productivity

| don't follow the procedures,
struggle to record the parts for
climate change evidence and don’t
respond to the climate change
guestions in an average way.

| can follow most of the
procedures, record the parts for
climate change evidence and
respond to the climate change
guestions in an average way.

| can follow all the procedures,
successfully record all parts for
climate change evidence and respond
to the climate change questions in a
comprehensive way.

| can efficiently follow all the
procedures, successfully record all
parts for climate change evidence
and respond to all climate change
questions in an exceptional way.

Understanding

| don’t show a clear understanding
of the scientific concepts behind
climate and don’t show the
evidence and significance of
climate change.

| show some understanding of the

scientific concepts behind climate

and the evidence and significance
of climate change.

| show a clear understanding of the
scientific concepts behind climate and
the evidence and significance of
climate change.

| show a clear and in-depth
understanding of the scientific
concepts behind climate and the
evidence and significance of climate
change.

Claim

| don’'t make a claim at all.

| can make an accurate and
complete claim, but don’t address
the research question.

| can make an accurate but
incomplete claim that answers the
original question.

| can make an accurate and
complete claim that answers the
original question.

Evidence

| don’t provide any evidence.

| can provide appropriate and some
evidence to support the claim, but it
doesn’t include specific data
examples.

| can provide evidence to partially
support the claim, which includes
specific data examples.

| can provide appropriate and
sufficient evidence to support the
claim, which includes specific data
examples.

Reasoning

| don’t provide any reasoning

| provide some reasoning that
explains how the evidence
supports the claim, but reasoning is
somewhat clear.

| can provide appropriate reasoning
that clearly explains how the data
cunts as evidence to link with and
supports some of the claim.

| can provide reasoning that clearly
explains how the data counts as
evidence to link with an support the
claim.

Vocabulary

| cannot use any academic
vocabulary words clearly from the
word bank or correctly in my
explanation.

| can use between 2 to 3 academic
vocabulary words clearly from the
word bank and correctly in my
explanation.

| can use at least 4 academic
vocabulary words clearly from the
word bank and correctly in my
explanation.

| can successfully use 4 or more
academic vocabulary words clearly
from the word bank and correctly in
my explanation.
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Name: Period: Date:

Scientific Explanation on Climate Change Worksheet (Part 1 of 2) *ANSWER KEY*

Instructions: You will now create a scientific explanation about climate change based on the question shown
below. Before you create your scientific explanation, you will complete the following graphic organizer. First,
complete the “Claim” with details that explain that claim. Then complete the “Evidence” part, with pieces of evidence
that can support your claim. Then you will talk about the reasoning that supports the evidence or the claim. Include
words from the word bank below in your graphic organizer below.

Question: Which are the 2 most convincing and clear pieces of evidence when trying to explain climate change?

CLAIM EVIDENCE REASONING
You draw a conclusion about Addresses the question, such Logically links the evidence

the question above. as quantitative data, with conceptual understanding
graphical interpretations. such as formulas, definitions,
law, or theories

e Land ice melt rates e When people think climate
e The 2 most convincing and change, they think of rising
clear pieces of evidence e How much ice melts per temperatures
when trying to explain year.
climate change are: e Land ice sheets melting
o “Antarctica has lost 127 shows a direct result of
Rising sea levels 2 clear billion tons of ice in the increasing heat - as
span of 1993 to 2016.” temps. Have increased so
Land ice sheets melting - has the melt rate.
convincing e How many inches sea
has risen in ‘x’ amount of e Sea levels rising also
years. shows the impacts of
temperature increase >
o NASA'’s climate facts also the melting land ice leads
state that the seas have to higher sea levels

risen eight inches in the
last century.

Word Bank
Climate change | Satelltes | Sealevel | Oceans | Warmingtemperatures | Snow | Rain
NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI)) 37

Matthew Pearce | Education Program Specialist | GSFC Office of STEM Engagement



National Aeronautics and Space Administration

Goddard Institute for Space Studies
New York, N.Y.

Name: Period: Date : *ANSWER KEY*
Scientific Explanation of Climate Change Worksheet (Part 2 of 2)

Instructions: Now that you have completed the graphic organizer about Claim, Evidence and Reasoning from the
previous page, you will write a scientific explanation where you include your Claim Evidence and Reasoning.

Question: Which are the 2 most convincing and clear pieces of evidence when trying to explain climate change?

Climate change is one of the most pressing issues the world faces today. Oceans, forests, and life
on Earth are endangered due to its harmful effects. However, in order to go about solving this issue,
scientists must find a way to convince the public, policymakers, and stakeholders that it does in fact
pose a threat significant enough to invest in. In order to best convince people of climate change,
scientists should use melting ice sheets and sea level rise as examples because they clearly

demonstrate the consequences of temperature rise.

Land ice sheets around the world have been melting which has had negative impacts on the polar
climates they are located in. Worst of all, the ice has been melting at an increasingly high rate.
According to NASA’s climate facts, Greenland loses 279 bill metric tons per year compared to
Antarctica which loses 149 bill metric tons per year. The data highlights such drastic ice sheet loss
which is bound to convince people that these rising temperatures do in fact pose a threat to polar
ecosystems. The fact that land ice sheet melt has such clear evidence pointing to the impacts of

temperature increase makes it a very compelling example of climate change.

Sea level rise is another pressing issue that has significantly worsened due to climate change
Rising sea levels put coastal regions and islands at high risk of flooding if this issue worsens in the
coming years. NASA’s climate facts also state that the seas have risen eight inches in the last century.
The explanation for this additional water is the melting of sea ice which is another clear effect of
warming temperatures. The sea ice could have only melted because the temperatures have increased.
Having such blatant evidence is important when it comes to convincing people because it provides

logical and irrefutable evidence that climate change is having an impact.

In addition, there are many ways to go about proving climate change, and most examples can be
supported by very persuading evidence. However, it is important to keep in mind what will convince
people the most while considering any personal beliefs they may have. Climate change has always
been a delicate subject as it often clashes with people’s political or religious views. It is the job of

scientists to use the most persuading yet sensitive evidence when publicizing such large findings.
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oceans because they don’t physically feel any warmer).

For that reason, | believe the examples of ice sheet melt and rising sea levels are the best
because they not only clearly demonstrate direct results of increasing temperatures, they also

propose evidence that is much harder to be dismissed due to feelings (i.e. not believing in warming

Overall, although scientists have found lots of proof that climate change does in fact pose a threat,
not all evidence is as comprehensive to people outside of the scientific community as others. The
largest effect of climate change people think of is temperature rise. Following that logic, one should use
the most direct evidence of temperature increase to then prove climate change. Since ice sheet melt
and sea level rise are very clear evidence of melting as a result of warming temperatures, they are the
best and most compelling ways to demonstrate the danger this issue poses. In all, climate change will
always be challenging to prove, but there is evidence that can persuade people faster, and scientists

must use that evidence so that the threat is realized before it becomes irreversible.

Rubric Category

Doesn’t meet expectations

L
“

Satisfactory

o &
a4

Meets expectations

¢ o8 &
K a4

Exceeds expectations

oy S S &
I S 4

Productivity

| don't follow the procedures,
struggle to record the parts for
climate change evidence and don’t
respond to the climate change
guestions in an average way.

| can follow most of the
procedures, record the parts for
climate change evidence and
respond to the climate change
guestions in an average way.

| can follow all the procedures,
successfully record all parts for
climate change evidence and respond
to the climate change questions in a
comprehensive way.

| can efficiently follow all the
procedures, successfully record all
parts for climate change evidence
and respond to all climate change
questions in an exceptional way.

Understanding

| don’t show a clear understanding
of the scientific concepts behind
climate and don’t show the
evidence and significance of
climate change.

| show some understanding of the

scientific concepts behind climate

and the evidence and significance
of climate change.

| show a clear understanding of the
scientific concepts behind climate and
the evidence and significance of
climate change.

| show a clear and in-depth
understanding of the scientific
concepts behind climate and the
evidence and significance of climate
change.

Claim

| don’'t make a claim at all.

| can make an accurate and
complete claim, but don’t address
the research question.

| can make an accurate but
incomplete claim that answers the
original question.

| can make an accurate and
complete claim that answers the
original question.

Evidence

| don’t provide any evidence.

| can provide appropriate and some
evidence to support the claim, but it
doesn'’t include specific data
examples.

| can provide evidence to partially
support the claim, which includes
specific data examples.

| can provide appropriate and
sufficient evidence to support the
claim, which includes specific data
examples.

Reasoning

| don’t provide any reasoning

| provide some reasoning that
explains how the evidence
supports the claim, but reasoning is
somewhat clear.

| can provide appropriate reasoning
that clearly explains how the data
cunts as evidence to link with and
supports some of the claim.

| can provide reasoning that clearly
explains how the data counts as
evidence to link and support the
claim.

Vocabulary

| cannot use any academic
vocabulary words clearly or
correctly in my explanation.

| can use between 2 to 3 academic
vocabulary words clearly and
correctly in my explanation.

| can use at least 4 academic
vocabulary words clearly and correctly
in my explanation.

| can successfully use 4 or more
academic vocabulary words clearly
and correctly in my explanation.
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Period:

Images of Change Worksheet

Date:

Instructions: You will look at the Images of Change on this website: https://climate.nasa.gov/images-of-
change. After, you have to choose an image of change that is appealing to you (use the slider to see before
and after) Then complete the chart below, including a description and how it connects to climate change.

Name of image of

change

Observations and descriptions about

image of change using the slider

How does this image reflect and connect
to climate change or climate variability?

Rubric Category

Doesn’t meet expectations

B
“

Satisfactory
L 4

Meets expectations
@ @
LEX

Exceeds expectations
@ @
LA A A 4

Productivity

| don't follow the procedures,
struggle to record all parts of the
worksheet and don’t respond to all
guestions in an average way.

| can follow most of the
procedures, record all parts of the
worksheet and respond to all
guestions in an average way.

| can follow all the procedures,
successfully record all parts of the

worksheet and respond to all
questions in a comprehensive way.

| can efficiently follow all the
procedures, successfully record all
parts of the worksheet and respond to
all questions in an exceptional way.

Understanding

| don’t show a clear understanding
of the scientific concepts behind
climate and the evidence and
significance of climate change
factors over time.

| show some understanding of the
scientific concepts behind climate
and the evidence and significance
of climate change factors over
time.

| show a clear understanding of the
scientific concepts behind climate

and the evidence and significance of
climate change factors over time.

| show a clear and in-depth
understanding of the scientific
concepts behind climate and the
evidence and significance of climate
change factors over time.
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Period:

Images of Change Worksheet

Date:
*ANSWER KEY*

Instructions: You will look at the Images of Change on this website: https://climate.nasa.gov/images-of-
change. After, you have to choose an image of change that is appealing to you (use the slider to see before
and after) Then complete the chart below, including a description and how it connects to climate change.

Name of image

of change

Observations and descriptions about image
of change using the slider

How does this image reflect and
connect to climate change or
climate variability?

| can observe with the slider that before, this reservoir
shows, it held 7,734 million cubic feet (219 million

This image connects to the lack of ice on
the mountains. Furthermore, as the

Drought Shrinks cubic meters) of water in 2016. Later, in the year 2020 | phenomenon of global warming becomes
Chile’s El Yeso image, it had lost more than half of volume, leaving more visible on our planet, longer droughts
Reservoir. only 3,496 million cubic feet (99 million cubic are seen, due to the acceleration of

meters). The cause is a drought that has plagued melting glaciers and drastic changes in

central Chile for more than a decade. precipitations and snow patterns.

| can observe with the slider that before torrential rains | This image connects to higher

brought Australians relief from catastrophic wildfires. temperatures of the atmosphere, the
Rains Douse These storms also swamped parched lands and made | greater the content of water vapor that it
Fires, Cause rivers overflow, leading to muddy floods in many can hold and the precipitating systems
Floods in New coastal regions. Later, in February image shows have more available water and the greater
South Wales, flooded land around farming communities in the state | the probability of torrential rains. In
Australia. of New South Wales. addition, with global warming, heavy

rainfall is repeated more severely.
| can observe with the slider that before 1901 This image connects to glaciers melting
geological maps estimated that Okjokull (“Jékull”is and shrinking, therefore leading to sea
Iceland's Ok Icelandic for “glacier”) spanned about 15 square miles | level rise.

Glaciers Melts
Away.

(38 square kilometers). Later, in 1978, aerial
photography showed the glacier had shrunk to about
1 square mile (3 square kilometers). Today, less than
half a square mile (less than 1 square kilometer)
remains.

This is result from warming. It’s the product
from higher GHG's.

Heat Wave turns
Europe brown.

| can observe with the slider that in 2017 Denmark,
Sweden, the Netherlands, Germany and Poland
showed green and snowy portions. Later, in 2018 the
same region, much of this part of the world turned
brown in just a month, during which several countries
experienced record high temperatures and low
precipitations. The United Kingdom experienced its
driest first half of summer (June 1 to July 16) on
record.

This image connects to higher
temperature, less rainfall, droughts and
floods caused by changes in the length of
seasons, and therefore heat waves
increase. This event is more of a climate
variability, than climate change.

Hurricane
Maria's Damage
to Puerto Rico’s
Forest.

| can observe with the slider that in 2017 the image,
taken before the hurricane struck, showed a big
forest. Later, in September of the same year, these
images show the impact of Hurricane Maria in Puerto
Rico. The forests were reduced to a tangle of fallen
trees and isolated survivors.

This image connects to the rising
temperature of the sea causing hurricanes
to become more violent. In addition, at
higher temperatures, more hurricanes, with
all the problems they entail: destruction of
cities and crops.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
Matthew Pearce | Education Program Specialist | GSFC Office of STEM Engagement

41



https://climate.nasa.gov/images-of-change
https://climate.nasa.gov/images-of-change

National Aeronautics and Space Administration

Goddard Institute for Space Studies
New York, N.Y.

Student One-Page Image of Change Student Sample Poster

Title: “Hurricane Maria's Damage to Puerto Rico’s Forest.”
By: Student

Image description and its relation to Climate:

| can observe with the slider that in 2017 the image taken before the
hurricane struck, showed a big forest. Later, in September of the same
year, these images show the impact of Hurricane Maria in Puerto Rico.
The forests were reduced to a tangle of fallen trees and isolated survivors.

This image connects to the rising temperature of the sea causing
hurricanes to become more violent. In addition, at higher temperatures,
more hurricanes, with all the problems they entail: destruction of cities and
crops.

Image before hurricane Maria:

Image after hurricane Maria:

Why this image is meaningful to me:

This image was significant for me because my family lived in Puerto Rico
for a long time and saw the great disaster that Hurricane Maria left.

The great forests were destroyed in their entirety, knocking down houses
and claiming many human lives.

This Hurricane category 4 with winds of up 155 miles per hour affected
the forest. An estimated 20 to 40 million trees were damaged or killed
when they were stripped of foliage, snapped in half or ripped from the
ground. In addition, loss in forests and nature takes years to recover.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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Images of Change Poster Rubric For Students

Doesn’t meet

expectations

Satisfactory
4

Meets expectations

Exceeds

Images

&
<

titles.

| don’t include two
images that reflect
the before and after
of the location with
good descriptive

titles.

| can include two
images that reflect
the before and after
of the location with

Lax
| can efficiently

and after of the
location with good
descriptive titles.

include two images
that reflect the before

expectations
LLLX

I can efficiently include
two images that reflect
the before and after of
the location with
creative descriptive
titles.

Image

Description of

what exactly
happened in this
location.

| can’t describe the
images to reflect

| can describe the

happened in this
location.

images in ways that
reflect what exactly

| can describe the

in descriptive ways
that reflect what
exactly happened in
this location.

images in-depth and

| can describe the
images in-depth and
in very descriptive
ways that reflect what
exactly happened in
this location.

Meaningfulness

these images are

in any way.

| can’t describe why

meaningful to me and

| can describe why
these images are
meaningful to me in
very descriptive way.

| can describe why
these images are
meaningful to me and
in a very descriptive
way.

| can describe why
these images are
meaningful to me and
in-depth and in very

descriptive way.

Productivity

| don’t follow the

to record all parts of
the worksheet and
don’t respond to all
guestions in an
average way.

| don’t show a

procedures, struggle

| can follow most of
the procedures,
record all parts of
the worksheet and
respond to all
qguestions in an
average way.

I can follow all the
procedures,
successfully record all

parts of the
worksheet and
respond to all
questions in a
comprehensive way.

| can efficiently follow
all the procedures,
successfully record all
parts of the
worksheet and
respond to all
questions in an
exceptional way.

Understanding

clear understanding
of the scientific
concepts behind
climate and the
evidence and
significance of
climate change
factors over time.

| show some
understanding of the
scientific concepts
behind climate and
the evidence and
significance of
climate change
factors over time.

| show a clear
understanding of the
scientific concepts
behind climate and
the evidence and
significance of climate

change factors over
time.

| show a clear and in-
depth understanding
of the scientific
concepts behind
climate and the
evidence and
significance of climate

change factors over
time.
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Websites used in this lesson:

Climate Time Machine: https://climate.nasa.gov/interactives/climate-time-machine/

Climate Time Machine

This series of visuakzations shows how some of Earth's key climate
indicators are changing aver time

@..@-

Sea lca Sea Leval Carbon Dioxide " re

sk GI.OGAL CLIMA’I‘E CHANGE Climate Time Machine
~J \ Signs ol the Planel v

Climate Change Evidence: https://climate.nasa.gov/evidence/

GLDBALCUMATECHANGE Fa
Nasa FACTS  ARTICLES SOLUTIONS  EXPLORE  RESOURCES  MASA SCIENCE

slgns af 1@ Flanct
P

Evidence

Climate Change: How Do We Know?

<+— cumrent level

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
Matthew Pearce | Education Program Specialist | GSFC Office of STEM Engagement

44


https://climate.nasa.gov/interactives/climate-time-machine/
https://climate.nasa.gov/evidence/

National Aeronautics and Space Administration

Goddard Institute for Space Studies
New York, N.Y.

Images of Change: https://climate.nasa.gov/images-of-change

NASA F-LUBAL CLMATE LHANLVK'
an

v Siqns of tt

We Persevere Video: https://www.youtube.com/watch?v=6g9A9iaAUo8k
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Lesson Presentation Slides:

ENGAGE:

EXPLORE:

Climate Change Know and Wonder Activity

Instructions for activity:

1. You have 2 minutes to record your ideas quietly.

2. You will share your ideas during 5 minutes with the group you're
sitting with. (1 minute per person) Record your ideas. Keep track of time.

3. Later, you will brainstorm ideas from what you have shared and come up with a
definition for what climate change is, then record it .

4. Lastly each person has 1 minute to come up with questions about climate
change. discuss these questions as a group and record them in the "What we
wonder about Climate Change" part.

NQSI\ Lesson 1: Engoge

AP

Climate Change Know and Wonder Activity

Think deeper about

What | know about NASA?
What we know about NASA?
Our group definition of NASA?

What | want to learn about NASA?

[VaSA Losson - Engose |

NASA |esson 1: Explore

AR
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Climate Time Machine exploration
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NASA | esson 1: Explore

EXPLAIN:

Climate Change Scientific Explonation

Instructions for activity:

1. Use the worksheet titled: “Scientific Explanation on Climate
Change Worksheet".

. You will now create a scientific explanation.

You will create a scientific explanation using: Claim, Evidence, and Reasoning.

2
3
4, Complete this graphic organizer and use the word bank.
5

NASA |esson | Explain
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EXTEND:

Images of Change Analysie

Instructions for activity:

1. In groups of 2 students, you will analyze 2 different images
of the same location before and after.

2. Go to this website: hitps://climate.nasa.gov/images-of-change
3. Record the ideas and responses,

4. Compare the effects of climate change based on the before-and-after images
from the same.

‘5. Record your observations on the graphic organizer.

Images of Change Analysis
ENASA Lesson T Extend

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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EVALUATE:

e
TG |
Instructions for activity: i ﬁ
: o
1. You will choose an image and create a brief poster.

2. The poster will be include: the image, a description of the image and why it
was meaningful to the students.

3. Put your posters around the classroom where we will do a gallery walk.
4. Provide feedback: warm = positive statement cool = raises a question

5. You will write down your feedback on your classmates’ poster.

NQSA Lesson 1 Evaluate

Presentations about Images of Change

Images of Change Poster Rubric
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NASA Lesson 1: bvaluate

Differentiated instruction activities

This lesson includes instructional activities that promote differentiation in the following ways:

e Students learn new content in multiple ways including orally (through groups and class

discussions), visually (through the use of videos and images), data analysis (through
infographics and graphs) and reflection.

e Students use graphic organizers that help them process and organize their understanding
of the new content.

Lessons include graphic organizers with sentence starters that benefit English Language

Learners and Special Education students to organize their ideas in better ways.

o Every lesson is adaptable to the personal learning plans of students.
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11. Conclusion, Assessment Quantification and linkage to next lesson:

This has been the first lesson of this climate unit plan which had a focus on climate change
and its effects at a global scale. During this first lesson, students had the opportunity to
engage in authentic learning experiences through discovery, research and exploration by
defining what is climate change individually and in groups. In addition, they had the
opportunity to discuss climate change in groups and as a class, identify climate change
evidence and climate variability and explain its significance. In addition, students observe the
evidence for global climate change by creating a scientific explanation about climate change
factors and identify how the environment has been altered before and after an event in
different parts of the world. Furthermore, students observe and analyze different satellite
images related to climate and create a poster about a location on Earth that has been affected
by climate change and provided feedback on classmates’ posters. The completion of all
worksheets, tasks and activities with a high rubric grade demonstrates assessment
quantification of student’s learning. In the next lesson, students will learn more about remote
sensing, specifically satellite imagery, and its use in order to study climate factors.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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XIll.  Lesson 2: Seeing From Another View Through Satellites
1. Table of Contents for lesson
Section Page
Summary & Goals 51
Lesson Model 53
Content Template 55
Supporting Documents 62
Conclusion 82

2. Summary and Goals of Lesson

This lesson is titled “Seeing From Another View Through Satellites” and it serves as
lesson 2 of this unit plan which incorporates the 5E model template. It focuses on
remote sensing as well as satellites and their instruments to better understand how
scientific research uses these resources to study Earth’s climate.

The goals for this lesson include students to be able to:

Simulate ground-based and satellite surface temperature recordings
Discuss the different methods to record physical characteristics of Earth’s
surface

Define remote sensing and its advantages

Read and reflect on TERRA and Landsat satellites and its instruments
Present about TERRA and Landsat satellites and their instruments
Investigate on climate satellites from Earth Now and analyze and explain
their contribution to climate research

Investigate TERRA satellites from Earth Now and analyze their instruments
and explain their contribution to climate research

Evaluate their knowledge by matching satellites and their instruments with
their descriptions

The goals for this lesson will be met throughout the activities and assignments for
each part of the lesson plan.

3. CCRI Lesson Plan Content Template

*Scroll down to see content

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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HS-ESS2-2 Analyze geoscience data to make the claim that one change to Earth’s ELA-LITERACY.RL.11-12.1: —Earth Science
surface can create feedbacks that cause changes to other Earth systems. e  Cite strong and thorough textual evidence to support analysis of what
the text says explicitly as well as inferences drawn from the text,
HS-PS4-6 Different patterns may be observed at each of the scales at which a system is including determining where the text leaves matters uncertain.

studied and can provide evidence for causality in explanations of phenomena.
CCSS.ELA-LITERACY.RST.11-12.9

New York State Earth Science Standards (NYSES): e  Synthesize information from a range of sources (e.g., texts,

NYSES 2.1g Weather variables can be represented in a variety of formats including radar experiments, simulations) into a coherent understanding of a process,
and satellite images, weather maps (including station models, isobars, and phenomenon, or concept, resolving conflicting information when
fronts), atmospheric cross-sections, and computer models. possible.

NYSES 1.1b The Earth is orbited by one moon and many artificial satellites. CCSS.ELA-LITERACY.W.11-12.2

Write informative/explanatory texts to examine and convey complex ideas,

Phenomenon: Flow of Energy and Matter concepts, and information clearly and accurately through the effective selection,

organization, and analysis of content.
Crosscutting concepts:

e  Systems and System Models
. Interdependence of Science, Engineering, and Technology Patterns
e  Energy and matter

Content Area and Grade Level Name of Project-Based Activity or Theme: Estimated Time Frame to Complete:

Content Area: Earth Science
Grade Level: 11 & 12 grades

Students will analyze two different images of the same location (a before version and an
after version), and describe the changes over time due to climate change.

This is the first lesson of 5 parts of this unit plan. It is estimated
to take 5 days, if taught on periods of about 55 minutes a day.

Overall Investigation Question(s): How do we learn more about climate satellites and their instruments and how do we use remote sensing to study Earth’s climate like elements?

Overall Project Description/Activity: Learn about climate satellites and their instruments through different platforms and use remote sensing to study Earth’s climate like elements i.e. temperature.

Materials Needed to Complete Project  Stakeholders: Hyperlinks Used: Multimedia/Technology: Classroom Equipment:

Provided worksheets —Students Twenty Years of Terrain Our Lives Laptops with internet Laptops
—Educator Link: https://terra.nasa.gov/news/twenty-years-of-terra-in-our-lives connection . Smartboard
—Administrator ASTER e  Laptops with PowerPoint

Link: https://terra.nasa.gov/about/terra-instruments/aster e Smartboard
CERES

Link: https://terra.nasa.gov/about/terra-instruments/ceres

MISR

Link: https://terra.nasa.gov/about/terra-instruments/misr

MODIS

Link: https://terra.nasa.gov/about/terra-instruments/modis

Landsat

Link: https://landsat.gsfc.nasa.gov/about/

Earth Now

Link: httgs://climate.nasa.gov/earth—now/
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NASA System Engineering Behaviors

Uses visuals to communicate complex
interaction

National Aeronautics and Space Administration
Goddard Institute for Space Studies

Category

Communications

Activities

Students will identify how climate satellites like TERRA have its own
instruments that have a specific purpose to study Earth’s climate.

Student Outcomes

Work cooperatively with team
members to discuss Landsat and
TERRA'’s instruments

Evaluation

Remote sensing

Communicates effectively through
personal interaction

Communications

Students will work together in groups in order to present about the
different instruments in TERRA satellite

Complete their definitions and
descriptions about the different types
of instruments it has.

Remote sensing

Present about the different instruments

) ) Leadership Students will work in harmony and assign tasks and responsibilities Climate and
Builds Team Cohesion among peer in order to work for a common goal. that TERRA has as well as Landsat. temperature
A iates/R . oth Leadership Students value each of their members in the group for their Provide feedback on their classmates’
ppreciates/irecognizes ers contribution and support their ideas. presentations and supports them.
Attitudes & Students will choose their own climate satellites and work with their Discuss different views and opinions
Has a comprehensive view Attributes partners to discuss their missions and descriptions. about the satellites they choose and Remote sensing
why they’re important.
. ) Attitudes & Students will use different types of resources (evidence) in order to Use the provided resources to explain
Seeks information and uses the art of : : : o : R L ) ’
uestionin Attributes analyze remote sensing and explain why it's meaningful in climate what remote sensing is and its Remote sensing
d 9 research. importance in research.
. . . Systems Students will find satellite instruments from Worldview platform and Validates the evidence and put it
Valldates_ facts, information and Thinking validating their functions. together in order to explain it. Climate
assumptions
Keeps the focus on mission Systems Students yviII work on the‘assigned work and task in order to Pay attention and follow procedures to
requirements Thinking complete it by the given time. complete the task.
. Technical Teacher will give feedback to students based on their performance at the Reflects and uses feedback to do better.
Learns from success and failures Acumen activities and students will use and reflect on that feedback.

List and attach all PowerPoint
presentations and supportive
documents for instructional activities

List and attach all rubrics for activity
and assessment evaluation

Attachments?

Attachments?

List Attached Documents:

Temperature Recording from National Park Activity Worksheet

Twenty Years of Terra in Our Lives Worksheet

Earth-Now General Satellites and their Instruments Worksheet

TERRA Satellites Matching Satellites Activity Worksheet

List Attached Rubrics:

Temperature Recording from National Park Activity Worksheet Rubric
Twenty Years of Terra in Our Lives Worksheet Rubric
Earth-Now General Satellites and their Instruments Worksheet Rubric

TERRA Satellites Matching Satellites Activity Worksheet Rubric
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4. Mission Alignment
This lesson is part of this climate unit plan and aligns with NASA’s Terra satellite mission.
Terra explores the connections between Earth's atmosphere, land, snow and ice, ocean,
and energy balance to understand Earth's climate and climate change and to map the
impact of human activity and natural disasters on communities and ecosystems. It also
aligns with Landsat satellite mission, whose groundbreaking series of repetitive imaging of
Earth’s land at a spatial resolution that shows human interaction with the environment.

5. Time to implement lesson
After the first lesson and before the third lesson in this unit plan.
This can be implemented without the first lesson in this unit plan.

6. Materials required.
—Computers
—Worksheets and supporting documents are provided at the end the lesson template.

7. 5 E lesson model template:

What the Teacher does What the Students do Time
ENGAGE

Outside Temperature Recordings Activity

e Tell students that they will work on this task
called “Park Ranger and Scientist” to simulate e Listen to introduction of
temperature recording of national parks. The activity.
purpose of this activity is to allow students to
get an introduction on what is remote sensing
and why satellites are important for data
recording. Refrain from telling the purpose of e Go outside of the classroom
the activity to students so the activity is more as a class.
meaningful to them while doing it.

e The teacher begins the class by taking the
students outside the classroom to a grassy
area. The park could be from 50 feet square
or bigger.

e Students go outside of the 40 mins

classroom to the designated
place to do the activity.

¢ Once outside, tell students to lie down on their
stomachs on the grass. Tell students that in
this task, they are interns at a national park
(you can choose a national park name) and
that they have been assigned to count the
park’s thermometers which record
temperatures in different parts of the park.

e Throw a random number of colored push pins
in different parts that represent the
thermometers (at least 15).
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After students have counted the thermometers
(colored push pins) at eye-level, have them
stand up and count the push pins. Then, have
students come back to the classroom and
reflect on the activity by writing a response to
the question, “As a scientist and park ranger,
would you prefer to study the park from the
ground or the air? What if you’re studying
temperatures like surface temperatures?
Explain why.”

Then guide the class in a discussion in order
to promote deeper thinking, by asking
guestions such as:

o What are some complications that can
emerge while studying physical
characteristics from above?

o What connections can you make
between the physical world and this
activity?

o What could be another physical
characteristic aspect that could be
monitored besides temperature?

o What are advantages of remote
sensing (above observations like
satellites) than ground-based
instruments?

e Students are writing the
different ways how they
would prefer to study the
national park and then
discussing their ideas among
their groups.

e Students are engaged in a
class discussion about
remote sensing where they
reflect on the activity and
think deeper in the bigger
concept of remote sensing.

EXPLORE

Terra NASA Climate Research Satellite

Tell students that they will now find out more
about remote sensing with Terra (a multi-
national NASA scientific research satellite).
This article (attached below) is called “Twenty
Years of Terra in Our Lives” which also
provides information about its instruments
such as ASTER, CERES, MISR, MODIS,
MOPITT and satellite LANDSAT.

During this article reading, students will

e Listen to introduction of
activity.

explore how Terra has been doing remote * Students will read an article | 45 mins
sensing for the last 20 years. The satellite’s about remote sensing with

five instruments concurrently observe Earth’s Terra and how it works called,
atmosphere, ocean, land, snow and ice, Twelzty Years of Terra in Our

providing insights into Earth systems such as Lives” by NASA.

the water, carbon and energy cycles. The

MODIS and ASTER instruments onboard also
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provide critical information for assessing and
managing natural disasters and other
emergencies.

e The teacher may choose to take a group of
students to read on their own to a side of the
classroom. This would be a differentiation
strategy to help those with reading disorders
or English Language Learners.

e Then, after students have finished their
independent readings, the teacher will assist
groups in completing the graphic organizer as
they explore about Terra’s remote sensing
while circulating around the classroom.

Students will complete a
graphic organizer where they
will reflect on the text and
record their findings about
satellites and remote sensing.

EXPLAIN
Terra Satellite Presentations

e The teacher will put students in groups of 4
students. These groups will create a series of
small 4-minute oral presentations about what
is remote sensing and how Terra has worked
over the last decades.

¢ You may choose to put students in
homogeneous grouping, by distributing
students who function at similar academic,
social, and emotional levels, in the same
cooperative learning group together. This is a
way of differentiating education students or

Listen to introduction of
activity.

English Language Learners. 40 mins
e Assign one instrument from Terra to each ¢ Studer_lts will present th_elr
group which they will present about between: anglyss of the article with
ASTER, CERES, MISR, MODIS, MOPITT, their groups. Purpose,
and Landsat satellite. Students can use the Method,_Analy_S|s, and
whiteboard, PowerPoint, etc. to consolidate Conclu5|on§ will b.e the .
their thoughts and explain the theme and expected dlsqussmn points
purpose of their satellite instrument. for each fe?‘d'”gz They can
take notes in their graphic
e Students can find further information on the organizers. The presentation
satellites and their instruments, if needed, on Sh.OUId be no longer than 4
the following websites: minutes.
https://terra.nasa.gov/about/terra-instruments/aster
https://terra.nasa.gov/about/terra-instruments/ceres
https://terra.nasa.gov/about/terra-instruments/misr
https://terra.nasa.gov/about/terra-instruments/modis
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https://terra.nasa.gov/about/terra-instruments/mopitt
https://landsat.gsfc.nasa.qov/about/

e Tell students that each student in the group
will be required to participate in the
presentation process. This presentation will be
a formative assessment, as the teacher can, .
in the process of visiting each group,
determine the participation and analysis of
each student, plus their understanding of
remote sensing.

e At the end of each presentation, allow 1-2
minutes for questions that their classmates
can make about their remote sensing
presentation.

After each presentation, other
students will get 1-2 minutes
to ask questions about their
peers’ presentation.

EXTEND

Earth Now Climate Satellites and Terra Analysis

e Tell students that they will now work in groups y
of 2 students to investigate about other
satellites that do climate research on NASA'’s
Earth-Now Platform. Earth Now is an
application that visualizes recent global
climate data from Earth Science satellites. The
visualized data include surface air
temperature, carbon dioxide, carbon
monoxide, ozone, and water vapor, as well as
gravity and sea-level variations. It can be
accessed here:

Listen to introduction of
activity.

Access Earth-Now platform

https://climate.nasa.gov/earth-now/ a_nd Investigate about _the 60 mins
different climate satellites.
e Tell students that they will have the .
opportunity to describe the satellites ¢ M_ake observgtlons about the
presented at Earth Now. Students will have climate satellites, ana_lyze
the freedom to choose among the different dataset of each sat(_alllte and
satellites. Then they will further investigate record the ob_servathns as
that satellite by analyzing its dataset and well as explain what it means
recording observations and explanations on on _th_e worksheet,
the worksheet called “Earth-Now General individually.
Satellites and Its Instruments.” Remind
students that each student will turn in their
individual worksheet.
e After students have completed the first part .
about satellites on Earth Now like GPM, * Make observa_ttlons about the
GRACE-FOL, Jason-3, ICESat-2, etc. Then TERRA satellite, analyze
they will focus on the TERRA satellite and dataset of each Sat?”'te and
record the observations as
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further investigate its instruments including
ASTER, CERES, MISR, MODIS and MOPITT,
where they will describe the satellites as well
as explain their importance to global climate
research. Remind students that each student
will turn in their individual worksheet.

well as explain its instruments
importance to global climate
research

EVALUATE

Terra and Landsat Satellite Instruments Sorting
e Tell students that they will now evaluate
their knowledge about the satellites that
they have been learning about, including
Landsat and TERRA and its instruments
like ASTER, CERES, MISR, MODIS and
MOPITT.

e The purpose of this activity is to cut the
images and key characteristics and mix
them up. Then have students work in
groups of 2 in order to match the image
and name with the description based on
their knowledge of previous readings on

Listen to introduction of
activity.

Students will work together to
read the descriptions of what
satellites do and the different
types of features they analyze
on Earth. Then, working with

remote sensing satellites and its trlle'r gron:]ps, theﬁ’. have to 60 mins
instruments. Then, guide students in a classify the satellites.
discussion about their matches.

e Suggested class discussion questions:

o If you could work on using remote - . . .
sensing for climate analysis and y Pf”““c'p?‘te in a discussion
could use one of these with their groups and class
instruments, which one would you where they reflect on what
choose? they have focm_Jse_d on

o What's the purpose of remote satellites and its instruments.
sensing versus ground-based
measurements?

o When acquiring data from these
instruments, what steps would you
follow in order to analyze land
surface temperatures?

o How does a Landsat satellite
differentiate between objects on
Earth's surface?

e The last part of this activity ends with an . .
individualloreflection in whiZh students * Write about thel.r knowledge
respond to the following question in and L_mde_rst_andlng of remote
writing: sensing, its importance for _

climate research and explain
how remote sensing data can
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e Explain what is remote sensing and why it
is important for climate research. Then
explain how remote sensing data can be
used to monitor human activity. Provide at
least two examples and an example of an
instrument or satellite that is important in
this process. You can have them look at
the sensor(s) that it's observing now.

¢ Have dictionaries available for students
who may need assistance while writing.

¢ In addition, tell students that they will now .
get to investigate about a NASA’s “James
Webb Telescope” and its instruments,
which will be the premier observatory of
the next decade since it will study every
phase in the history of our Universe,
ranging from the first luminous glows after
the Big Bang, to the formation of solar
systems capable of supporting life on
planets like Earth, to the evolution of our
own Solar System.

e You can find more information about the
NIRCam, NIRSpec, MIRI, and
FGS/NIRISS instruments on James Webb
Telescope instruments website here:
https://www.nasa.gov/mission _pages/
webb/instruments/index.html

o Tell students that now it’s their time to
build their own satellite through a
simulation game presented by the James
Webb Telescope. This will be a homework
assignment, so tell students that they will
have to access the following website
(which works on computers, phones and
tablets). The website has the steps on how
to build their own satellite based on the
features students choose to focus on:
https://jwst.nasa.gov/content/features/
educational/buildItYourself/index.html *

e Have students share their satellites to you
via email or print it out, so that you can
see their satellite products. This is a
fascinating way to end this lesson about
remote sensing and how satellites and its
instruments help us do research.

be used to monitor human
activity.

Learn about NASA’s James
Webb Telescope and its
instruments.

Build their own telescope by
following the steps on the
website and by the features
they choose.

Share the results of their
created telescope in NASA’s
James Webb Telescope
website.
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8. Standards:

Next Generation of Science Standards (NGSS):

HS-ESS2-2 Analyze geoscience data to make the claim that one change to Earth’s
surface can create feedbacks that cause changes to other Earth
systems.

HS-PS4-6 Different patterns may be observed at each of the scales at which a
system is studied and can provide evidence for causality in explanations of
phenomena.

DCI ESS2.A Earth Materials and Systems

CcC Energy and matter

Interdependence of Science, Engineering, and Technology

New York State Earth Science Standards (NYSES):

NYSES 2.1g Weather variables can be represented in a variety of formats including radar
and satellite images, weather maps (including station models, isobars, and
fronts), atmospheric cross-sections, and computer models.

NYSES 1.1b The Earth is orbited by one moon and many artificial satellites.

Common Core Standards:

ELA-LITERACY.RL.11-12.1 Cite strong and thorough textual evidence to support analysis of
what the text says explicitly as well as inferences drawn from the text, including determining
where the text leaves matters uncertain.

ELA-LITERACY.W.11-12.2 Write informative/explanatory texts to examine and convey
complex ideas, concepts, and information clearly and accurately through the effective
selection, organization, and analysis of content.

NASA System Engineering Behavior Model utilized in lesson

o Leadership
o Builds Team Cohesion
o Appreciates/Recognizes Others

o Communication
o Listens Effectively and Translates Information
o Communicates Effectively Through Personal Interaction

o Problem Solving & Systems Thinking
o Validates Facts, Information and Assumptions
o Has the Ability to Find Connections and Patterns Across the System
o Draws on Past Experiences

10. Supporting Documents:
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Name: Period: Date:

Temperature Recording from National Park Activity

Instructions: You will complete the following chart by answering the question in the black box below.
Make sure that you answer in full sentences.

Question: As a scientist and park ranger, would you prefer to study the park from the ground or the
air? What if you’re studying temperatures? Explain why.

Figure 1: Torres del Paine National
Park, in Chile's Patagonia region
during Summer

Rubric C Doesn’t meet expectations Satisfactory Meets expectations Exceeds expectations
ubric Category . o o o og & o S S o
: & A 4 K A A 4 LA A 4
| don't follow the procedures, | can follow most of the | can follow all the procedures, | can efficiently follow all the
Productivit struggle to record all parts of the procedures, record all parts of the successfully record all parts of the procedures, successfully record all
Yy worksheet and don’t respond to all worksheet and respond to all worksheet and respond to all parts of the worksheet and respond to
guestions in an average way. guestions in an average way. questions in a comprehensive way. all questions in an exceptional way.
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Name: Period: Date:

Temperature Recording from National Park Activity *ANSWER KEY*

Instructions: You will complete the following chart by answering the question in the black box below.
Make sure that you answer in full sentences.

Question: As a scientist and park ranger, would you prefer to study the park from the ground or the
air? What if you’re studying temperatures? Explain why.

I would like to study the park both by ground and by air. Because | can
closely analyze the environment, animals and the ecosystem.

By air, if there is a problem, maybe | would use a drone that would give
me a broader view of the environment in general.

If I am studying the temperatures, it would be useful to be close to the
ground using thermometers to measure the temperature of the ground
surface and analyze the changes that are registered.

| think that satellites could detect an anomaly in the park and would help
me to solve the problem. For example, if there is a fire and the
temperature is higher, this could put the animals and the ecosystem in
danger.

Figure 1: Torres del Paine National
Park, in Chile's Patagonia region
during summer.

Rubric C Doesn’t meet expectations Satisfactory Meets expectations Exceeds expectations
ubric Category Py o o o o & o o of ¢
K4 K A 4 LEX LEELE
| don’t follow the procedures, | can follow most of the | can follow all the procedures, | can efficiently follow all the
EraaluEivi struggle to record all parts of the procedures, record all parts of the successfully record all parts of the procedures, successfully record all
Yy worksheet and don’t respond to all worksheet and respond to all worksheet and respond to all parts of the worksheet and respond to
guestions in an average way. guestions in an average way. questions in a comprehensive way. all questions in an exceptional way.
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Name: Period: Date:
Twenty Years of Terrain Our Lives

Instructions: You will read the following text to learn more about Terra satellite and the different instruments that it
has. As you read, make sure to annotate the text by using the following symbols:

* = important | __ = keyword | ? =1don’t understand | © = unfamiliar word | ! = I'm surprised | « = made a connection

Twenty years ago, many of us connected to the internet
listening to the tones of the dial-up modem. We stressed about
how Y2K was going to impact our increasingly computer-
dependent lives on New Year’s Eve, 2000.

But we survived Y2K and now we scroll through the internet

silently on our phones.

There is no question that technology has changed. But, at the
same time that our lives on Earth were being shaped by our
access to technology, 705 kilometers above us, a satellite was
changing how we understood our planet. Designed and built in
the 1980s and 90s, NASA and Lockheed Martin engineers set
out to build a satellite that could take simultaneous
measurements of Earth’s atmosphere, land, and water.
Its mission — to understand how Earth is changing and to
identify the consequences for life on Earth. For 20 years,

Figure 1: Landsat 7 takes high-resolution imagery of the earth's surface

Terra, the flagship Earth observing satellite, has chronicled those changes. Season after season, Terra data
continue to help us understand how the evolving systems of our planet affect our lives — and how we can use that
data to benefit society.

Breathing clean air is important to sustaining healthy lives. Three of Terra’s instruments — the Multi-angle Imaging
Spectroradiometer (MISR), Moderate Imaging Spectroradiometer (MODIS), and Measurements of Pollution in the
Troposphere (MOPITT) — track air quality across the globe, identifying and measuring harmful sources and helping
people take precautions on poor air quality days. MODIS, with its daily global observations, combined with MISR’s
detailed views of airborne particles, produce imagery and data products used to track pollutants through the
atmosphere as well as to monitor poor air quality days.

Terra data are giving us a reason to breathe a little easier, showing us that air quality in many parts of the world is

improving. For example, MISR air quality data in Southern California from 2000-2015, have been able to separate

sulfate, nitrate, organic carbon, and elemental carbon particles, showing dramatic reductions in the level of harmful
human-caused airborne particles, providing evidence that environmental policy changes worked.

In addition to Terra, for over 40 years, the Landsat satellite has offered the longest continuous global record of the
Earth’s surface; it continues to deliver visually stunning and scientifically valuable images of our planet.

Rubric Doesn’t meet expectations Satisfactory Meets expectations Exceeds expectations
category 4 U3 w e R R
| don’t follow the procedures, struggle | can follow most of the procedures, | can follow all the procedures, read | can efficiently follow all the procedures,
to read the article and annotate the read the article and annotate most parts | the article and annotate all parts of the | read the article and successfully annotate
parts of the reading in an average of the reading in an average way. reading in an exceptional way.. all parts of the reading outstandingly.
way.
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Name;: Period: Date:

Twenty Years of Terrain Our Lives *ANSWER KEY*

Note: Student reading annotations are independent and should reflect the student’s
choice of annotations, this are just sample annotations that serve as a guide.

bout Terra satellite and the different Instruments that i

Instructions: \

following symbols

surprised | = made a connection

Twenty years ago, many of us connected to the internet listening to

the tones of the dial-up moden;BNe stressed about how@was

going to impact our incraasingly' computer-dependent lives on New
Year's Eve, 2000.

But we survive@nd now we scroll through the internet silently

on our phones.

There is no question that technology has changed.aB?t. at the same time that our lives on Earth were being
shaped by our access to technology, 705 kilometers above us/g satellite was changing how we understood
our planet. Designed and built in the 1980s and 90s, NASA éT1d Lockheed Martin engineers set out to build a
satellite that could take simultaneous measurements of Earth’'s atmosphere, land, and water. Its mission —to
understand how Earth is changing and to identify the consequences for life on Earth. .)\\-

For 20 years, Terra, the flagship Earth observing satellite, has chronicled those changes. Season after
season"Ten'a data continues to help us understand how the evolving systems of our planet affect our lives —
and how we can use that data to benefit society. -

Breathing clean air is important to sustaining healthy lives. Three of Terra's instruments — the Multi-angle
Imaging Spectroradiometer Moderate Imaging Spectroradiomete and Measurements of
Pallution in the Troposphere m — frack air quality across the globe, identifying harmful sources and
helping people take precautions on poor air quality days. .)K—

with its daily global observations, combined witetaned views of airborne particles,

produce imagery and data products used to track pollutants through the atmosphere as well as to forecast
poor air quality days. ?
-

#erra data are giving us a reason to breathe a little easier, showing us that air quality in many parts of the
world is improving. For example@ air quality data in Southern California from 2000-2015, has been able
o separate sulfate, nitrate, organic carbon, and elemental carbon particles, showing dramatic reductions in ?
the level of harmful human-caused airborne particles, providing evidence that environmental policy changes®

worked.
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Period: Date:

Earth-Now General Satellites and Its Instruments (Page 1 of 3)

Instructions: You will now visit the following Earth-Now site: https://climate.nasa.gov/earth-now/ in order to
learn more about the different satellites and its instruments. Then you will describe the satellites (and satellite
instruments) including their function as well as provide an example of its dataset and explain its meaning.

Name of satellite:

Description about your satellite and its instruments:

Example of this satellite’s dataset and its meaning

Name of satellite:

Description about the satellite or instrument:

Example of this satellite’s dataset and its meaning

Name of satellite:

Description about your satellite and its instruments:

Example of this satellite’s dataset and its meaning

Name of satellite:

Description about your satellite and its instruments:

Example of this satellite’s dataset and its meaning
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Name: Period: Date:

TERRA Satellite and Its Instruments (Page 2 of 3)

Instructions: You will continue to explore the Earth-Now site: https://climate.nasa.gov/earth-now/ that you have
worked on before. This time you will focus on learning specifically about TERRA satellite instruments ASTER,
CERES, MISR, MODIS and MOPITT. You will describe these satellite instruments including their characteristics
and importance in climate research.

TERRA satellite instrument: ASTER
Description about TERRA's instrument: Importance to global climate research and to you:

TERRA satellite instrument: CERES
Description about TERRA’s instrument: Importance to global climate research and to you:

TERRA satellite instrument: MISR
Description about TERRA’s instrument: Importance to global climate research and to you:
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Period:

TERRA Satellite and Its Instruments (Page 3 of 3)

Date:

TERRA satellite instrument: MODIS

Description about TERRA's instrument:

Importance to global climate research and to you:

TERRA satellite instrument: MOPITT

Description about your satellite and its instruments:

Importance to global climate research and to you:

Rubric Category

Doesn’t meet expectations
4
N

Satisfactory
k3

Meets expectations
| L |
% X

NS NP

Exceeds expectations
< | < |
- A A A 4

Productivity

| don't follow the procedures,
struggle to describe the satellites
and its instruments, can’t describe
its importance to global climate
research or respond to all
questions in an average way.

| can follow most of the
procedures, describe the satellites
and its instruments, describe its
importance to global climate
research and respond to all
questions in an average way.

| can follow all the procedures,
successfully describe the satellites
and its instruments, describe its
importance to global climate research
and respond to all questions in a
comprehensive way.

| can efficiently follow all the
procedures, successfully describe
the satellites and its instruments,
describe its importance to global
climate research and respond to all
questions in an exceptional way.

Understanding

| don’t show a clear understanding
of climate satellites, TERRA

instruments and their function and

their importance to global climate.

| show some understanding of
climate satellites, TERRA
instruments and their function and
their importance to global climate.

| show a clear understanding of
climate satellites, TERRA instruments
and their function and their importance
to global climate.

| show a clear and in-depth
understanding of climate satellites,
TERRA instruments and their
function and their importance to
global climate.
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Name: Period: Date:

Earth-Now General Satellites and Its Instruments (Page 1 of 3) *ANSWER KEY*

Name of satellite: Aqua

Description about your satellite and its instruments: Example of this satellite’s dataset and its meaning
o ' e f&?gT SN
e Time in orbit: 18 years 73 days. e P gy
N, TR
o \1__’::;_"2.5‘-- X
L . ) = e e Al -'
Collecting information on: ST iy M S
e Ocean evaporation. o "y g
e Atmospheric water vapor (- > -
e Clouds R e e o e e

e Precipitation
e Soil moisture
e Sea and Land ice

Figure_?ﬂ Aqua satellite sh—owing water vapor

I |
e Snow cover
Instruments: e Thanks to the Satellite Aqua, | can observe

e AIRS the water vapor around the Earth.
e AMSU e Blue colored areas denote higher
e CERES concentration of water vapor.
e MODIS e Tanner colored areas denote lower
e AMSR-E concentration of water vapor.

Name of satellite: OCO-2

Description about the satellite or instrument: Example of this satellite’s dataset and its meaning

e Time in orbit: 6 years 14 days.

e Studying atmospheric carbon dioxide

e The mission’s goal is to improve
understanding of the carbon cycle and the
processes that regulate atmospheric CO2
concentration.

Instruments: :
e Uses diffraction grating to separate the Figure 4 0OCO-2
inbound light energy into a spectrum of
multiple component colors. — —

e Red and yellow areas indicate higher
concentration of CO2, while blue areas indicate
lower concentrations.

e CO2 distribution is measurement in ppm (parts
per million).

Name: Period: Date:
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Earth-Now General Satellites and Its Instruments (Page 2 of 2) *ANSWER KEY—CONTINUATION*

Name of satellite;: JASON-3

Description about your satellite and its instruments:

Time in orbit: 4 years 180 days.

Measuring variation in ocean-surface height.
Understanding of ocean circulation patterns.
Global and regional sea-level changes, and

Climate change

Instruments:

A radar altimeter.

Example of this satellite’s dataset and its meaning

Figure 5 Caption

e Yellow and red areas indicate regions of the sea
levels greater than average, while blue and
Purple areas indicate lower than average.
Warmer water expands leading to higher levels
while cooler water is cooler.

e Astemperatures increase, so does melting of ice
at higher altitudes/latitudes, further raising sea
levels.

Name of satellite;: Suomi NNP

Description about your satellite and its instruments:

Time in orbit: 8 years 262 days.

Monitoring the environment on Earth and the
planet’s climate.

Measuring will be used to map land cover and
monitor changes in vegetation productivity.
Tracking atmospheric ozone and aerosols.
Taking sea and land surface temperatures.
Monitoring sea ice, land ice and glaciers around
the world.

Instruments:

The Visible/Infrared Imager Radiometer Suite
(VIIRS).

The Cross-Track Infrared Sounder (CrlS).

The Advanced Technology Microwave Sounder
(ATMS).

The Ozone Mapping and Profiler Suite (OMPS).
The Clouds and the Earth Radiant Energy
System (CERES).

Example of this satellite’s dataset and its meaning

Figure 6: Dobson

e Pink and white regions represent higher
concentration of ozone, while bluer colors
represent lower concentration.

e One Dobson unit is equal to a layer of pure
ozone 0.01 mm thick at 0 degrees Celsius and 1
atm pressure.
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Name: Period: Date:

TERRA Satellite and Its Instruments (Page 3 of 3) *YANSWER KEY*

Instructions: You will continue to explore the Earth-Now site: https://climate.nasa.gov/earth-now/ that you have
worked on before. This time you will focus on learning specifically about TERRA satellite instruments ASTER,
CERES, MISR, MODIS and MOPITT. You will describe these satellite instruments including their characteristics
and importance in climate research.

TERRA satellite instrument: ASTER

Description about TERRA's instrument:
e Advanced Spaceborne Thermal Emission
and Reflection Radiometer.

e Obtain high-resolution images of the Earth
in 14 different wavelengths.

Importance to global climate research and to you:
e ASTER datais used to create detailed
maps of Earth’s temperature, emissivity,
reflectance, and elevation.

e This image was meaningful to me because
through this instrument we can locate fires in
the Earth.

TERRA satellite instrument: CERES

Description about TERRA's instrument:

e There are two identical CERES instruments
aboard Terra.

e One CERES instrument operates in a
cross-track scan mode and the other in a
biaxial scan mode.

e The cross track mode essentially continues
the measurements of the earth Radiation
Budget Experiment (ERBE) and the
Tropical Rainfall Measuring Mission
(TRMM).

Importance to global climate research and to you:

e The biaxial scan mode provides information
about the Earth's radiation balance.

e This image was meaningful to me because
through this instrument we can measure the
total radiation and evaluate the radiation flow
through the clouds.

TERRA satellite instrument: MISR

Description about TERRA's instrument:
e MISR is a new type of instrument designed
to see Earth with cameras pointed at nine
different angles.

e One camera points toward the nadir, and
the others provide forward and backward
viewing angles, on Earth's surface, of 26.1
°,45.6 °, 60.0°, and 70.5 °.

Importance to global climate research and to you:
e MISR data can distinguish different types of
clouds, aerosol particles, and surfaces.

e This image was meaningful to me because
through this instrument equipped with its
nine cameras you can capture the eruption
of a volcano and the amount, types, and
heights of clouds.
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TERRA satellite instrument: MODIS

Description about TERRA'’s instrument:

MODIS measures the photosynthetic
activity of land and marine plants
(phytoplankton) to yield better estimates of
how much of the greenhouse gas is being
absorbed and used in plant productivity.

MODIS has observed the impacts El Nifio
and La Nifia have on the microscopic
marine plant.

MODIS measurements of the biosphere are
helping to track carbon dioxide sources and
sinks in response to climate change.

Importance to global climate research and to you:

The sensor observes where and when
disasters strike—such as volcanic
eruptions, floods, severe storms, droughts,
and wildfires—and will hopefully help
people get out of harm’s way.

This image was meaningful to me because
through this instrument you can track
carbon dioxide sources that are responsible
to climate change.

TERRA satellite instrument: MOPITT

Description about your satellite and its instruments:

Itis an instrument designed to enhance our
knowledge of the lower atmosphere and to
observe how it interacts with the land and
ocean biosphere.

MOPITT is one of the earliest satellite

sensors to use gas correlation spectroscopy.

The sensor measures emitted and reflected
radiation from the Earth in three spectral
bands.

Importance to global climate research and to you:

The sensor helps to track the gas to its
sources.

This image was meaningful to me because
through this instrument measures of
pollution in the troposphere can be made.
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TERRA Satellites Matching Satellites Activity

Teacher Instructions: The next page has TERRA satellite and its instruments including MOPITT,
MODIS, ASTER, MISR as well as Landsat satellite. By now, students have already learned about
these satellites from the text, the EarthNow Platform, as well as an article reading.

The purpose of this activity is to cut the images and key characteristics and mix them up. Then
have students work in groups of 2 in order to match the image and name with the description
based on their knowledge of previous readings on remote sensing satellites and its instruments.
Then, guide students in a discussion about their matches.

Suggested discussion questions:

¢ If you could work on using remote sensing for climate analysis and
could use one of these instruments, which one would you choose?

¢ What's the purpose and benefits of remote sensing versus ground-
based measurements?

e When acquiring data from these instruments, what steps would you
follow in order to analyze land surface temperatures?

¢ How does a Landsat satellite differentiate between objects on Earth's
surface?

The last part of this activity ends with an individual reflection in which students respond to the
following question in writing:

e Explain what is remote sensing and why it is important for climate research.
Then explain how remote sensing data can be used to monitor human activity.
Provide at least two examples and an example of an instrument or satellite that
is important in this process.
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TERRA Satellites Matching Satellites Activity (See previous page for instructions)

MOPITT

Key characteristics: 5 S4p

gy .
Measures pollution in the -gﬁ
troposphere from 9 different angles.
It has a sensor that uses gas correlation spectroscopy.
Measures the radiation emitted and reflected from Earth.

Key characteristics:

The sensor observes \
volcanic eruptions, floods, severe storms, droughts.
Its detectors measure 36 spectral bands.

Records the resolution-small changes of the ocean, land and ice
atmosphere.

Key characteristics:

It uses thermal infrared
energy.

It can locate fires on the Earth.
Obtains high-resolution images of the Earth in 14 different
wavelengths.

Key characteristics:

n' :
Measures the properties of -

clouds.
This instrument is equipped with nine cameras.
It has a spectroradiometer.

LANDSAT

It collects spectral
information from Earth’s
surface.

The sensors detect natural changes.

Its data report on human health, agriculture, climate, energy, urban
growth, ecosystems, forest management, etc.
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TERRA Satellites Matching Satellites Student Answers

Title: “TERRA Satellites Matching Satellites Student”
By: Student

Explain what is remote sensing and why it is important for climate
research. Then explain how remote sensing data can be used to monitor
human activity. Provide at least two examples and an example of an
instrument or satellite that is important in this process.

The term remote sensing refers to obtaining information about an object or
area from distance, from aircraft or satellites in this case.

Remote sensing can be used to monitor different human activity, such as
carbon dioxide, which is a greenhouse gas derived from human and
natural events which slow the escape of heat into space.

Burning fossil fuels emitting carbon dioxide enters the atmosphere through
the burning of fossil fuels (coal, natural gas, and oil), solid waste, trees,
and other biological materials; as a result of certain chemical reactions (for
example, cement manufacturing). OCO-2 is the spacecraft dedicated to
studying atmospheric carbon dioxide, which is linked to global warming
and climate change.

Another example of remote sensing is monitoring Earth’s atmosphere to
map the impact of human activity and natural disasters on communities

and ecosystems. For example, by looking at how cities have overtaken

over fields and ecosystems that have been forced due to civilization.

TERRA and its instrument ASTER explore the connections between
Earth's atmosphere, land, snow and ice, ocean, and energy balance to
understand Earth's climate and climate change.
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Websites used in this lesson:

TERRA instruments: https://terra.nasa.gov/about

G TERRA

The

About Science Multmadia Leadership

About Terra Homa » ALK T
About Terr

Approximately 1

Mission

girume

inced Spaceborne Tharmal Emission and Reflection Radiometer
ER)
MISR Clouds and Earth's Radiant Energy System (CERES
MOoDIS Multi-angle Imaging Spectroradiometer [MISR)
MOPITT Measurements of Pollution in the Troposphare (MOF

Maoderate Resolution Imaging Speatroradiometaers (MODIE

larra i3 In a circular sun-aynchronous polar orbit that takes
Featuras Jaylic e of Lhe Earth} every 99 minules

NASA Earth Now: https://climate.nasa.gov/earth-now/#/

MASA GLOBAL CUM?TEC”?N[GEI e HOME VITALSIGNS  MISSIONS
% ¢ 2] ane

VITAL SIGNS
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James Webb Space Telescope:
https://www.nasa.gov/mission pages/webb/instruments/index.html

James Webb Space Telescope

Viebh lelnscope dueraew mages  Yceas  Media Hesoutes

Follow

Scleree
he Obsernsatory
The Instmes

Maet the Teamn

Lesson Presentation Slides:

ENGAGE:

Qutside Termperalure Recerdings Activity

Think Deeper Reflections:

What are some complications that can emerge while studying physical
characternistics from the top?

What connections can you make belween the physical world and this activily?

temperature?

What are advanlages of ramole sensing (lop obsarvations like satellites) than
ground-based instruments?

v 2: Enpage

What could be another physical characteristic aspect that could be monitored besides
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Quiside Temperature Recordings Activity

Instructions for activity:

You will lie down on your stomach on the grass.

2. You will work on this task called “Park Ranger and Scientist”
to simulate temperature recording of national parks.

3. You will choose a national park name and count the park’s thermometers. which
record temperatures in different parts of the park.

4. You will have to count a random number of colored push pins in different parts
that represent the thermometers. After you have counted the thermometers.

5. You will come back to the classroom and write a response to the following
questions.

($a5K Loson 2o i

Qutside Temperature Recardings Activity

Respond to the questions:

As a scientist and park ranger, would
you prefer to study the park from the
ground or the air?

What if you're studying temperatures?

NASA [esson 22 E

INASA | esson 2; Exolore

Terra NASA Cimate Research Sateliite ¢ 5

Instructions for activity:
{ﬁ:"jﬁ‘
1. You will read the article: “Twenty Years of Terra in Our Lives”. & ‘Q

2. You will explore how Terra has been doing remote sensing for the last 20 years.
3. You will learn about the satellite's five instruments concurrently observing Earth's
atmosphere, ocean, land, snow and ice, providing insights into Earth systems

such as the water, carbon and energy cycles.

4. You will complete the graphic organizer.

A Huds
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Terra NASA Climate Research Satellite

Read the article:

NASA Lesson 2 Explore

Ao

Terra Satellite Presentations

Instructions for activity:

1. In groups of 4, you will create an oral presentation
about what is remote sensing and how Terra has
worked over the last decades.

2. Teacher will assign one instrument from Terra to each group.

3. You can use the whiteboard, PowerPoint, etc. to explain the theme and purpose
of your satellite instrument.

NASA Lesson 2 Explain

AMurds

Terra Satellite Presentations

4. Go to this websites: https://terra nasa gov/about/terra-instruments/aster
N/t g Jabout/terra-ins 3/

hitps:terra.nasa. pov/aboutiterra-instruments/maodis
https://terra.nasa. gov/about/terra-instruments/mopitt

]/ S

5. At the end you will be allowed 2 minutes for questions about your remote sensing
presentation.

NASA |essaon 2: Explain

AMrde
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Terra Satellite Presentations

& TERRA

A Mg

EXTEND:

Earth Now Climate Satellites and Terra Analysis

Instructions for activity:

1. In groups of 2, you will investigate about
other satellites that do climate research
on NASA's Earth-Now Platform.

Go to this website:

3. You will choose a satellite, investigate, analyze its data, record, observe, and
explain on the worksheet called “Earth-Now General Satellites and Its
Instruments.”

4. You will focus on the TERRA satellite and its instruments including ASTER,
CERES, MISR, MODIS and MOPITT.

5. You will tum in your individual worksheet.

IN25A Lesson 2 Extend
Arand

Earth Now Climate Satellites and Terra Analysis

AL © S oG
ApRy CAOBAL CLMRATE Gonne

o Sty 30 0

A.Manco
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EVALUATE:

Earth Now Climate Satellifes and Terra Analysis
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NASA Lesson 2: Extend

Terra and Landeat Satedite Instruments Sorting

Instructions for activity:

You will evaluate your knowledge about the satellites.

In groups of 2, match the image and name with the description based on your
knowladge of previous readings on remote sensing satellites and its instruments.

Explain what is remote sensing and why it is important for climate research.
Explain how remote sensing data can be used to monitor human activity.

Provide at least two examples and an example of an instrument or satellite that
is important in this process.

o

Terra and Landsat Sateliite instruments Sorting

Think Deeper Reflections:

Which one would you choose?

What's the purpose of remote sensing versus ground-based measurements?

When acquiring data from these instruments, what steps would you follow in
order to analyze land surface temperatures?

How does a Landsat satellite differentiate between objects on Earth's surface?

NA._QA Lesson 2: Evaluate
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Terra and Landaat Satellite instruments Sorting

Nl\S_A Lesson 2: Evaluate

AW

Differentiated instruction activities

This lesson includes instructional activities that promote differentiation in the following ways:

e Students learn new content in multiple ways including orally (through groups and class
discussions), visually (through the use of videos and images), data analysis (through
infographics and graphs) and reflection.

e Students use graphic organizers that help them process and organize their understanding
of the new content.

e Lessons include graphic organizers with sentence starters that benefit English Language
Learners and Special Education students to organize their ideas in better ways.

o Every lesson is adaptable to the personal learning plans of students.

11. Conclusion and linkage to next lesson:

This has been the second lesson of this climate unit plan which had a focus on remote sensing,
satellites and instruments. During this second lesson, students had the opportunity to engage
in authentic learning experiences through discovery, research and exploration by simulating
ground-based and satellite surface temperature recordings. Furthermore, they had the
opportunity to discuss the different methods to record physical characteristics of Earth’s
surface, define remote sensing and its advantages, read and reflect on TERRA and Landsat
satellites and their instruments, and present about TERRA and Landsat satellites and their
instruments. In addition, students investigate climate satellites from Earth Now and analyze
and explain its contribution to climate research, investigate TERRA satellites from Earth Now
platform and analyze their instruments and explain their contribution to climate research as well
as evaluate their knowledge by matching satellites and their instruments with their descriptions.
The completion of all worksheets, tasks and activities with a high rubric grade demonstrates an
assessment quantification of student’s learning. In the next lesson, students will learn more
about the Urban Heat Island phenomenon and their effects on cities around the world.
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XIV. Lesson 3: “When Heat Is Trapped and Urban Heat Island Takes Over”

1. Table of Contents for lesson

Section Page
Summary & Goals 84
Lesson Model 85
Content Template 87
Supporting Documents 94
Conclusion 122

2. Summary and Goals of Lesson

This lesson is titled “When Heat Is Trapped and Urban Heat Island Takes Over”
and it serves as lesson 3 of this climate unit which incorporates the 5E model
template. It focuses on the Urban Heat Island phenomenon and its effects on
urban settings.

The goals for this lesson include students to be able to:

¢ Observe remote sensing imagery from different cities.

¢ Discuss and make connections about temperature and vegetation in
different locations.

e Read about the Urban Heat Island phenomenon.

e Create a poster and explain what is the Urban Heat Island and its effects.

¢ Investigate, access and download remote sensing imagery from
EarthExplorer for New York City and a city of their choice.

e Analyze remote sensing imagery from EarthExplorer and reflect on the
process and imagery characteristics.

e Calculate the land surface temperatures from the Earth Engine Apps
specifications.

The goals for this lesson will be met throughout the activities and assignments for
each part of the lesson plan.

3. CCRI Lesson Plan Content Template

*Scroll to next to see this component.
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NGSS Standards & NYS Standards: Common Core Standard: NASA Science:
HS-ESS2-2 Analyze geoscience data to make the claim that one change to Earth’s ELA-LITERACY.RL.11-12.1: —Earth Science
surface can create feedbacks that cause changes to other Earth systems. e  Cite strong and thorough textual evidence to support analysis of what
the text says explicitly as well as cite inferences drawn from the text,
HS-PS4-6 Different patterns may be observed at each of the scales at which a system is including determine where the text leaves matters uncertain.

studied and can provide evidence for causality in explanations of phenomena.
ELA-LITERACY.RST.11-12.3

New York State Earth Science Standards (NYSES): e  Follow precisely a complex multistep procedure when carrying out
NYSES 2.1g Weather variables can be represented in a variety of formats including radar experiments, taking measurements, or performing technical tasks;
and satellite images, weather maps (including station models, isobars, and analyze the specific results based on explanations in the text.

fronts), atmospheric cross-sections, and computer models.
CCSS.ELA-LITERACY.RST.11-12.9

NYSES 1.1b The Earth is orbited by one moon and many artificial satellites. e  Synthesize information from a range of sources (e.g., texts,
experiments, simulations) into a coherent understanding of a process,
Phenomenon: Flow of Energy and Matter phenomenon, or concept, resolving conflicting information when
possible.
Crosscutting concepts:
e  Systems and System Models CCSS.ELA-LITERACY.W.11-12.2
e Interdependence of Science, Engineering, and Technology Patterns Write informative/explanatory texts to examine and convey complex ideas,
. Energy and matter concepts, and information clearly and accurately through the effective selection,

organization, and analysis of content.

Content Area and Grade Level Name of Project-Based Activity or Theme: Estimated Time Frame to Complete:

Content Area: Earth Science
Grade Level: 11 & 12 grades

This is the third lesson of 5 parts of this unit plan. It is estimated tq
take 5 days, if taught on periods of about 55 minutes a day.

Students will analyze what is the Urban Heat Island phenomenon and the effects it has
over urban settings.

‘ Overall Investigation Question(s): What is the Urban Heat Island and how is it caused?

‘ Overall Project Description/Activity: Learn about the Urban Heat Island phenomenon and its effect on cities and climate as a whole.

‘ Materials Needed to Complete Project  Stakeholders: Hyperlinks Used:

Multimedia/Technology: Classroom Equipment:

Markers —Students NASA Urban Heat Islands Laptops with internet Laptops
. Blank poster paper —Educator Link: https://www.youtube.com/watch?v=InBO4vX82Fs connection . Smartboard
e  Provided worksheets —Administrator e  Laptops with PowerPoint
Urban Heat Islands . Smartboard
Link: https://mynasadata.larc.nasa.gov/basic-page/urban-heat-
islands

Earth Explorer
Link: https://earthexplorer.usgs.gov/

Google Earth Engine App
Link: https://yceo.users.earthengine.app/view/uhimap
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System Engineering Behaviors Category Activities Student Outcomes Evaluation

Uses visuals to communicate complex - Students will discuss about different maps belonging to different Wwork coopera_tlvely with tea".‘ .
. ; Communications IR . . ; members to discuss connections Climate
interaction cities including a vegetation map and brightness temperature map. -
between maps and climate..
Communicates effectively through Students will work together in groups in order to present about the Complete their definitions and
ersonal interaction Y 9 Communications | connections between maps descriptions about the different types Remote sensing
P of instruments it has.

) ) ) Students will work in harmony and assign tasks and responsibilities Present about the different instruments { climate and
Builds Team Cohesion Leadership among peer in order to work for a common goal. that TERRA has as well as Landsat. temperature
A iates/R . oth Leadershi Students value each of their members in the group for their Provide feedback on their classmates’

ppreciates/Recognizes ers eadership contribution and support their ideas. presentations and supports them.
Attitudes & Students will choose their own climate satellites and work with their Discuss different views and opinions
Has a comprehensive view Attributes partners to discuss their missions and descriptions. about the satellites they choose and Climate
why they’re important.

. . . Students will use different types of resources (evidence) in order to Use the provided resources to explain
Sjee;siolgifr?rmatlon and uses the art of ':t\?ttrlljguetsef‘ analyze remote sensing and explain why its meaningful in climate what remote sensing is and its Remote sensing
4 9 research. importance in research.

Validates facts. information and Svstems Students will find satellite instruments from Worldview platform and Validates the evidence and put it
assumptions ’ T%inking validating fvideits functions. together in order to explain it. Climate
Keeps the focus on mission Systems Students will work on the assigned work and task in order to Pay attention and follow procedures to
requirements Thinking complete it by the given time. complete the task.

) Technical Teacher will give feedback to students based on their performance at the Reflects and uses feedback to do better.
Learns from success and failures Acumen activities and students will use and reflect on that feedback.

Attachments? List Attached Documents:

List and attach all PowerPoint Urban Heat Island and Its Effects Worksheet
presentations and supportive Urban Heat Island Poster Guidelines for Students
documents for instructional activities EarthExplorer Remote Sensing Imagery Analysis Worksheet

Attachments?

List and attach all rubrics for activity Urban Heat Island and Its Eﬁgcts_, Worksheet Rubric .
and assessment evaluation Urban Heat Island Poster Guidelines for Students Rubric
EarthExplorer Remote Sensing Imagery Analysis Worksheet Rubric
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4. Mission Alignment
This lesson is part of this climate unit plan and aligns with NASA’s Landsat satellite
mission, whose groundbreaking series of repetitive imaging of Earth’s land at a spatial
resolution shows human interaction with the environment.

5. Time to implement lesson
This is the third lesson of 5 parts of this unit plan. It is estimated to take 5 day, if
taught on periods of about 55 minutes a day.

6. Materials required.
—Computers —Worksheets and supporting documents which are provided at
—Markers the end the lesson template.
—Poster paper

7. 5 E lesson model template:

What the Teacher does ‘ What the Students do Time

ENGAGE
Temperatures and Vegetation Map Activity

e Tell students that they will now take a closer look
at remote sensing images for different locations
on Earth. All images appear below in the
worksheet section. The first page shows images
of New York City, followed by the next page
which has images of Atlanta, Baltimore and the
last page shows images of Providence. The
maps in the following pages represent
temperature, vegetation maps and climate. The
idea is that students will have to observe them
and come up with conclusions on what they see
and make connections to vegetation and
temperature.

e Listen to introduction of
activity.

. . : 40 mins
e You will provide one set of images to each group.

There are three sets, and it’s fine if you have
multiple groups observing the same type of
image. Have each group work together to come
up with observations and connections to climate
change. Allow 5 minutes for groups to talk
among each other discussing their ideas. These
are some of the questions that you can post to
guide the conversation

e Work in groups to observe
the assigned remote
sensing images and
discuss with their group
members about
connections to climate
change and relationships
that they see in their

o What do you see? Images.

o Where is this at?
o What connections can you make?
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o Have you seen a map like this before?

o Why is it important to have these maps?
How does it connect to the topic we are
talking about?

As the groups are discussing their ideas,
circulate around the classroom. Remind students
that they will have an opportunity to share their
ideas in a few minutes.

After students have discussed their ideas with
their groups, allow students to share out their
ideas, findings and connections to the class. The
idea is to lead the conversation by image. First
have the group(s) that had the same image talk
about it first. Then move on the next image and
so on. This purpose is to have students make
connections to vegetation and temperature,
meaning that where there is more vegetation, the
temperature appears to be less warm than where
there are buildings in a city.

Then, show this NASA video called “Urban Heat
Islands:
https://www.youtube.com/watch?v=InBO4vX82Fs

As the introduction to today’s activity, this video
explains the usage of remote sensing in
analyzing how metropolitan areas tend to be
hotter than the neighboring regions. Some
suggested questions that the teacher can ask
after the video as a class discussion:

e Why do you think NYC or any city is hotter
than its surrounding area?

e Why do you propose an urban area is called
a Heat Island?

¢ What do you think are consequences of this
heating?

Share their group ideas in
the class discussion and
listen to the other groups in
the classroom that got a
different set of images than
them to see if the
connections can also be
applied there.

Watch the video about the
phenomenon “Urban Heat
Island”

Engage in a group
discussion in order to
discuss possible reasons
and consequences of
surface temperature
changes in urban cities like
New York.

EXPLORE

Urban Heat Island Article

Tell students that they will now explore about the
phenomenon known as the “Urban Heat Island”
in order to find out more about its characteristics.
While reading this article, students will also
annotate, as suggested in the reading.

Listen to introduction of
activity.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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The reading can be done independently, in
groups, silent reading, or in any way according to
your classroom needs.

The teacher may choose to take a group of

Get a copy of the article
called “Urban Heat Island
Effect” which they will read
as well as annotate
independently.

Matthew Pearce | Education Program Specialist | GSFC Office of STEM Engagement

students to read on their own to a side of the 30 mins
classroom. This would be a differentiation
strategy to help those with reading disorders or
English Language Learners.
e After students have finished reading, facilitate a
class conversation that reflects on the following
questions:
o What is the Urban Heat Island and its Share their ideas in a class
effects? discussion and build on
o What are some factors that influence the each other’s ideas from the
Urban Heat Island in different cities? text they just read about
o What s the relationship between energy the Urban Heat Island and
and the Urban Heat Island? its effects.
e Teacher may add further questions that relate to
the article and promote critical thinking.
EXPLAIN
Urban Heat Island Poster
e Tell students that they will now work in groups of Listen to introduction of
four (or teacher can choose a number) in order to activity
create a poster where they will explain what is '
the Urban Heat Island and its effects, based on
the article they have read previously. In addition, Work on a poster in which
students will also have to make a sketch of how thev have tg exolain what is
the Urban Heat Island effects are represented on y . P
. I . the heat island effect and
a city and similar environments. ;
how heat is represented on
¢ Encourage students to work on the following Lhnei/ﬁglr?r?]:gtosl different
guidelines, which are also present on the “Urban
Heat Island Effect Poster” handout.
90 m
* Guidelines: - . Students will use the poster
o A clear and complete definition of what is quidelines to create their
the Urban Heat Island and its effects poster together with their
o Clear connection to climate group members. All
o {gglilédes how NASA is contributing to this students should be active
o Should be readable from about 10 feet during the whole time.
away
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o Include at least one Urban Heat Island
city

o Has atitle that is short and draws interest

o Textis clear and to the point (minimum
50 words)

o Use of bullets, numbering, and headlines
make it easy to read

o Effective use of graphics, color and
designs

o Consistent and clean layout

o Includes acknowledgments, your name
and your group’s hames

The teacher may choose to do this activity as a
pamphlet, to see individual projects.

EXTEND

EarthExplorer Remote Sensing Imagery

Tell students that they will now further investigate
about the concept of remote sensing imagery for
Landsat where they will get to explore imagery of
different locations including New York City,
Durban and a location of their choice. Tell
students that scientists actually use the Earth
Explorer platform in order to get satellite imagery.
Satellite imagery can help us analyze the Earth
in different ways. For example, we can analyze
surface temperatures to study the Urban Heat
Island and its effects on different locations.

Provide the steps for accessing remote sensing

Listen to introduction of
activity.

Work on a lab for
EarthExplorer in order to
get remote sensing
imagery from different
locations including Durban,
New York, and a city of
their choice.

imagery from Earth Explorer to students: 60 m

https://earthexplorer.usgs.qov/ Follow the manual’'s

The instructions have been included in the instructions as well as the

document called: “EarthExplorer Manual” steps provided on the
worksheet.

The teacher may model how to do the steps as a

class and students can follow on their computers, Follow teacher’s model

if preferred. how to access remote
sensing imagery, if teacher

e Ask students to individually complete the chooses to do this as a

worksheet called “EarthExplorer Remote Sensing class.

Imagery Analysis” where they will reflect about

the process of acquiring remote sensing imagery Complete the task

and follow a task. assigned on the worksheet
individually.
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o Tell students that while they are not physically
extracting remote sensing data and doing
calculations, they are analyzing remote sensing
imagery that can be extracted by using a coding
and programming like “R” or “Python” and
“ArcGIS” and Landsat satellites.

EVALUATE
Urban Heat Island Intensity and Earth Engine App

e Tell students that they will now get to use a
platform known as Google Earth Engine App,
which has the purpose of tracking the range of
Urban Heat Island intensity data, year by year,
for a 14-year time span. Students will now
observe the data, analyze it and try to find
correlations between the urban environments
and intensity in the locality.

e Provide students with the following steps, which
also appear in the document called “Earth
Engine App and Urban Heat Island Intensity”
below:

o Go to Earth Engine App’s website:

https://yceo.users.earthengine.app/view/uhimap

e Atthe top, there is a search bar where you will
type in the name of your city.

¢ Once you have searched and selected your city,
the map will take you to the city.

e Select a part of the city by clicking on top of the
map. In order to get a valid data map, make sure
you click on an area that has colored pixels on
top.

e On the right side, you will be able to see the data
including annual daytime UHI, annual nighttime
UHI, summer daytime UHI, summer nighttime
UHI, winter daytime, winter nighttime as well as
long-term and seasonal UHI intensity graphs.

e Record the values in your table, as requested. In
order to calculate the range of intensity, you will
subtract the lowest summer daytime intensity
from the highest summer daytime intensity.

e Complete the table on the worksheet with the
required information.

Teacher’s task for next class: The teacher needs to
watch and complete the E-training modules on “Intro To

Listen to introduction of
activity.

Follow steps how to access
the Google Earth Engine
App in order to acquire the
range of Urban Heat Island
intensity data.

Analyze and Interpret the
Urban Heat Island intensity
data on the provided
worksheet.
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Atmosphere,” “Clouds,” and “Surface Temp” on the
GLOBE training website:

https://www.globe.gov/get-trained/protocol-etraining

https://www.globe.gov/get-trained/protocol-

etraining/etraining-modules/16867642/12267

Teacher should allow at least one week to
complete these modules.

8. Standards

Next Generation of Science Standards (NGSS):

HS-ESS2-2.

HS-PS4-6

DCI ESS2.A

CC

Analyze geoscience data to make the claim that one change to Earth’s surface
can create feedbacks that cause changes to other Earth systems.

Different patterns may be observed at each of the scales at which a system
is studied and can provide evidence for causality in explanations of
phenomena.

Earth Materials and Systems

Energy and matter: Energy drives the cycling of matter within and between
systems. (HS-ESS2-3)

Change and rates of change can be quantified and modeled over very short or
very long periods of time. Some system changes are irreversible. (HS-ESS2-1)

New York State Earth Science Standards (NYSES):

NYSES 2.1a
NYSES 2.2c

NYSES 2.1g

Earth systems have internal and external sources of energy, both of which create heat.

A location’s climate is influenced by latitude, proximity to large bodies of water, ocean
currents, prevailing winds, vegetative cover, elevation, and mountain ranges.

Weather variables can be represented in a variety of formats including radar and
satellite images, weather maps (including station models, isobars, and fronts),
atmospheric cross-sections, and computer models.

Common Core Standards:

MATH.CONTENT.HSN.Q.A.3

Choose a level of accuracy appropriate to limitations on measurement
when reporting quantities.

ELA-LITERACY.W.9-10.9

Draw evidence from literary or informational texts to support analysis,
reflection, and research.

9. NASA System Engineering Behavior Model utilized in lesson
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o Leadership
o Builds Team Cohesion
o Appreciates/Recognizes Others

o Attitudes and Attributes:
o Seeks Information and Uses the Art of Questioning

o Communication
o Listens Effectively and Translates Information
o Communicates Effectively Through Personal Interaction
o Problem Solving & Systems Thinking
o Assimilates, Analyzes, and Synthesizes Data
o Validates Facts, Information and Assumptions
o Has the Ability to Find Connections and Patterns Across the System

10. Supporting Documents:

*Scroll down to see documents

Remote Sensing Images Activity
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Teacher Instructions: The following three pages provide remote sensing images of different
locations around the Earth. The first page shows images of New York City, followed by the next
page which has images of Atlanta, Baltimore and the last page shows images of Providence.

The maps in the following pages represent temperature and vegetation maps. The idea is
that students will have to observe them and come up with conclusions on what they see and
make connections between vegetation and temperature.

You will provide one set of images to each group. There are three sets, and it’s fine if you
have multiple groups observing the same type of image. Have each group work together to
come up with observations and connections to climate change. Allow 5 minutes for groups
to talk among each other discussing their ideas. These are some of the questions that you
can post to guide the conversation

Class discussion questions:

What do you see?

Where is this at?

What connections can you make between vegetation and temperature?
Have you seen a map like this before?

Why is it important to have these maps? How does it connect to the topic we’re talking
about?

As the groups are discussing their ideas, circulate around the classroom. Remind students
that they will have an opportunity to share their ideas in a few minutes.

After students have discussed their ideas with their groups, allow students to share out their
ideas, findings and connections to the class. The idea is to lead the conversation by image.
First have the group(s) that had the same image talk about it first. Then move on the next
image and so on. This purpose is to have students make connections to vegetation and
temperature, meaning that where there is more vegetation, the temperature appears to be less
warm than where there are buildings in a city.

Students’ sample discussion answers: *ANSWERS**
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What do you see?
| see two maps that show Landsat satellite data on temperature and vegetation.

Where is this at?
These images are from New York City.

What connections can you make between vegetation and temperature?

One connection | can make in this map has to do with the vegetation, as when the
vegetation is dense, its temperature is somewhat warm, but where the vegetation is
sparse the temperature is hot.

Have you seen a map like this before?
No, | have not seen one like it before.

Why is it important to have these maps? How does it connect to the topic we’re
talking?

Because it helps us to be aware of the problem of the high temperatures that are
registered in the city and to look for possible solutions to reduce this phenomenon of the
Urban Heat Island.

Furthermore, it improves the impact of the effects experienced by high temperatures.
The purple color on the images represent hot temperatures while pink represents warm
temperatures in New York City.

The dark green color represents more dense vegetation while yellow color represent the
sparse vegetation.

Remote Sensing Images
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Sporse aanse

Figure 2: New York City vegetation map NASA in Summer 2002 | NASA Landsat

Remote Sensing Images (Continuation)
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Figure 4: Atlanta land surface temperature map September 28, 2000 | NASA Landsat
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Remote Sensing Images (Continuation)
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Figure 5: Baltimore land surface temperature map on August 2, 2001 | NASA Landsat
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Figure 6: Baltimore brightness temperature map on August 2, 2001 | NASA Landsat
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Figure 8: Providence, Rhode Island brightness temperature map on July 31, 2002 | NASA Landsat
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Name: Period: Date:

Urban Heat Island and lts Effects

You will now read the following text to learn more about the phenomenon known as the Urban Heat Island and its
effects. As you read, make sure to annotate the text by using the following symbols:

* = important | __ = keyword | ? =1don’t understand | © = unfamiliar word | ! = I’'m surprised | « = made a connection

What Are Urban Heat sarins enayy budget
Islands?

An Urban Heat Island is a
phenomenon that is best
described when a city
experiences much warmer

ol retioctod

sdinDeghaim ot
82 - Sviawetn)

temperatures than in nearby s M e

, = : meoctene T o Al
rural areas. The sun’s heat and \ i ey
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country in the same way. The
difference in temperature

between urban and less- N et
developed rural areas has to do ¥ jas oz
with how well the surfaces in .
each environment absorb and
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Figure 1: Earth’s Energy budget representation of energy absorption and emmitance

Shown to the top-right is a

diagram displaying Earth's Energy Balance. To understand what is happening in the diagram, let's start with
the radiation emitted by the Sun, represented by the yellow arrows. Radiation from the Sun can be absorbed
or reflected. This is why some of the yellow arrows point right back to space, showing reflection. About 50%
of the radiation from the sun that reaches the Earth is absorbed by the surface. The surface absorbs the
Sun's radiation and gains energy, warming the surface.

The surface eventually releases some of this energy to the atmosphere above. Much of the energy is
released as infrared radiation, which is detected as heat, like the warmth felt from a fire. This is shown by the
red arrows. As the temperature of a surface warms, it will release more infrared radiation, regardless of what
materials make up the object.

Another way that energy is released from the surface is through conduction and convection, shown by the
curvy red arrow. Conduction transfers heat to cooler air that directly touches the hot surface. Convection
occurs when air warmed by the surface rises upward, moving heat away from the surface. Convection from
hot pavement is the reason that the air above a hot road on a summer day appears to shimmer. Both
convection and conduction remove energy from the surface faster when the surface is much warmer than
the air above.
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A third way by which energy is transferred from Earth's surface is through evaporation, which is shown by
the dashed red arrow. Evaporation is the changing of liquid water to an invisible gas called water vapor. This
change requires energy, and evaporation is the reason that you cool off when you sweat. The surface of the
Earth also "sweats". When water evaporates from Earth's surface, it transfers energy away from the surface,
keeping it cool.

Earth's energy is often referred to as a "budget” or "balance". This is because the Earth is releasing the
same amount of energy that it is gaining on average. The processes of conduction, convection, infrared
radiation, and evaporation are all responsible for this balance. When something changes to throw off the
balance, some of all of these processes respond.

To talk about the movement of heat and energy, scientists use a theoretical object that is a perfect absorber
(and hence perfect emitter) of heat and energy. They call this a blackbody because it absorbs all light and
would appear completely black to us.

Urban Heat Island

On a hot summer day, the
temperature in the center
of urban New York City
can be 4°C higher than the
surrounding rural areas
with forests and farms.
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Figure 2: Urban Heat Island Profile of New York City and surrounding areas

Where Do Urban Heat Islands Form?

The hottest places on Earth have a few traits in common. They are full of rock and stone, they do not have a
lot of water, plants, or trees, and they are full of dark colors. Cities are full of these rocky surfaces — asphailt,
brick, and concrete — that absorb heat by day and release it at night. These materials are used to make the
sidewalks, parking lots, roads, and basketball courts of urban areas. Urban Heat Islands form because
humans replace cooler natural surfaces with rocky surfaces.

These hard and dark-colored surfaces contribute to the Urban Heat Island effect in two ways. First, these
surfaces have a low albedo, which increases the amount of energy from solar radiation they absorb. Second,
these surfaces do not contain much water to evaporate, meaning that less of the absorbed energy
evaporates water, and more goes into warming the surface and releasing energy by conduction, convection,
or radiation. The combination of these factors means that cities and other highly developed areas are hotter
than the plant-covered countryside.
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Urban areas often see temperatures sometimes rise 6°C (10°F) hotter than the surrounding suburbs and

rural areas. Cities tend to be hotter than their surrounding areas at all times of the day and at all times of the
year. However, a variety of factors influence the Urban Heat Island. Bigger cities tend to have stronger heat-
trapping capacities than smaller cities. Cities surrounded by forest have more pronounced heat islands than
do cities in arid environments, since replacing forests with paved surfaces in urban areas has much more of

Why are Urban Heat Islands a Problem?

power outages and a serious danger to public health.

a warming effect than replacing dry sand and rock with pavement.

Urban Heat Islands are one of the easiest ways to see how human impact can change our planet.
Sidewalks, parking lots and skyscrapers wouldn’t exist if humans weren’t there to build them. And although
these structures are essential to city living, the heat islands they create can be dangerous for humans.

In the summer, New York City is about 7°F (4°C) hotter than its surrounding areas. That doesn’t seem like
much, but these higher temperatures can cause people to become dehydrated or suffer from heat
exhaustion. The hot temps also require more energy to operate fans and air conditioners. This can lead to

Think about what you just read!

1. In your own words, what are some of the Urban Heat Island effects on big cities such as New

York City?

2. Describe the process of incoming solar radiation, reflectance and terrestrial radiation and how it

relates to urban cities as black bodies.

Doesn’t meet expectations Satisfactory

Rubric Categor
gory 4 L 4

Meets expectations
@
KA A 4

Exceeds expectations
@ @
LLEE

| can follow most of the
procedures, annotate all parts of
the reading and respond to all
guestions in an average way.

| don't follow the procedures,
struggle to annotate all parts of the
reading and don’t respond to all
guestions in an average way.

Productivity

| can follow all the procedures,
successfully annotate all parts of the
reading and respond to all questions
in a comprehensive way.

| can efficiently follow all the
procedures, successfully annotate all
parts of the reading and respond to
all questions in an exceptional way.

| show some understanding of the
scientific concepts behind energy,
temperature and the effects of
Urban Heat Island on cities.

| don’t show a clear understanding
of the scientific concepts behind
energy, temperature and the
effects of Urban Heat Island on
cities.

Understanding

| show a clear understanding of the
scientific concepts behind energy,
temperature and the effects of Urban
Heat Island on cities.

| show a clear and in-depth
understanding of the scientific
concepts behind energy,
temperature and the effects of Urban
Heat Island on cities.
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Urban Heat Island and Its Effects Worksheet *ANSWER KEY*

Note: Student reading annotations are independent and should reflect the student’s
choice of annotations, this are just sample annotations that serve as a guide.

Urban Heat Island and Its Effects

wread the following

What Are Urban Heat
Islands?

ﬁn urban heat island is a
phenomenon that is best
described when a city
experiences much warmer
temperatures than in nearby
rural areas. The sun's heat and
light reach the city and the QG
country in the same way. The
difference in temperature
between urban and less-
developed rural areas has to do
with how well the surfaces in
each environment absorb and
hold heat.

Fligure I: Farth's Energy budger representation of energy absorption and emmitance

Shown to the top-right is a

diagram displaying Earth's Energy Balance. To understand what is happening in the diagram, let's start with
the radiation emitted by the Sun, represented by the yellow arrows. Radiation from the Sun can be absorbed
or reflected. This is why some of the yellow arrows point right back to space, showing reﬂectlon\ About 50%
of the radiation from the sun that reaches the Earth is absorbed by the surface. ‘@e surface Absorbs the
Sun's radiation and gains energy, warming the surface.

The surface eventually releases some of this energy to the atmosphere above?Much of the energy is

released as infrared radiation, which is detected as heat, like the warmth felt from a fire. . This is shown by the
red arrows. As the temperature of a surface warms, it will release more@ed radnatlon Jregardless of what
materials make up the object. ?

Another way that energy is released from the surface is through conduction and convection, shown by the
curvy purple arrow. onducﬂon transfers heat to cooler air that directly touches the hot surface. Convecuon )
oceurs when air warmed by the surface rises upward, moving heat away from the surface. Convection from
hot pavement is the reason that the air above a hot road on a summer day appears to shimmer. Both
convection and conduction remove energy from the surface faster when the surface is much warmer than
the air above.

A third way by which energy is transferred from Earth's surface is through evaporation, which is shown by
the dashed purple arrow Evaporation )s the changing of liquid water to an invisible gas called water vapor,
This change requires ener\and evéporatlon is the reason that you cool off when you sweat. The surface
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Urban Heat Island and Its Effects Worksheet *ANSWER KEY*

of the Earth also "sweats". When water evaporates from Earth's surface, it transfers energy away from the
surface, keeping it cool. ?

tarth's energy is often referred to as a "budget” or "balance". This is because the Earth is always releasing
the same amount of energy that it is gaining. The processes of conduction, convection, infrared radiation,
and evaporation are all responsible for this balance. When something changes to throw off the balance,
some of all of these processes respond.

To talk about the movement of heat and energy, scientists use a i
(and hence perfect emitter) of heat and energy. They call this 2
would appear completely black to us. 2

goretical object that is a perfect absorber
ecause it absorbs all light and

Where Do Urban Heat Islands Form?

The hottest places on Earth have a few traits in common. They are full of rock and stone, they do not have a
lot

Urban HeatIsland TS of

On a hot summer day, the
temperature in the center
of urban New York City
can be 4°C higher than the
surrounding rural areas
with forests and farms.

e

ahren!

f

=

ore suburbar uroan {city) suburban rural (farms
water, plants, or trees, and they are full of dark colors. Cities are full of these rocky surfaces — asphailt,
brick, and concrete — that absorb heat by day and release it at night. These materials are used to make the
sidewalks, parking lots, roads, and basketball courts of urban areas. Urban heat islands form because
humans replace cooler surfaces with rocky surfaces. *

These hard and dark-colored surfaces contribute to the urban heat island effect in two ways. First, these

surfaces have a low which increases the amount of energy from solar radiation they absorb?Seoond.

these surfaces do not contain much water to evaporate, meaning that less of the absorbed energy *
evaporates water, and more goes into warming the surface and releasing energy by conduction, convection,
or radiation. The combination of these factors means that cities and other highly developed areas are hotter

than the plant-covered countryside.

Urban areas often see temperatures rise 6°C (10°F) hotter than the surrounding suburbs and rural areas. ./
Cities tend to be hotter than their surrounding areas at all times of the day and at all times of the year.
However, a variety of factors influence the urban heat islanq’pigger cities tend to have stronger heat-
trapping capacities than smaller cities. Cities surrounded by forest have more pronounced heat islands than
do cities in arid environments, since replacing forests with paved surfaces in urban areas has much more of
a warming effect than replacing dry sand and rock with pavement. 2
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Think about what you just read!

1. In your own words, what are some of the Urban Heat Island effects on big cities such as New
York City?

Some of the Urban Heat Island effects on big cities, like NYC are:

Extensive heat causing dehydration and heat exhaustion and even death
Respiratory difficulties and heat cramps.

Warmer air temperatures at night.

Land surface temperatures are hotter.

Increased energy demand.

Power outages

2. Describe the process of incoming solar radiation, reflectance and terrestrial radiation and how it
relates to urban cities as black bodies.

Radiation emitted by the Sun is absorbed by tall buildings, dark roofs, sidewalks, streets,
parking lots, asphalt, and concrete.

A black body absorbs all the radiation that reaches it without reflecting the same radiation,
the same radiation that it receives will increase its energy and, therefore, its temperature. In
addition, the molecules and atoms that form it emit new radiation to maintain thermal
equilibrium.

Buildings can be somewhat black bodies as they absorb all the radiation that falls on them,
but are capable of emitting radiation and raising the temperature. This is related to the
phenomenon of the Urban Heat Island.

Furthermore, the city absorbs almost 90% of the light and they are able to reflect 10% of
that radiation to the atmosphere. Absorbed light is converted into thermal energy and
emitted as heat.

Buildings absorb all wavelengths of light energy and convert them to heat, causing the object
to heat up.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
Matthew Pearce | Education Program Specialist | GSFC Office of STEM Engagement

105



National Aeronautics and Space Administration

Goddard Institute for Space Studies
New York, N.Y.

n Heat Island Poster Guidelines for Students:

Your poster should have:

A clear and complete definition of what is the Urban Heat Island and its effects

Clear connection to climate

Includes how NASA is contributing to this topic

Should be readable from about 10 feet away

Include at least one Urban Heat Island city example

Has a title that is short and draws interest

Text is clear and to the point (minimum 50 words)

Use of bullets, numbering, and headlines make it easy to read
Effective use of graphics, color and designs

Consistent and clean layout

Include acknowledgments, your name and your group’s names

You will be graded according to the following rubric:

Urban Heat Island Poster Rubric

Doesn’t meet expectations Satisfactory Meets expectations Exceeds expectations
Rubric Category o0 s o o o8 o o o8 o8 o8
N NS NS NS NS N NP NS N N®
| don’t include any graphics that | can include one graphic that | can efficiently include two graphics | can efficiently include more than two
Infographics demonstrates the Urban Heat demonstrates the Urban Heat that demonstrate the Urban Heat graphics that demonstrate the Urban
Island effects. Island effects. Island effects. Heat Island effects.
Connectiontto | can't describe_ how the Urban | can clearly describe on average | can clearly describe satisfactor_ily | can clearly describe in—depth how the
o —" Heat Island and its effects connect how the Urban Heat Isla_nd and its how the Urban Heat Isla_nd and its Urban Heat Island a_nd its effects
to climate. effects connect to climate. effects connect to climate. connect to climate.
Strategies to | can't clearly identify and explain | can identify and explain multiple | can clearly identify and explain | can clearly identify and explain
decrease Urban multiple strategies to decrease the strategies to decrease the Urban multiple strategies to decrease the multiple strategies to decrease the
Heat Island Urban Heat Island and its effects. Heat Island and its effects. Urban Heat Island and its effects. Urban Heat Island and its effects.
I can't | include at least 1 visual linclude at least 1 visual including linclude at least 2 visuals including I include more than 2 visuals including
G . including graphs, sketches or graphs, sketches or illustrations graphs, sketches or illustrations that graphs, sketches or illustrations that
raphics and . )
design illustrations that represent and that represent and connect to the represent and connect to the Urban represent and connect to the Urban
connect to the Urban Heat Island Urban Heat Island phenomenon. Heat Island phenomenon. Heat Island phenomenon.
phenomenon.
| don’t follow the procedures, can’t | can follow most of the | can follow all the procedures, | can efficiently follow all the
Productivity create a poster or follow all the procedures, create a poster and successfully create a poster and procedures, successfully create a
guidelines in an average way. follow all the guidelines in an follow all the guidelines in a poster and follow all the guidelines in
average way. comprehensive way. an exceptional way.
| don’t show a clear understanding | show some understanding of the | show a clear understanding of the | show a clear and in-depth
of the scientific concepts behind scientific concepts behind the scientific concepts behind the Urban understanding of the scientific
Understanding the Urban Heat Island Urban Heat Island phenomenon Heat Island phenomenon and its concepts behind the Urban Heat
phenomenon and its effects on an and its effects on an urban setting effects on an urban setting and Island phenomenon and its effects on
urban setting and climate. and climate. climate. an urban setting and climate.
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Note: The following is a sample poster for teacher reference only. Students should have
the freedom to creatively put their poster together, by following the guidelines on the
previous page and rubric. *ANSWER KEY*
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Steps for acquiring remote sensing imagery data from NASA and USGS’s EarthExplorer platform

Note: You will need a computer with internet access for accessing remote sensing imagery.
EarthExplorer Manual
You need to visit the EarthExplorer Website: https://earthexplorer.usgs.gov

Step One: Input your location

B cosshoseiie usond Type in your desired location in the “Address/Place” section and
I press “show.” The location you looked up should then pop up. Click
Slac] A Geocoding Mathad )

Audd e Pl - on it.
Brkirassil s
Curban Il *Notice how the map travels to the location you clicked on.
(o [
Mum AddressPlace Lamieuh Longhude
wael Ak BURSHT 112518
When you scroll further down the “Search Criteria” tab,
Resut Options there is the option to select a date range. Using this feature
Saarch from: | 0210171984 to; | 020112011 is recommended since it only gathers information from a
Search months: [all] - desired time period.

Step Two: Choose which data set you are using

. After you have completed all the instructions from Step One, scroll
Search Criteria Data Sets Additio ’
- _ - up and click the “Data Sets” tab.

2. Select Your Data Set(s)

= Landsat [J Once you open the tab, there are several different data sets to
# Landsat Collection 1 Level-3 choose from. Select the small + sign next to the Landsat option. This
% Landsat Analysis Ready Data (ARD) should reveal several other options. Check off “Landsat 4-5 TM C1
Level-1".

* Landsat Collection 1 Level-2 (On-Demand)

. d Coll I-
T * Make sure to choose a Landsat that has data from the date range

@) % Landsat 8 OLITIRS evel- : « : PN
S LandsatBOUITRS CLLevel L yoy selected in the “Search Criteria” tab.

W 5 Landsal 7 ETM+ C1 Level-1
9 & Landsat 4-5 TM C1 Levek1
L B Landsat 1-5 MSS C1 Level-1
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Step Three: Input any additional criteria

Search Criteria | Data Sets |EELTOE= I EY After you have completed all the instructions from Step
Two, scroll up and click the “Additional Criteria” tab.

3. Additional Criteria (Optional)
Land Cloud Cover

Al Scroll down to the “Land Cloud Cover” section and choose
o 0 ” - . .

Less than 10% Less than 10%.” Images with less clouds are ideal so that more of the image can be
seen.

Less than 20%

Less than 30%
Less than 40%

Collection Category

All | Select “Tier 1” under the “Collection category.” Then choose “Level 1TP” under “Data
Tier 1 Type Level-1.”
Tier 2|

Data Type Level-1
All

Level 1TP

Level 1GT

Level 1G5

Spacecraft Identifier
All

Landsat 4
Landsat 5

Proceed to the “Spacecraft Identifier” section and select “Landsat 5”.

Day/Night Indicator | cgose the time of day you would like your images to be in. Select “Day.”
All

Day
Might

Step Four: View Results

After you have completed all the instructions
SearchCriterla ) | Data Sets, || Asditinnal Critzra m from Step Three, scroll up and click the

“Results” tab.
4. Search Results
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ID:LTOS_L1TP_168081_ 20100413_20161016_01 T1

Acquisition Date:13-APR-10
Path: 168
Row:81

*'ﬂ ) 'mes

Once the results tab has fully loaded, images
satisfying all the selected criteria will appear.

* The icons under each image have different
functions.

on the map.

i.e. If you choose the second icon from the left, the image will be shown

m Level-1 GeoTIFF Data Product (122.7 MB)

1

i.e. If you select the icon with the green arrow, several
options to download will appear. Select the last option
(shown to the left).
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Name: Period: Date:

EarthExplorer Remote Sensing Imagery Analysis

Instructions: Use the EarthExplorer Manual, a computer and follow all steps to acquire remote sensing

imagery from EarthExplorer (https://earthexplorer.usgs.gov/). Then, answer the questions below.

1. Describe how was your experience acquiring EarthExplorer Remote Sensing Imagery. Mention at least one
struggle and one success during your experience.

2. Now you will choose New York City as a hew location for the period of 2005-2010 during the day to acquire
remote sensing imagery with less than 30% cloud coverage. Make sure to follow the instructions and
specifications from the EarthExplorer Manual. Complete the characteristics below:

Name of location: WRS Row: . Day/Night Indicator:
Acquisition date: Land Cloud Cover: Center Latitude:
Satellite: WRS Path: Scene Cloud Cover: Center Longitude:

3. Describe the natural color image on the following quadrants:

Top left of imagery scene Top right of imagery scene Include imagery scene sample
copy below:

Bottom left of imagery scene Bottom right of imagery scene

4. Analyze and compare the natural-color scene compared to the thermal preview scene.

5. Now you will choose a city or your choice from the list provided as a new location for the period of 1994-1999
with less than 70% cloud coverage during the day to acquire remote sensing imagery. Make sure to follow the
instructions and specifications from the Manual. Complete characteristics below:
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Name of location:
Acquisition date:

Satellite:

6. Describe the natural color and thermal image on the following quadrants:

National Aeronautics and Space Administration

Goddard Institute for Space Studies
New York, N.Y.

WRS Row:

WRS Path:

Land Cloud Cover:
Scene Cloud Cover:

Day/Night Indicator:

Include imagery scene sample

Center Latitude:
Center Longitude:

Top left of imagery scene

Top right of imagery scene

Bottom left of imagery scene

Bottom right of imagery scene

copy below:

What could be another complication in your remote sensing scenes?

Rubric Category

Doesn’t meet expectations

B
“

Satisfactory
g 4

Meets expectations
@
KA A 4

| can follow all the procedures,

7. Explain why clouds are a concern when trying to access remote sensing imagery scenes? Think deeper.

Exceeds expectations

g o4 S &
LELLX

| can efficiently follow all the

Productivity

| don't follow the procedures,
struggle to obtain Landsat imagery
scenes, don't analyze the
scenes and don’t respond to all
guestions in an average way.

| can follow most of the
procedures, obtain Landsat
imagery scenes, analyze the
scenes and respond to all
guestions in an average way.

successfully obtain Landsat imagery
scenes, analyze the scenes and
respond to all questions in a
comprehensive way.

| show a clear understanding of the

procedures, successfully obtain

Landsat imagery scenes, analyze
the scenes and respond to all

questions in an exceptional way.

| show a clear and in-depth
understanding of the scientific

Understanding

| don’t show a clear understanding
of the scientific concepts behind
remote sensing, satellite imagery
and the uses of satellites for land
surface research.

| show some understanding of the

scientific concepts behind remote

sensing, satellite imagery and the

uses of satellites for land surface
research.

scientific concepts behind remote

sensing, satellite imagery and the

uses of satellites for land surface
research.

concepts behind remote sensing,
satellite imagery and the uses of
satellites for land surface research.
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Name: Period: Date:

EarthExplorer Remote Sensing Imagery Analysis *ANSWER KEY*

Instructions: Use the EarthExplorer Manual, a computer and follow all steps to acquire remote sensing

imagery from EarthExplorer (https://earthexplorer.usgs.gov/). Then, answer the questions below.

1. Describe how was your experience acquiring EarthExplorer Remote Sensing Imagery. Mention at least one
struggle and one success during your experience.

This was a learning experience for me because | learned that we can see beyond our environment

through satellites. | struggled the most with interpreting the data and the most successful thing was
that | was able to see real images of the Earth.

2. Now you will choose New York City as a new location for the period of 2005-2010 during the day to acquire
remote sensing imagery. Make sure to follow the instructions and specifications from the EarthExplorer Manual.
Then complete the characteristics below:

Name of location:

New York WRS Row: 0.32  Day/Night Indicator: Day
Acquisition date: 2010 /11/ 09 Land Cloud Cover: 10.00
Satellite: 5 WRS Path: 013 Scene Cloud Cover: 17.00

3. Describe the natural color image on the following quadrants:

Top left of imagery scene

| can see that the green land
and the blue ocean seem to be
the same amount.

Top right of imagery scene

| can see more of the blue color
that is the ocean. Also, white
color is the clouds.

Bottom left of imagery scene

Thermal detection images
captured the land and the
ocean show a white color.

Bottom right of imagery scene

The thermal Sensing Imagery
captured the clouds showing a
black color.

Include imagery scene sample
copy below:

4. Analyze and compare the natural-color scene compared to the thermal preview scene.

The natural color scene shows the color of the ocean in a blue color and the green land shows
that there is vegetation. On another hand, thermal detection shows black clouds because they
absorb a small amount of solar energy and are cooler higher in the atmosphere.
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5. Now you will choose a city or your choice from the list provided as a new location for the period of 1994-1999

National Aeronautics and Space Administration
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with less than 70% cloud coverage during the day to acquire remote sensing imagery. Make sure to follow the
instructions and specifications from the Manual. Complete characteristics below:

Name of location:

Acquisition date: 10/19/1999

Satellite:

5 WRS Path: 197

Barcelona, Spain

WRS Row: 031

Land Cloud Cover: 58.00
Scene Cloud Cover: 39.00

6. Describe the natural color and thermal image on the following quadrants:

Day/Night Indicator:

Day

Top left of imagery scene

| can see a green and yellow
area and in that area some
white parts above and a little
blue part below.

Top right of imagery scene

| can see a blue area and in
all that area some white parts

above.

Bottom left of imagery scene

| can see a lot of black color at
the top and a white area below,
because the thermal detection
images captured the more
concentration of clouds in black
showing that there was heat in
that part since clouds being
mher are cooler giving less IR.

Bottom right of imagery scene

| can see a lot of white color
with some black parts because
the thermal detection images
captured the clouds in black
showing different cool spots.

Include imagery scene sample
co

below:

7. Explain why are clouds a concern when trying to access remote sensing imagery scenes? Think deeper.
What could be another complication in your remote sensing scenes?

The clouds block the remote sensing view so the satellite does not provide a clear image
because when you need to see the surface, the clouds block the image. Also, to analyze
surface temperatures, a clarity of 10% or less cloudiness is required. A complication may be
the concentration of snow, as it can also block our view of land surfaces due to the white color.

Rubric Category

Doesn’t meet expectations
4

Satisfactory
¥ e

NS N

Meets expectations
A A 4

NS N® N®

Exceeds expectations
& B & B
A A A

NS NS N® N

Productivity

| don't follow the procedures,
struggle to obtain Landsat imagery
scenes, don’t analyze the
scenes and don't respond to all
questions in an average way.

| can follow most of the
procedures, obtain Landsat
imagery scenes, analyze the
scenes and respond to all
questions in an average way.

| can follow all the procedures,
successfully obtain Landsat imagery
scenes, analyze the scenes and
respond to all questions in a
comprehensive way.

| can efficiently follow all the
procedures, successfully obtain
Landsat imagery scenes, analyze
the scenes and respond to all
questions in an exceptional way.

Understanding

| don’t show a clear understanding
of the scientific concepts behind
remote sensing, satellite imagery
and the uses of satellites for land
surface research.

| show some understanding of the

scientific concepts behind remote

sensing, satellite imagery and the

uses of satellites for land surface
research.

| show a clear understanding of the
scientific concepts behind remote
sensing, satellite imagery and the
uses of satellites for land surface
research.

| show a clear and in-depth
understanding of the scientific
concepts behind remote sensing,
satellite imagery and the uses of
satellites for land surface research.
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Websites used in this lesson:

NASA Urban Heat Islands: https://www.youtube.com/watch?v=InBO4vX82Fs

o) dany e

USGS EarthExplorer: https://earthexplorer.usgs.gov/

1. Enter Search Criteria

Tor niaeom gt Searct st e 0 a0 eddies o phios cata
afier coorcinoies or chok Ine map 1o dafine your search ared (for
stesecend msg oix ek Ui bl dooummnmalon) wedior
<hcose a cake rge.

| Goscotee JTETE ATEESY]

Seducd » Guocoding Mulnod
Foalure |GRIS) v
Search Liceite: Tha zasrch ot bt e 102 menshes selact 2

Cowyy, Fastve Chass avdov Feaime Thps o maore your
CNINGES of GNTOaTg NS (e

P T et
I‘ i‘ d WWass “sdine

Funtrs Nams

(use % as widoard)

Sate

21 -
Faalure Typa

A ¥
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Use Map | Add Coordiate | Choar Coordinms
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Google Earth Engine App: https://yceo.users.earthengine.app/view/uhimap

Fxpecmnnin
Q

Click on an urban clustor to axtract its UHI statistics

Daytime surface UHI intensity for year
2017

Earth Engine Apps Durban, South Africa

United States

Surface UHI

intensity ("C)
Chooas
display bayer

Aoveial duy S Mexico

. < 5

-1.5tw00 . Panisicas

Jto1.8 Paanta b3

15t03 B
2aatemaky
Jw4as Honzurae
B asta e Nk fagus
Gt 7.5
- >7.5 Coeta Riza

Panama
Venezuela
FAT hLL

Lesson Presentation Slides:

ENGAGE:

Temperatures and Vegetation Map Activity

Instructions for activity:

1. Each group of students will choose one of four cities:
New York, Atlanta, Baltimore and Providence.

2. You will work together with your group to come up with observations and
connections to climate change.

3. You have 5 minutes per group to talk and discuss your ideas.

4, You will answer the questions.
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Temperaturaes and Viegetation Map Activity

Temperahres and Vegetation Map Activity

Think deeper about

What do you see?
Where is this at?

What connections can you make?
Have you seen a map like this before?

Why is it important to have these maps?

NASA |esson 3 En

Temperotures and Vegetation Map Activity

NASA: Urban Heat Islands

NASA |
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EXPLORE:

Urban Heat lglond Article

Instructions for activity:

1. You will read about the phenomenon known as the
“Urban Heat Island".

2. You will have a conversation with your class that
reflects on the following questions:

» What is the urban heat island and its effects?

¢ What are some factors that influence on the urban heat island on

Urban Heat sland Article

[Bees i reeow WP RN o T e Sesieh s vve | |

fges
s

e iy L 09 ot

e o i 4 8 P it i A g P e Pt S

1t s o P it T 5 i b o e o et v
e

e L T S L L I T e
o g it g 8

* g
-

EXPLAIN:

Urban Heot Iskand Poster

Instructions for activity:

1. In groups of four, you will create a poster,
where you will explain what is the urban
heat island and its effects,

2. Follow the poster guidelines.

NASA [ess
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Urban Heat Iskand Poster

Guidelines:

e A clear and complete definition of what is the Urban Heat Island and its effects
e Clear connection to climate T
e Includes how NASA is contributing to this topic
e Should be readable from about 10 feet away
» Include at least one urban heat island city
o Has a title that is short and draws interest
e Textis clear and to the point (minimum 50 words)
* Use of bullets, numbering, and headlines make it easy to read
e Effective use of graphics, color and desugns
¢ Consistent ang?dea?,&a out .
Include

Urben Heaot Isiand Poster
Urban Heat bsland Poster Rubric
e T e e
i B - N o 4 B T -
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EXTEND:
EanthExplorer Remote Sensing Imagery
Instructions for activity:
1. You will now further investigate about the
concept of remote sensing imagery for Landsat.
2. You will explore imagery of different locations
including New York City, Durban and a location of their choice.
3. Goto this website: hitps://earthexplorer.usgs.qov/
4. You will follow the instructions have been included i n the document: Earth
Explorer Manual.
Complete the worksheet *Earth Explorer Remote Sensing Imagery Analysis”
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[E— -

T .

EarthExplorer Remote Sensing Imogery

Instructions Earth Explorer Manual:
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2.

4. Complete th
» £

NASA |

Instructions for activity:

e worksheet.

Urban Heat island Intensity and Earth Engine App

3. Record your values in your table,

. You will follow the steps that appear in the document
called “Earth Engine App and Urban Heat Island Intensity”,

Go to the website: hitpsi//veeo users earthengine appiview/uhimap
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Urbon Heat Iskand Intensity ond Earth Engine App

Google Earth Engine App

By e e Ay e

ot b
——y

My g
tad

N‘A\Sﬁ Lesson 3: Evaluate

Steps:

* Atthe top, there is a search bar where you will type in the name of your city.

¢ Once you have searched and selected your city, the map will take you to the city.
Select a part of the city by clicking on top of the map. In order to get a valid data
map, make sure you click on an area that has colored pixels on top.

e On the right side, you will be able to see the data including annual daytime UHI,
annual nighttime UHI, summer daytime UHI, summer nighttime UHI, winter
daytime, winter nighttime as well as long-term and seasonal UHI intensity
graphs.

e Record the values In your table, as requested. In order to calculate the range of
intansity, you will subltract the lowest summer daylime intensity from the highest
summer daylime intensity.

e Complete the table on the worksheet with the required information.

N"A‘SA Lesson 3: Evoluate
AMnda

Differentiated instruction activities

This lesson includes instructional activities that promote differentiation in the following ways:

e Students learn new content in multiple ways including orally (through groups and class
discussions), visually (through the use of videos and images), data analysis (through
infographics and graphs) and reflection.

e Students use graphic organizers that help them process and organize their understanding
of the new content.

e Lessons include graphic organizers with sentence starters that benefit English Language
Learners and Special Education students to organize their ideas in better ways.

o Every lesson is adaptable to the personal learning plans of students.
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11. Conclusion Assessment Quantification and linkage to next lesson:

This has been the third lesson of this climate unit plan which had a focus on the Urban Heat
Island phenomenon and its effects. During this third lesson, students had the opportunity to make
observations on remote sensing imagery from different cities, discuss and make connections
about temperature and vegetation and reading about the Urban Heat Island phenomenon. In
addition, they create a poster and explain what is the Urban Heat Island and its effects,
investigate, access and download remote sensing imagery from EarthExplorer for New York City
and a city of their choice. Furthermore, they analyze remote sensing imagery from EarthExplorer
and reflect on the process and imagery characteristics, as well as calculate the land surface
temperatures of different locations from the Earth Engine Apps specifications. The completion of
all worksheets, tasks and activities with a high rubric grade demonstrates assessment
quantification of student’s learning. In the next lesson, students will learn more about the land
surface temperatures as well as record, collect and upload their data.
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Lesson 4: Changing Land Surface Temperatures

1. Table of Contents for lesson

Section Page
Summary & Goals 124
Lesson Model 125
Content Template 127
Supporting Documents 133
Conclusion 156

2. Summary and Goals of Lesson
This lesson is titled “Land Surface Temperatures Around Us” and it serves as an introduction to
this unit plan which incorporates the 5SE model template. It focuses on Urban Heat Island and its
effects on cities such as changes in land surface temperatures.

The goals for this lesson include students to be able to:

Predict what is the land surface temperature outside of school

Discuss what factors influence land surface temperature changes

Explore the land surface temperatures outside of school

Use an infrared thermometer to record land surface temperatures

Collect temperature data and upload it to the GLOBE platform

Compare their land surface temperature results with other young scientists.
Reflect on their results and the differences between their recordings.

Analyze for any correlations between the land surface temperatures and the
locations where they test temperatures

Describe the process of recording temperatures locally outside of school (give
steps) and explain how this relates to how scientists do this in the field.

o Review a scientific journal paper that focuses on the land surface temperatures
and Urban Heat Island effects

O O O 0O O O 0 O0

o

The goals for this lesson will be met throughout the activities and assignments for each part
of the lesson plan.

3. CCRI Lesson Plan Content Template

*Scroll to next to see this component.
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NGSS Standards & NYS Standards: Common Core Standard: NASA Science:
HS-ESS3-1 Analyze geoscience data to make the claim that one change to Earth’s surface j§ ELA-LITERACY.RL.11-12.1: —Earth Science
can create feedbacks that cause changes to other Earth systems. e  Cite strong and thorough textual evidence to support analysis of what
the text says explicitly as well as inferences drawn from the text,
HS-PS4-6 Different patterns may be observed at each of the scales at which a system is including determining where the text leaves matters uncertain.

studied and can provide evidence for causality in explanations of phenomena.
CCSS.ELA-LITERACY.RST.11-12.9

New York State Earth Science Standards (NYSES): e  Synthesize information from a range of sources (e.g., texts,

2.1a Earth systems have internal and external sources of energy, which create heat. experiments, simulations) into a coherent understanding of a process,
phenomenon, or concept, resolving conflicting information when

2.2¢c Alocation’s climate is influenced by latitude, proximity to large bodies of water, ocean possible.

currents, prevailing winds, vegetative cover, elevation, and mountain ranges.
CCSS.ELA-LITERACY.RST.11-12.4

Phenomenon: Flow of Energy and Matter e Determine the meaning of symbols, key terms, and other domain-
) specific words and phrases as they are used in a specific scientific or
Crosscutting concepts: technical context relevant to grades 11-12 texts and topics.
e  Systems and System Models
. Stability & Change MATH.CONTENT.HSN.Q.A.3
e  Patterns e  Choose a level of accuracy appropriate to limitations on measurement
Cause and Effect when reporting quantities.

‘ Content Area and Grade Level Name of Project-Based Activity or Theme: Estimated Time Frame to Complete:

Content Area: Earth Science
Grade Level: 11 & 12 grades

Students will record land surface temperatures outside of school based on an infrared
gun who they, analyze their recordings and uploading them to GLOBE portal.

This is the fourth lesson of 5 parts of this unit plan. It is
estimated to take 5 days, if taught on periods of about 55
minutes a day.

Overall Investigation Question(s): How can we use an instrument to explore the land surface temperatures outside of school and analyze them and relate to Urban Heat Island?

Overall Project Description/Activity: Identify how land surface temperatures are different in several locations outside of school an analyze their meaning.

Classroom Equipment:

Materials Needed to Complete Project  Stakeholders: Hyperlinks Used:

Multimedia/Technology:

Provided worksheets —Students GLOBE Data Entry Mobile App: Laptops with internet Laptops
. Infrared thermometers —Educator Link: https://www.globe.gov/globe-data/data-entry/data-entry-app connection . Printer
—Administrator GLOBE Visualization System: e  Laptops with PowerPoint e  Smartboard

Link: https://climate.nasa.gov/interactives/climate-time-machine/ e Smartboard
. Infrared thermometer
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Category

NASA System Engineering Behaviors

Activities

Student Outcomes

Evaluation

Attachments?

List and attach all PowerPoint
presentations and supportive
documents for instructional activities

Attachments?

List and attach all rubrics for activity
and assessment evaluation

List Attached Documents:

Surface Temperature Recording
GLOBE Data Submission
Science Journal Article

List Attached Rubrics:

Outside of School LST Local Recording Analysis Worksheet Rubric
Journal Paper Reading, Analysis and Interpretations Worksheet Rubric

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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. . - . . Work cooperatively with team
Uses visuals to communicate complex - Students will identify how the temperatures of several locations
. - Communications . . members to record land surface Urban Heat Island
interaction outside of school have different temperatures. .
temperatures with thermometer.
Communicates effectively through Communications J Students will work together in groups to analyze a scientific journal Complete the definition of Urban Heat
; A Y 9 about Heat Island Effects. Island and factor based on a scientific Urban Heat Island
personal interaction h
journal.
Builds T Cohesi Leadership Students will work in harmony and assign tasks and responsibilities Present about the Urban Heat Island Climat
utlds Team L.onesion among peers in order to work for a common goal. scientific journal and present a part. imate
) ] Leadership Students value each of their members in the group for their Provide feedback on their classmates’ )
Appreciates/Recognizes Others contribution and support their ideas. group presentations. Climate
Attitudes & Students will interpret how scientists do scientific research and how Discuss different parts of a scientific
Has a comprehensive view Attributes they report their findings based on a journal. journal on Urban Heat Island effects.5 Urban Heat Island
. . Attitudes & Students will record their own temperature data from instrument and Use the instrument to understand how
Sjggi(;gifr?rmatmn and uses the art of Attributes compare to their classmates to represent different surfaces and different settings can absorb or reflect Radiation
d 9 temperature connections. radiation.
Validates facts, information and Systems Students will read about the effect of the Urban Heat Island effects. | Validates the evidence and puts it Climate change
assumptions Thinking together in order to explain it. evidence
Keeps the focus on mission Systems Students will work on the assigned work and task in order to Pay attention and follow procedures to
requirements Thinking complete it by the given time. complete the task.
. Technical Teacher will give feedback to students based on their performance at the Reflects and uses feedback to do better.
Learns from success and failures Acumen activities and students will use and reflect on that feedback.
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4. Mission Alignment
This lesson is part of this climate unit plan and aligns with NASA’s Terra satellite mission.
Terra explores the connections between Earth's atmosphere, land, snow and ice, ocean,
and energy balance to understand Earth's climate and climate change and to map the
impact of human activity and natural disasters on communities and ecosystems.

5. Time to implement lesson
This is the fourth lesson of 5 parts of this unit plan. It is estimated to take a whole
week, if taught on periods of about 55 minutes a day.

6. Materials required

—Laptops —Infrared thermometers —Supplies

—Internet connection —Cell phones (students’ mobile devices)

—Worksheets and supporting documents are provided at the end the lesson
template.

7. 5 E lesson model template:

What the Teacher does What the Students do Time
ENGAGE
Predicting Outside Land Surface Temperatures e Listen to introduction of
e Tell students that in our previous lesson we activity.

analyzed satellite data from different
locations but today we will predict and study
our own area around our school! Mention that
scientists compare results with other
scientists in order to test observations and

analyze them. e Students are reflecting on
their knowledge about
e Create a discussion through a Write-Pair- land surface temperature
Share where students will reflect on the (LST) and recording their
following questions: ideas about the LST 35
i . m
recordings outside school
“What do you think will be the land surface and factors that may
temperature (LST)outside of our school? affect it.

What about surrounding areas? Do you think
that they will have different LST’s?
e Students are sharing their

Have students explain their ideas in their ideas in a class
notebook (2 mins) and then have them share discussion and building
with each other (1 min). on each other’s ideas
about land surface
e Then facilitate a class discussion about temperatures.

students’ answers and record their ideas on
the board. Some further questions that can
be implemented during the discussion
include:
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o What factors influence land surface
temperature changes?

o How much can land surface
temperature vary during the day?

o Which materials could contribute to
warmer temperatures?

o How does air temperature also
connect with land surface
temperatures?

EXPLORE

Recording Land Surface Temperatures & GLOBE

Tell students that they will be exploring the
land surface temperatures (LST’s) outside of
school and compare their results with other
young scientists (students) that have
compiled their data like them by using
NASA’s sponsored program GLOBE.

Tell students that they will be collecting the
LST’s by using Infrared thermometers.

Model to students how to use an infrared
thermometer and give the protocol to
students. These are the instructions how to
use a thermometer:

o Hold the infrared thermometer in your
hands.

o Look for a Celsius/Fahrenheit (C°/F°)
Button.

o Flip the switch to the desired unit of
measurement. Use °F, if students in
your location are more used to these.

o Turn the temperature laser gun on
with the power button.

o Aim the laser on the temperature gun
to the place where you want to
measure a temperature.

o Stand as closely as possible to the
object for the most accurate
temperature.

o Pull the trigger to view the
temperature reading on the digital
display on the infrared thermometer.

o Finally, take notes of the temperature
obtained on the infrared thermometer.

Listen to introduction of
activity.

Learn how to use an
Infrared thermometer and
follow the protocol given
in order to collect the
LST’s from 3 different
locations around school.

Collect LST’s using their
infrared thermometers as
they work together with
their groups.

50 mins

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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e They will work in groups and choose 4 o
different locations around the school: one
with obvious vegetation, one near the
concrete roads/buildings/concrete, and one of
their own liking. The teacher can choose to
have more locations, depending on area. o

¢ Have students go outside of the school and
give each group with an infrared
thermometer. Remind students that if they
have any questions, they can refer back to
the protocol.

e When students have recorded their surface
temperatures, they should upload and enter
their GLOBE data, as shown in the protocol,
as teacher was trained in the protocol
assigned in previous lesson.

Work in groups to choose
the locations around
school to record their
temperatures.

Go outside of school as a
class and use
thermometers to record

surface temperature data.

Upload their data on
GLOBE platform based
on their characteristics
and recordings.

EXPLAIN
Land Surface Temperature GLOBE Data Entry

¢ Now that students have already recorded and
collected the LST’s in the locations of their .
choice, have students come back to the
classroom.

e Tell students that they will now make sense
of their data that they have collected as well
as the collections from the NASA GLOBE
database.

e By using laptops (although they can use their
phones), students will access if their data
connects to the observations from other
young scientists like them. Students can also
download the GLOBE App to access and
upload data: https://www.globe.gov/globe-
data/data-entry/data-entry-app

e Visualizing the already submitted data:
https://vis.globe.gov/GLOBE/

e If other sources have not uploaded similar
data in local area, remind students that often
a scientist can be the first in making certain
observations for an area. We may be the first
in the GLOBE community to do so. This

Listen to introduction of
activity.

Students will access the
data and connect their
collections to the GLOBE
database by following the
instructions on the
GLOBE app.

Visualize the submitted
data.

50 mins

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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uploaded process may take some time, as
students will first have to discuss the
precision of their own recordings.

EXTEND

Reflection and Analysis of GLOBE Data Entry

e Give students a writing prompt that is based
on students’ Land Surface Temperature
recordings. Have students reflect on their
results and the differences between their
recordings. Encourage them to recall their
knowledge about remote sensing data. This
will serve as a formative assessment. These
are the prompts, which are also on the
worksheet called “Outside of School LST
Local Recording” that you will provide each
student with a copy:

o Describe what were the different
locations that you choose to record
your temperatures and the land
surface temperatures that you
recorded.

o Were there are any correlations
between the land surface
temperatures and the locations where
you tested temperatures? Explain
differences and similarities.

o Describe the process of recording
temperatures locally outside of school
(give steps) and explain how this
relates to how scientists do this in the
field.

o Make an aerial-view sketch of the
location and color the areas according
to colors you choose to represent
specific temperatures.

e As students are reflecting on the analysis of
their GLOBE data entry, circulate around the
room to assist students. 50 minutes is
recommended for this activity, but teacher
may decide to extend it based on the
students.

Listen to introduction of
activity.

Record their ideas to
answer the prompt given
by the teacher.

Reflect on the process of
acquiring land surface
temperature data from
infrared thermometer and
uploading it to the GLOBE
platform.

50 mins

EVALUATE

Remotely Sensing Cooling Effects on Urban Heat
Island Scientific Journal Article

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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e Tell students that they will now get to explore
how scientists contribute and communicate e Listen to introduction of
their research projects through journals, such activity.
as journal paper called, “Remotely Sensing
the Cooling Effects of City Scale Efforts to
Reduce Urban Heat Island”

e Read and annotate the

¢ Provide a copy of the journal paper to every journal paper with their
student and divide the class in different groups.
groups, where they will read the journal paper
and make annotations with their groups. As
students read the journal paper, they will also 60 mins
receive a graphic organizer that they will
complete to keep track of their notes.

e Then you will assign parts of the journal
paper to all groups so that each group

focuses on an assigned part of the paper and e Present about their
present their part in small 5-minute assigned part from the
presentations. You can choose to assign the Journal paper and as one
following paper divisions: group presents, the other

students record their

Introduction .
observations.

Materials/Methods
Results
Discussion
Conclusion

O O O O O

e The teacher may prefer to divide the groups
in different subsections of the paper, if
preferred.

e As students are listening to their classmates
present their assigned parts, they will record
their notes on the graphic organizer.

8. Standards
Next Generation of Science Standards (NGSS):

HS-ESS2-2. Analyze geoscience data to make the claim that one change to Earth’s
surface can create feedbacks that cause changes to other Earth systems.

HS-PS4-6 Different patterns may be observed at each of the scales at which a system
is studied and can provide evidence for causality in explanations of
phenomena.
DCI ESS2.A Earth Materials and Systems
NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI)) 131
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CC Energy and matter: Energy drives the cycling of matter within and between
systems. (HS-ESS2-3)

Change and rates of change can be quantified and modeled over very short or
very long periods of time. Some system changes are irreversible. (HS-ESS2-1)

New York State Earth Science Standards (NYSES):
NYSES 2.1a Earth systems have internal and external sources of energy, both of which create heat.

NYSES 2.2c A location’s climate is influenced by latitude, proximity to large bodies of water, ocean
currents, prevailing winds, vegetative cover, elevation, and mountain ranges.

Common Core Standards:

MATH.CONTENT.HSN.Q.A.3
Choose a level of accuracy appropriate to limitations on measurement
when reporting quantities.

ELA-LITERACY.W.9-10.9
Draw evidence from literary or informational texts to support analysis,
reflection, and research.

a. NASA System Engineering Behavior Model utilized in lesson

o Leadership
o Builds Team Cohesion
o Appreciates/Recognizes Others

o Communication
o Listens Effectively and Translates Information
o Communicates Effectively Through Personal Interaction

o Attitudes and attributes
o Has a Comprehensive View

o Problem Solving & Systems Thinking
o Assimilates, Analyzes, and Synthesizes Data
o Validates Facts, Information and Assumptions
o Has the Ability to Find Connections and Patterns Across the System

9. Supporting Documents:

*Scroll down to see elements
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Atmosphere Investigation — surface Temperature Report
School name:

Study site:

Names of observers:

Date: Time:

Sample 1
Describe the surface in details. Is it wet or dry? Describe below:

Describe the vegetation in this area, include the vegetation type, density, trees, grass, etc.

Sample 2
Describe the surface in details. Is it wet or dry? Describe below:

Describe the vegetation in this area, include the vegetation type, density, trees, grass, etc.

Sample 3
Describe the surface in details. Is it wet or dry? Describe below:

Describe the vegetation in this area, include the vegetation type, density, trees, grass, etc.

Sample 4
Describe the surface in details. Is it wet or dry? Describe below:

Describe the vegetation in this area, include the vegetation type, density, trees, grass, etc.
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Sky Conditions

Atmosphere Investigation. Swiace Temperature Data Sheet - Page 2 . Requnred Field
Study Site: Date: Time (UT):
1. What is in Your Sky?
Total Cloud/Contrail Cover: O Fog O Sand
() Sky is Obscured O Heavy Rain O Spray O Haze
O None (Go to box 2) O Scattered (25-50%) O Heavy Snow O Smoke O Volcanic Ash
O Few(<10%) ) Broken (50-90%) O Blowing Snow O Dust
O Isolated (10-25%) O Overcast (90-100%) Go to box 6
*If you can observe sky color or visibility, compiete box 2
2. Sky Color and Visibility
Color (Look Up): (OCannot Observe _Deep Biue OBlue  OlLight Blue CPale Blue Milky

3. High Level Clouds

Visibility (Look Across): () Cannot Observe () Unusually Clear () Clear

()Somewhat Hazy ( Very Hazy ) Extremely Hazy

. = short-lived Cloud Cover: Visual Opacity:
i
S iy - OFew  (<10%) O Opaque
Cloud Type: T persistent () isolated (10%-25%) O Translucent
) e G #| | O Scattered (25%-50%) - Transparent
O Cirrocumulus I ""i"" N 2 Broken  (50%-90%)
O Cirrostratus spreacing () Overcast (>90%)
4. Mid Level Clouds Cloud Cover : Visual Opacity:
) No Mid Level Clouds Observed (Gotobox5) () Few (<10%) ) Opaque
_ C Isolated (10%-25%) O Translucent
Cloud Type: () Scattered (25%-50%) O Transparent
O Altostratus () Altocumulus C Broken  (50%-90%)
() Overcast (>90%)
5. Low Level Clouds Ol Conen Visual Opacity:
O No Low Level Clouds Observed (Gotobox6) ) Faw (<10%) O Opaque
Cloud Type: O Isolated  (10%-25%) O Translucent
O Fog O Stratus O Scattered (25%-50%) O Transparent
O Nimbostratus O Cumulus O Broken (50%-90%)
© Cumulonimbus O Stratocumulus O Overcast (>90%)
8. Surface Conditions ;
: Optional:
. NOE salony o You may submit any or all
Snow/lce ) Dry Ground e o Temperature: __ °C
Standing Water () () LeavesonTrees () () | BaromeincPressure: _mb
Relative Humidity: %
Muddy O O Raining/Snowing O O

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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suriace Temperature Protocol

Field Guide

Task
Measure surface temperature.

What You Need
Q Surface Temperature Data Sheet J Pencil or pen

1 Hand-held Infrared Thermometer O GLOBE Cloud Chart
(IRT)

O Thermal Glove (use when the air 0 Accurate watch
temperature at the study site varies
more than 5 degrees Celsius from
the air temperature of where the IRT
has been stored.)

Q0 Ruler or Meter Stick,
(if snow cover is present)

In The Field

1. When necessary, either wrap the IRT in a Thermal Glove before you go to your study
site or place the IRT outdoors for at least 30 minutes prior to data collection. For more
details, refer to the Thermal Glove -or- Place IRT Outdoors For At Least 60 Minutes
section of this protocol.

2. Complete the top section of your Surface Temperature Data Sheet (fill out the
Supplemental Site Definition Data section if you are taking Surface Temperature
Measurements at a particular site for the first time, or if one of the values in that
section has changed).

3. Take cloud observations following GLOBE Cloud Protocols.

4. If there is no snow on the ground anywhere in your Site, then check either “Wet™ or
“Dry” for the Site’s Overall Surface Condition field on your Surface Temperature Data
Sheet.

5. Check the box that corresponds to the method used to prevent the IRT from
experiencing thermal shock.

6. Pick 4 Observation Spots that are in open areas within your site and are at least 5
meters apart. The Spots should also be away from trees and buildings that create a
shadow on the land and in locations that have not been recently disturbed by people
or animal traffic. (Note: It is best that you take readings at the 9 individual Observation
Spots within seconds of each other.)

7. Go to one of the nine Observation Spots and stand so that you do not cast a shadow
on the Spot.

8. Record the Current Time and its comresponding Universal Time (UT) on your Surface
Temperature Data Sheet.

9. Hold the infrared thermometer (IRT) (wrapped in a Thermal Glove when necessary)
with your arm extended straight out and point the instrument straight down at the
ground.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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10. Hold the IRT (wrapped in a Thermal Glove when necessary) as still as possible. Press
and release the recording button. [You MUST release the recording button for the
instrument to register and hold your spot’s surface temperature.]

11. Read and record the surface temperature from the digital display screen located on
the top of the IRT. (Note: Surface Temperature is recorded in Celsius to the nearest
tenth degree, ie. 25.8)

12. Measure and record the snow depth in millimeters at the Observation Spot.
13. Repeat steps 7-12 at each of the remaining three Observation Spots.

14. Record any other information that explains the environmental conditions of the day or
site in the Comments field.

The above pictures show correct use of IRT, a) without @ Thermal Glove and b) with Thermal Giove

Surface temperature
reading from digital :és a C
display of infrared MAX 25
thermometer (IRT)
NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI)) 136
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Period: Date:

Outside of School LST Local Recording Analysis

Instructions: Record land surface temperatures outside of school and enter data on GLOBE platform. Then

answer and reflect on the following questions.

1. Make an aerial-view sketch of the location and color the areas according to colors you choose to
represent specific land-surface temperatures.

Aerial-View Sketch of the research area Temperature and colors

Temp. Color

Date: Time:

2. Describe what were the different locations that you chose to record your temperatures and the land
surface temperatures that you recorded.

3. Were there are any correlations between the land surface temperatures and the locations where
you tested temperatures? Explain differences and similarities.

4. Describe the process of recording temperatures locally outside of school (give steps) and explain
how this relates to how scientists do this in the field.

Satisfactory Meets expectations

pecta Exceeds expectations
& 4 L A 4

W W

NS NS N® N

Doesn’t meet expectations

Rubric Category o
NS

| can follow most of the
procedures, sketch the research
location and respond to all
questions in an average way.

| can follow all the procedures,
successfully sketch the research
location and respond to all questions
in a comprehensive way.

| don't follow the procedures,
struggle to sketch the research
location and don’t respond to all

questions in an average way.

Productivity

| can efficiently follow all the
procedures, successfully sketch the
research location and respond to all
questions in an exceptional way.

| show a clear understanding of the
scientific concepts behind land surface
temperature and the effects of Urban
Heat Island on cities.

| don’t show a clear understanding
of the scientific concepts behind
land surface temperature and the
effects of Urban Heat Island on
cities.

| show some understanding of the
scientific concepts behind land
surface temperature and the
effects of Urban Heat Island on
cities.

Understanding

| show a clear and in-depth
understanding of the scientific
concepts behind land surface
temperature and the effects of Urban
Heat Island on cities.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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Name: T ORI

Outside of School LST Local Recording Analysis *ANSWER KEY"

Instructions: R

1. Make an aerial-view sketch of the location and color the areas according to colors you choose to
represent specific land-surface temperatures.

Aerial-View Sketch of the research area

! ) ’% Temperature and colors
BBECSHN \ ‘ = Temp.  Color
e e @ B rop oo

lgﬁ ' ﬁ o I | I8 ¢F = _}kﬂw

Date: 86/ /8 /2620 ﬂme:""[g"}gé' am %Tdé_ w;\—KTR’ 8l oF - _QIQ%C

2. Describe what were the different locations that you choose to record your temperatures and the
land surface temperatures that you recorded.

T chose Y different /oca"ffons; schoolga_(d ; srde uua.l[ﬁsl b asketbal(

cooctand neayx scheol ‘OU(‘A\(’\S. The Témperatures that T recocded
at 1600 amTe! Scheol yard TS5 °F Green
Basketball couc] 90 *F

SrdewwalK
o

Schoof%

Orange
3. Were there are any correlations between

3 8 ( °F
(dina 78 cF  Yelloco. ‘
the lant surface temperatures and the locations where
you tested temperatures? Explain differences and similarities.
Yes, a.sphﬁi’fbas/dé}'abalrcoor'f% was 'li'cr and had a Aigher o‘ljrm
temperatfvresfGosF. On the oTher hand, The school Yad had a locwer
5ur£cwe- Temperature OF 75°F, The Two places were inThe 6aMe a.rea_cm_‘c
but-the diferbnce 15 That-The asphalt idnlt havezrees, grass and plasts
so it-was hettec, ButThe scheol yacd has a- sorface w ThTHEES, grass and
plants. The SorfFace tempearatvre was The lowesT, Both SorFaces have
csame meascce in the samearea ot the diference (5 the Temperatoce,
4. Describe the process of recording temperatures locally outside of school (give steps) and explain
how this relates to how scientists do this in the field.
rst, L chose the research a

Next, T chose The Sfmfadgesrfﬁ'éc-'fﬁc. location) scfsile o€ QQ\\oo\.

+hent veed 1nsTroments L Hc.'l'he_’thermomej‘er gon and T recocded Hhe

cla:f‘o., and up'oa.c\ecl (t on the LOBRE p/a'-n‘brm %o share wiTh dther
gelentists and school commant

hasfly, T made a -&zmperz&um color—coded =T and analized and
lh‘ﬁ:.rpre.‘f‘&c(. The decta .

egs:ir?h&ti\e’tﬁfpzﬁ?mg +thedd ge; en‘hS’f's do cn.s‘u‘e_ po_rF‘oernS
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Name: Period: Date:
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ARTICLE INFO ABSTRACT

Article history:

Received 6 June 2011
Received in revised lorm
27 July 20m
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While recent years have seen many analyses of rechniques to reduce urban heat island, nearly all of these
studies have either been evaluations of real small scale applications or attempts to model the effects of
large scale applications. This study is an attempt to analyze a real large scale application by observing
recent vegetated and reflective surfaces in LANDSAT images of Chicago, a city which has deployed
a variety of heat island combative methods over the last 15 years. Results show that Chicago's new
reflective surlaces since 1995 produced o noticeable impact on the citywide albedo, raising it by about

Keyworidi: 0.016, while citywide NDVI increase is around 0.00% This finding along with counts of pixels with
Urhan heat island 2 X S % . 3

Chicago increased albedo and NDVI suggest that the reflective strategics influenced a larger arca of the city than
Alheda the vegetative methods, Additionally, plots between albedo increase and corresponding LANDSAT

NDVI remperature change over the test period have linear regressions with steeper slopes { - 15.7) and stronger
Vegetation linear correlations {—0.33) than plots between NDVI increase and temperature change [ —8.9 slope, =017
Refiective roof correlation) This indicates that the albedo increases produced greater LANDSAT cooling than the NDVI
increases. Observation of aerial images confirmed that typical instances of efforts to increase albedo, such
as reflective roofs, produced stronger LANDSAT cooling than common instances of NDVI efforts, such as
green roofs, street trees and green spaces. Accordingly, the reflective strategies were likely much more
effective at cooling Chicago's LANDSAT heat island and may signify a generally more effective strategy for

similar cities.
@ 2011 Elsevier Lid, All rights reserved.

1. Introduction

Since the first observations of the urban heat island (UHI) eflect,
in which urban areas can be a few degrees warmer Lhan
surrounding rural areas, there has been a growing agreement that
strategies to cool cities must be developed and tested, The present
urbanization projections that estimate 6.3 hillion people living in
cities by 2050 have intensified the need to make urban environ-
ments more comfortable and livable [27]. At the same time, recent
concerns about energy consumption have placed emphasis on
minimizing the energy used to achieve thermal comfort, urging
people to rely on passive ventilation from their UHI-altered
surroundings [22]. Moreover, with global warming projections
threatening to further increase urban temperatures world-wide,

* Correspanding author. Present sddress: 24 Denton Courl, Rockeille Centre,
NY 115700 USA, Tel: 1 516 504 0165
E-mail addresses. christophermackeydyvaleedu, chivistfmackeyarchitecture.cont
(CA. Mackey), xubuilee@yale.odu (X, Lee), ronald smith@yale edu (R.A. Smith),

0360-1323)5 — see lront matter » 2011 Elsevier Lid. All vights reserved.
doi: 10001655, buildenv,2017,08 004
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urban cooling techniques may preve even more important in the
coming decades [22].

Faced with these issues, many scientists are developing
a number of possible urban cooling strategies [ 14,28] and two have
gained acceptance to the point that they are being implemented in
a number of cities, These implemented strategies include one that
seeks to increase urhan reflectivity [6] and another that seeks to
increase urban vegetation [10]. Both of these accepted methods
focus on mitigating one of the primary causes of UHI outlined by
|18] — rthe fact that urban materials, when compared to rural
materials, tend to have properties conducive to higher tempera-
tures. These properties include lower moisture contents, lower
thermal roughness lengths, and lower surface albedos. By
increasing the reflectiveness of urban surfaces, the former strategy
helps remove solar radiation that would otherwise be converted
into heat. In the latter strategy, mcreased vegelation provides
enhanced evapotranspiration, which converts absorbed solar
radiation into latent heat instead of sensible heat | 12]. Additionally,
increasing vegetation increases land surface roughness, which
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promotes the transfer of heat to the air and the convection of heat
away from the ground [4]. Typical urban strategies belonging to the
former category include the installation of reflective roofs or
pavement [23] while strategies belonging Lo the latter category
include the introduction of vegetation by means of green roofs,
street/yard trees, and green spaces [10].

Numerous studies have revealed that both the reflective and
vegetative strategies have the potential Lo significantly cool urban
environments, However, these studies have either been on a small
scale, observing individual instances of cooling method application
|7.8.23,25]; or they have been attempts to model what would
happen if such methods were adopted on a city scale or larger
[1,2,6,24]. This study is one of the first to present data regarding the
actual implementation of urban cooling strategies on a city scale,
Up until this peint, the cooling efforts of most cities appear to be too
small to have noticeable impacts on this scale and their effects are
likely indistinguishable amid other alterations such as land use
change with development. However, after almost two decades of
minimal development while implementing UHI-combative strate-
gies in both the vegetated and reflective categories (ocutlined in
Appendix A), the city of Chicago has established itself as an optimal
testing ground for the comparison of such efforts,

This study’s analysis of Chicago's coaling efforts is particularly
helpful for informing the debate over the comparative effectiveness
of the reflective and vegetated metheds. To date, this debate has
been informed only by the aforementioned means of analysis and
this has had limitations in terms of the complex issues cities face as
they seek to reduce their temperature. For example, while the
replacement of vegetation with impermeable surfaces is a major
cause of UHI and one should probably favor vegetated surfaces over
impermeable ones when drafting cooling strategies [16]; some
studics have revealed that this may not always be the best route to
follow. One multi-year study in Hyogo, Japan found that highly
reflective impermeable white roofs were slightly cooler than grassy
green ones, suggesting that these roofs could compete with vege-
tative methods [25]. Supporting these findings are a number of
studies verifying that vegetation must be dense and include shrubs/
trees in order to produce the large cooling effects needed to affect
changes on a city scale [5819]. When viewed in relation to
vegetation-based strategies, this may arouse economic concerns
since dense vegetation often has high planting and maimntenance

Table 1

344

costs in urban areas. Some have suggested that the additional
ecosystem services offered by a vegetative strategy, such mini-
mized storm water runoffl and air purification, might be enough to
make it a worthwhile investment [17,20]. However, it 15 difficult to
quantify the value of such benefits and understand how they will
impact the eftectiveness of strategies as they are implemented over
an entire city.

It is because of complications such as these that information on
the actual implementation of caoling strategies over cities is
particularly helpful. Issues such as maintenance costs and ecolog-
ical services are difficult to factor into computer models and
observations of small-scale applications often have unique situa-
tions that are different than that of an entire city. Accordingly, this
study will observe a real-world example in an attempt to address
some of the limitations in these previous studies, Specifically, this
study will observe the citywide increases in Chicago's vegetation
and albedo over the last 15 years and compare each of their effects
on remotely-sensed surface temperature.

2. Material and methods

Data collection began with the selection of LANDSAT 5 images to
represent Chicago at present and prior to the implementation of
cooling strategies [around 1995). Only the area within the political
borders of the city was considered for analysis since it was within
these imits that the most intense and organized efforts took place.
An attempt was made to find images without cloud cover, with
comparable anniversary dates, and with similar atmospheric
conditions in order to minimize error in the comparison of the
images' vegetation, albedo and surface temperatures. Ultimately, 8
individual images were selected and these were arranged 1o
produce 5 pairs of past/present images. Table 1 displays data
regarding the atmospheric conditions of the images and illustrates
that the disparities between each of the pairs are not great enough
to compromise the integrity of the analysis. In the course of the
study, the only disparity that seems to have produced an anoma-
lous result was the difference in previous day's and month's
precipitation in Image pair 5. However, the pair represents an
interesting finding that may have relevance for long-term cooling
strategies factoring in precipitation increases from global warming
and, thus, it was kept in the study. It is important to note that,

The atmospheric conditions over Chicago when cach of this study's LANDSAT images was taken. “Ground” refers to values that are an average berween those recorded at O'Hare
International Airport and Midway Airport in the hour the satellite passed averhead, “Ralloon” refers to an average of values recarded at a pressure/height of 925 hpa by weather
halloon soundings in nearhy Lincoln, 11 and Davenport, 1L Since soundings occur every 12 b the values were interpalated to the time that the satellite passed over,

Date Average LANDSAT  Cround air - Ground Ballova an Balloon Cround wind Prev. day's  Prev. month's  Perceat of city
surface temp. (*C)  temp (°C} Dewpt. (“C]  temp (°C) Dewpt (°C)  speed (km h-1)  rain [cm) rain (cm) in cloudshadow

Image Pair 1

May 30 1995 208 229 131 15.1 45 G 0.0 8.9 0o
June 5 2009 309 206 64 147 3.0 14 0.0 142 00
Difference =11 -23 -67 -04 -15 +B 0.0 +5.3 0.0
Image Pair 2

July 3 1996 313 229 140 16.5 10,5 21 00 14 15
July 2 2007 n2 215 83 17.9 6.8 15 04 64 0o
Difference -1 -14 -52 +14 -37 -7 +04 -5.0 -1.5
Image Pair 3

June 15 1995 324 275 1338 18.1 9.9 10 03 8.1 oo
|une 16 2007 350 305 153 240 11.1 14 00 5.5 0o
Difference 126 130 ‘LS 159 1.2 ‘4 03 26 0.0
Image Pair 4

July 11995 208 203 B2 123 5.5 17 00 6.6 24
July 2 2007 302 215 B3 179 6.8 15 04 6.4 0.0
Difference =04 +1.2 +0.6 +5.6 +13 -3 -04 -0.2 -24
Image Pair 5

June 151995 324 27,5 1338 18.1 9.9 10 0.3 81 0o
June 24 2010 320 237 159 184 12,2 16 31 18.6 40
Difference -04 —-38 =21 +0.3 +23 -6 =28 +10.5 +4.0
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because all the images of the study are from LANDSAT 5, all images
of Chicago were taken at the same time of day (10:29 AM} and have
comparable sun angles for images with similar anniversary dates.

After the LANDSAT images were selected, their digital numbers
were converted to radiance or reflectance using information in the
header files and a series of algorithms in the software ENVI. Next,
pixels outside the Chicago political border were masked using
a vector file obtained from the city government. Additionally, the
three images that possessed cloud cover in their scenes (see
Table 1) had their cloud and cloud shadow pixels manually masked.

In order to further minimize the errors caused by differences in
armoespheric conditions, an atmospheric correction was performed
an all five pairs. This began with the designation of 29 pixels
throughout the city that represent objects of very stable reflec-
tance, While 29 pixels is a small number of pixels in relation to the
size of Chicago, abservation of acrial images revealed great uncer-
tainty with the stability of many surfaces in the city over the 15-
year period. For example, streets and playing courts were often
repaved or hecame weathered, light roofs accumulated dust, bare
soil and vegetated surfaces changed in vegetation content, and
shallow water bodies changed in algae levels. Most pixels in Chi-
cago included a portion of these land cover types and were
subsequently unsuitable for this correction strategy. Accordingly,
only the few surfaces that were identified in aerial imagery as
having undergone the smallest change were used. These mostly
included deep water bodies, large dark warchouse roofs, and
sections of concrete pavement at airports. A linear regression of the
individual band reflectance values of the selected 29 pixels was
derived between the past and present images of each pair. The
equation of this regression was then applied to one of the images in
each pair in order to correct it to the ather, If one image in a pair
was thought to possess a generally clearer atmospheric condition
than the other (i.e. lower dew point in Table 1), it was used as the
base image and the other was corrected to it. Otherwise the past
image was corrected to the present one as a default.

Admiteedly, this form of atmospheric correction may compro-
mise this study's ability to accurately derive values pertaining to
individual scenes, such as the city's absolute albedo in a given
image. However, this method was found to be optimal for deriving
the changes between image pairs — such as the change in citywide
albedo over the test period — and, accordingly, it was found to give
results with a higher degree of consistency than some physics-
based correction techniques that were investigated.,

This correction method was also applied to the radiance of the
LANDSAT thermal bands since it was assumed that objects that did
net underge major surface changes during the test period should
also have stahle average surface temperatures, Like the reflectance,
this means that the surface temperature values in this study are not
precise indications of the actual surface temperatures of individual
LANDSAT scenes. Rather, they are meant to capture the average
lemperature change from surface modifications duning the test
period.

Normalized difference vegetation index [NDVI) was calculated
for all images using the corrected reflectance of LANDSAT bands 3
and 4 and a threshold NDVI of 0.35 was applied to all images to
distinguish vegetated surfaces from non-vegetated ones. It is worth
noting that this NDVI threshold value is fairly high for most studies
and, as a result, a number of sparse lawns that did not have an NDVI
as high as 0.35 were not classified as vegetated surfaces. However,
this 0.35 value is justifiable by the fact that pixels with an NDVI
below it did not exhibit a strong correlation between NDVI and
temperature while those above it did. This trend is visible in Fig, 1
as well as a number of other studies that observe urban NDVI]
[13,26]. The high threshold is also justifiable in that, above 0.35,
NDVI is agreed to have a strong correlation to photosynthetic

CW Mackey er el [/ Building aod Ervironment 49 (20)2) 338-358

& Vegetated @ Non-vegetated

&
S 32 %
a 30 £ % =
w ™
o 28 - = -
E ha
2 26 1
24
22
0 01 02 03 04 05 06 07 08
NDVI

Fig. 1. The origin of the .35 NUVI threshold as illustrated by the relationship between
NOVI and temperatuse in U image lrom May 30th 1995 Each data point represents
a hin-averaged value with error hars indicaring one standard deviation. The hest fit line
for values abowe D35 has a negative slope indicating cooling as NDWI increases while
wvalues below 035 are best ft by 2 flat line wath no comelation. This trend of
temperature decrease abave a 0.35 NDVI is observable in all 8 Chicago scenes of this
study.

activity and plant evapotranspiration [11]. Accordingly, NDVI can be
used as a measure of quantity of vegetation within a pixel and not
Jjust a measure of how likely that a given pixel is vegetated.

Once the threshold was set, images of Chicago’s NDVI in vege-
tated pixels {above the 0.35 threshold) were generated tor each of
the dates along with images of multu-band reflectance for non-
vegetated pixels (below the 0.35 threshold). lmages of multi-band
reflectance then had their water pixels masked out after a super-
vised classification of such areas in each LANDSAT scene. Next, the
multi-band reflectance images were converted into broadband
albedo images using the formula developed by |15] for a band-
weighted average albedo.

Temperature was calculated by using the inverse of the Planck
function. An emissivity value of 0,954 was used in this function that
was derived by averaging the values of all pixels within the Chicago
political border of a July 2006 ASTER emissivity product. The
images of NDVI and albedo were then laid over their corresponding
temperature images and the relationships between the variables
were assessed. Afterward, the pixel values of all 1995 images were
subtracted from those of the corresponding present images to yield
data sets for the change in albedo, NDVI, and temperature between
1995 and the present The albedo change and NDVI change images
were laid over their corresponding temperature change images and
the relationships between them were assessed.

When evaluating the relationships between NDVI, albedo and
the corresponding temperature, analysis was done on a pixel-
by-pixel basis, For example, let a; and by represent the albeda
change and temperature change respectively at pixel p of an image
pair. A negative correlation between a and b acress the city would
provide confirmation of the effectiveness of the albedo strategy
since lemperature decreases as albedo increases.

After this analysis, an attempt was made at verifying the causes
of albedo and NDVI changes ohserved in the LANDSAT images using
high resolution aerial photography from an April 1998 National
Aerial Photography Program (NAPP flyover and a June 2010 aerial
flyover by the USDA Farm Service Agency. Aerial images were laid
over images depicting change in LANDSAT data and specific areas of
NDVI, albedo, and temperature change were identified. This last
step verified that many of the instances with decreased tempera-
ture in the LANDSAT images were the result of efforts to reduce
urban temperatures such as the installation of new reflective roofs,
the zoning of new parks, and the planting of new street/yard trees,
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3. Results

3.1, Correlations of NDVI and albedo to remperature wirhin single
scenes of Chicago

Before the selected LANDSAT data can be used to draw conclu-
sions regarding the effectiveness of cooling strategies, it is first
necessary to determine whether satellite-observed NDVI and
albedo actually correspond to lower LANDSAT temperatures in
individual scenes of Chicago. As Fig, 2 illustrates, both parameters
exhibit inverse correlations to temperature and generate negatively
sloped linear regressions in plots against temperature. This, along
with Table 2, which displays the correlations and slopes of the 8
plots used to make Fig. 2, establishes that LANDSAT temperature in
Chicago consistently decreases as NDVI and albedo increase.

Though NDVI and albedo share this trend, Chicago's vegetated
NDVI has a much stronger relationship to lower temperature than its
non-vegetated albedo. For example, NDVI abave the 0.35 threshold
consistently produces strong correlations around —0.67 while non-
vegelated, non-water albedo consistently produces far weaker
correlations around —=0.15.0n accordance with this, the linear
regressions for NDVI/temperature plots consistently have steep
slopes around —16.2 while those for albedo/temperature plots have
shallow slopes around - 6.9. Such a comparison of slopes is mean-
ingful because both graphs in Fig, 2 portray similar ranges af bath
NDVI and albedo, which conveniently marks the approximate
maximum and mimmum of both parameters in the scenes of Chi-
cago. Multiplying these similar ranges by the regression slopes
grants a sense of the typical maximum cooling provided by each
parameter within Chicago, translating to a maximum NDVI cooling
around 6.5 “C and a maximum albedo cooling around -3.1 "C.

These sharp differences between NDV] and albedo seem
consistent with the observations of previous studies that have used
remote sensing lo compare similar parameters to temperature
within cities. For example, a study of 24 cities by Small [21] used
a vegetation index (o observe the strong inverse correlation
between surface temperature and vegetation fraction that this
study notes above through NDVI. Additionally Small [21], found the
relationship between surface temperature and thermal rock
substrate, which is related to non-vegetated albedo, to typically be
much weaker and explained this through competing effects of
albedo, illumination and soil moisture. Factors such as soil mois-
ture, which darkens and cools surfaces, may also explain the
weaker relationship between non-vegetated albedo and tempera-
ture observed here. Regardless of explanation, the consistency of
these findings with studies of multiple cities suggests that these
trends are commaon and are likely relevant to many other situations.

NDVI to Temperature

correlation =-0.67

364

g 1

g 3251

=1 -

B30 N'\%\‘

- J
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24 2P0 7 .
035 0.45 0.55 0.65
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Table 2
The linear correlations and slopes of Linear regressions for plots of NOVI and albedo
against temperature in single scenes of Chicaga,

Date NDVI to temperature Mbedo 10 temperature
Regression Correlation Regression Correlation
slope slope

May 30th 1995 -13.2 ~0.64 -51 -0.10

June Sth 2009 1G.6 0.67 114 0.21

July 3rd 1996 =161 -0.64 -4.1 -0.12

July 2nd 2007 16.7 0.67 112 Q.14

June 15th 1995 -16.9 0.66 -42 0.4

June 16¢h 2007 ~18.9 ~-0.69 -74 -0.17

July 1st 19895 -17.0 -071 -65 -0.21

June 24ch 200 ~14.2 -N63 50 -0,

Average -16.2 -0.67 -69 -0.15

3.2. Correlations of NDVI and albedo change (o temperature change
berween paired images

In spite of the above trend emphasizing the cooling impact of
vegetation over albedo, it appears that Chicago's increases in
albedo during the test period were more effective at lowering
LANDSAT surface temperatures than its increases in vegetation.
Fig. 3 displays this by plotting the average albedo and NDVI
increases of the 5 images pairs against the corresponding
temperature changes over the test period. Table 3 displays the
correlations and slopes of the individual plots used to make Fig. 3
and shows that the trends are consistent across the 5 images
pairs, As both the figure and table illustrate, increases in non-
vegetated non-water albedo had strong correlations to tempera-
ture decrease around —0.33 while increases in vegetated NDVI had
weaker ones around —0.17. Similarly, the slopes of regressions for
albedo increase /temperature change plots are steep around —15.7
while those for NDVI increase/temperature change plots are
shallow around 8.9, Multiplied by the ranges of NDV1 and albedo
increase, this translates to a typical maximum albedo cooling
of -6.3 °C and a typical maximum NDVI cooling of-3.6 °C.

Though Table 3 displays an acceptable degree ol consistency
between the correlations and regression slopes of the 5 image pairs,
many of the disparities between them have reasonable explana-
rions that strengthen the certainty of their accuracy. For example,
the fact that Image pairs |1 and 5 have stronger correlations and
steeper slopes for albedo increase than pairs 2, 3 and 4 makes
sense in light of the fact that T and 5 use images from 2009 to 2010
to signify the present while the others use images from 2007, In
2008, Chicago's reflective roofl zoning codes were intensified to
require a higher minimum albedo for new roofs and this likely

Albedo to Temperature

36 correlation =-0.15
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Fig. 2. Plats of NDVI and albedo against LANDSAT temperature depicting the average values and trends across all 8 images chserved in the stixly, Each data point represents 2 hin-

averaged value with enor bars indicating one standard deviaton.
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NDVI Increase to Temperature Change
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Fig. 3. Plots of NDVI and albedo increase against LANDSAT temperature change beoween 1995 and the present Data points and regression curves depict the average values and
trends across all 5 LANDSAT pastipresent pairs ahserved in the study, Each data point represents a hin-averaged value with error hars indicating ane standard deviation,

strengthened the cooling effect of albedo increases in pairs using
images after this policy change. Yet another disparity with
a reasonable explanation is the unusually strong correlation
(-0.32) and steep slope (- 15.1) of image pair 5's NDVI increase to
temperature change. This anomaly is clarified in Table 1, which
reveals that Image pair 5 has an unusually large disparity between
the two images’ previous rainfalls. Before the day that the image
characterizing the present was taken in this pair, there was
a substantial precipitation event of 3,1 cm that was not reciprocated
in the past image. Also, the month hefore the present image's
capture had a record-breaking quantity of rainfall around 18,6 cm
while the past only received 8.1 cm, The additional rainfall in the
present image must have intensified the cooling effects of the
vegetation increases between the two dates by accelerating plant
growth, productivity and evapotranspiration in a way that the
minor precipitation disparities of the other pairs did not. Interest-
ingly enough, this increased precipitation does not seem to have
strengthened the correlation of the present image's overall NDVI to
temperature within that one scene (—0.63) as this value is less than
the average of all 8 scenes {—0.67). However, such precipitation has
clearly had an effect on the NDVI increases between the dates and
reveals that the cooling effects of Chicago’s new vegetation are
highly dependent upon rain. This finding has interesting conse-
quences for cooling strategies that anticipate increases in precipi-
tation from global warming since, in a scenario with increasing rain
such as this, the cooling effects of new vegetation appear nearly
equivalent to those of new reflective surfaces. However, for the
purposes of understanding the optimal methods in the absence of
changing precipitation conditions, the aforementioned trends
stressing albedo cooling over NDVI cooling are valid and accurate.

Table 3
The linear correlations and slopes of linear regressions for plots of NDVI and albedo
increase against temperature change over the test period

Image pair - NDVI incresse Lo temperature Albedo increase 1o
change temperature change
Regression slope  Correlation  Regresswon sloge  Corvelation
Pair 1 7.0 0.09 211 0.36
Pair 2 -59 -0.14 -10.1 -0.31
Pair 3 -938 011 -17.2 -0.31
Pair 4 68 0.18 1.8 0.34
Pair s =151 -0.32 -18.5 0,34
Average -89 -0.17 —-15.7 -033

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))

3.3. Changes in area of vegetated and refiective surfaces between
paired images

In addition to evaluating relationships between NDVI/albedo
increases and temperature change, it is also useful to understand
how much of the city’s area was affected by such changes. One
means of informing such an understanding is to consider the
average quantities of LANDSAT pixels that increased in albedo and
NDVI between the 5 image pairs. This reveals that there were
approximately twice as many non-vegetated pixels that increased
in albedo during the test period (300 579) as there were pixels that
increased in NDVI to or above the 0.35 vegetation threshold
(162 243). While informative, these quantities are not necessarily
an indication that efforts to increase albedo influenced a larger area
of the city since many of these pixels could be very close to a zero
change between the two images and just happened to fall on the
side of increase. One possible means of distinguishing the pixels
that were effective efforts from the arbitrary increases is to elimi-
nate the pixels that increased in albedo or NDVI by a value smaller
than 0.01, This reveals an average af 142 367 pixels for NDVI and
216 581 pixels for albedo. Yet another means of distinguishing the
cooling efforts 15 to only count pixels that increased in albedo/NDVI
and also decreased in LANDSAT temperature and this method
shows an average of G9 281 pixels for NDVI and 154 G15pixcels for
albedo.

Perhaps the most informative way to understand the arca
cooled by each of the strategies is to multiply the area of pixels that
increased in NDVIjalbedo and decreased in temperature by the
average cooling that was noted in these pixels. This would yield
a general “area cooling index”™ for each method with the units of
km? C. Following this process, NDVI increases exhibited an average
area cooling index of 74.8 km?°C while albedo increases had a much
larger 214.6 km?°C. An abstract way of understanding these values
is to think of the cooling that occurred in Chicage as a region that
had a uniform drop in temperature of 1 “C. [n this sense, the area
cooling index is the size of this region in km* that resulted from
each of the methods.

3.4, Changes in citywide NDVI and albedo
With the exact area of the city that increased in albedn or NDVI

still in question, it is worthwhile ta inform this issue with nhser-
vations of the citywide changes in these parameters over the test
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period. Table 4 displays such information and reveals a subtle
increase in Chicage's average citywide NDVI around 1 0.009, which
is mirrored by a small increase in vegetated surface area
around 1117 km® Although such an average increasing trend
seems like a reasonable result of efforts to increase vegetation over
the test period, this increase is inconsistent across the 5 image pairs
and such a discrepancy must be explained in order for this infer-
ence to be acceptable. Notably, image pair 1 exhibits an almost
nonexistent increase in citywide NDVI {-0.001} and a total
decrease in Chicago's vegetated area { 5.8 km?) that is contradic-
tory to the overall increasing trend. The primary cause of this lack of
consistency is likely the differences in precipitation before the
images were taken, which can raise or lower the NDVI of surfaces
by influencing plant productivity and photosynthesis. Such an
explanation is supported by the general relationship between the
pairs' previous-week precipitation difference and the citywide
NDVI change, both of which are noted in Table 4. In this sense, the
decreasing vegetated area of pair 1 is the result of a large decrease
in the previous week's precipitation between the two dates. All
image pairs support the trend of greater vegelation increase with
an mncrease in previous-week rain except for Image Pair 4, which
has the largest decrease in rainfall but also the greatest increase in
NDVI of all the pairs. The reason for this anomaly is probahly the
2.4% cloud cover in the past image of the pair (see Table 1), which
sits directly above one of the largest areas of vegetation clearing
that occurred during the test period, After this cleared area was
masked in both the present and past images as part of the proce-
dure, the citywide NDVI increase was recorded to be much greater
than what actually happened over the whole city and, accordingly,
this pair is not suitable for documenting the city’s overall NDVI
change. However, all other observations of pair 4 in this study
should be valid as this section is the only one where vegetation
decreases between dates play a rele, Discounting this pair, the
average NDVI change of the entire city is +0.007 and the average
change in vegetated surfaces is +9.4 km?, Since these 4 remaining
pairs encompass a diverse enough number of precipitation
scenarios, their average values of vegetation change are hopefully
a good reflection of the terrestrial alterations that occurred during

Table 4

the test period and do not heavily reflect the changing rain
conditions. Some reassurance of this can be found in the average
change of previous week’s rain among the 4 pairs ( 10.62 cm},
which is close to zero.

Contrary to the subtle effects of vegetation increases that are
difficult to distinguish amid rain and cloud cover, Chicago’s new
reflective surfaces had a clear impact on the albedo of the city. All 5
pairs exhibit an increase in Chicage’s citywide albedo that averages
out to 0.016 and translates to 0.022 when one narrows down the
domain to just the city's non-vegetated and non-water pixels. The
area covered by pixels with albedo above 0.2 also increased by an
average of 51.9 km?, which is noteworthy because 0.2 is approxi-
mately the minimum albedo of a reflective roof. Though these
findings exhibit a more certain trend than the NDVI increases, there
is still a degree of inconsistency between the pairs in Table 4 that
should be addressed. An important factor that likely accounts for
the much higher albedo increase in pairs 1 and 5 is the afore-
mentioned intensification of reflective roof zoning codes in 2008,
which raised the albedo of the present images of these pairs (laken
in 2009 and 2010) above that of the other pairs (taken in 2007). In
this sense, the aforementioned average albedo increases are an
indication of the change as of approximately 2008 and albedo
seems 1o have continued to increase after this time. Yet another
factor that likely contributes to the inconsistency is the effect that
varying precipitation between the images has on soil albedo. As is
the case with NDVI, the diversity of precipitation scenarios between
the image pairs should be enough to counteract this error in the
averages noted here,

The average albedo increase of 0,016 can also help give a sense
of the change in the city’s heat absorption that occurred over test
period, For example, a citywide albedo increase of 0.016 means
that an additional 3.9 W;'m2 are reflected away from the surface of
Chicago during the months of June, July and August. This translates
to an average reflection of 2.4 CW over the entire city during this
time. To put this estimate in more tangible terms, this is the
equivalent cooling power of approximately 65 000 large window
air conditioning units operating nen-stop at full capacity
throughout these months or more than one extra air conditioning

Parameters describing the citywade changes in Chicago's NUVI and albedo between pastiresent image pairs. "Vegetared* and “Non-vegetared” refer to pixels above and below
the 0,35 NOVI threshold respectively, All values come from LANDSAT data except for the previous weel's rainfall, which was caleulated using airport records,

Date Whole city Veg. area Veg. © Whole Non-veg. Area w)Albedo »0.2 Prev. week's
NDVI (k') of city city albedo albedo (km”} rainfall (cm)

Image Pair 1

May 30th 1995 0295 2223 366 0152 0153 210 51

Jume 5th 2009 0.296 216,5 356 0173 0130 844 23

Change +0.001 —-58 -1.0 +0.021 +0.027 +634 —28

Image Pair 2

July 3rd 19955 0270 177.5 297 0.159 0160 291 on

July 2nd 2007 0278 190.7 319 0.168 0.173 614 05

Change +0.008 132 +2.2 +0.000 +0013 +323 =05

Image Pair 1

June 15th 1995 0277 1855 305 0.156 0.156 239 05

June 16th 2007 0234 196.0 323 0172 01ss 30 00

Change + 0,007 +10.5 +1.8 +0.016 +0.022 +49.1 ~0.5

Image Pair 4

July 1s¢ 1995 0263 1b6.4 280 0.156 0157 2449 43

July 2nd 2007 0277 1974 36 0163 niva 65A0 05

Change +0.014 =210 +3.6 +0.012 +0.017 +40.1 —-38

Image Pair 5

Jume 15th 1995 0276 1778 na 156 n1s7 235 05

June 24th 2010 0239 1976 3319 0.181 0.187 8.4 58

Change +0.013 =198 +34 +0.025 +0.030 +749 =53

Average

1995 0276 1859 3L 0.156 0.157 245 2.1

Present 0285 197.6 330 0172 0178 76.4 1.8

Change 1 0.008 11,7 119 10016 | 0,022 1519 03
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for every two households. Of course, it is important to keep in
mind that this cooling is diffused whereas air conditicners act on
specific rooms but this quantity nevertheless suggests that
reflective efforts produced a large enough effect to impact
microclimates, especially in some neighborhoods where albedo
increases were found to be as much as four times that of the city
average.

3.5, Changes on building to neighborhood scales

In an attempt to verify that the NDVI and albedo changes
observed in the previous sections were the result of at least
partially-intentional urban cooling efforts, high resolution aerial
images taken in 1998 and 2010 were analyzed in relation the
LANDSAT data. To accomplish this, LANDSAT-derived images were
generated in which areas of increased and decreased NDVI, albedo
and temperature could be easily located (Fig. 4). Areas of apparent
albedo and NDVI increase were observed in relation to the aerial
images and specific instances that represent the effects of certain
methods were selected for display in Fig. 5. For this figure, an
attempt was made at Anding instances that best characterized the
citywide impacts of each of four different types of cooling efforts
cmployed by Chicago in the test period: reflective roofs, green
roofs, streel trees, and green spaces (i.e. parks, grassy schoolyards,
and nature preserves).

LANDSAT temperature changes resulting from new reflective
rools were some of the largest of those observed in the study.
Certain multi-block neighborhoods, such as the Western Ukrainian
Village depicted at the top of Fig. 5, were found to have cooled by as
much as 3.4 °C with albedo increases around 0.07. Some large
warehouse roafs that became reflective, such as the one on the
Industrial Storage Warehouse Corporation on W Ohio Street
(second row of Fig. 5), cooled by as much as 5.0 “C with alhedo
increases around 0,16, [t is worth noting that a large fraction of the
areas of albedo increase in Fig. 5{the green areas) were found to he
the result of reflective roofs, From simple visual observations, more
than 75% of the "green areas" in Fig. 5 can be attributed to new
reflective roofs and most of the remaining changes appear to be the
result of new bare soil or the weathering of asphalt. Accordingly,
this eftort had a definite cooling impact that was widespread and
likely affected the LANDSAT heat island of the city.

Green roofs were admittedly difficult to evaluate using this
method since many of the new instances that were larger than
a 30 m pixel were installed over new skyscrapers in the downtown
region where bare soil had existed previously. [n spite of this, there
are a few striking trends in the LANDSAT images that reveal the
effectiveness of this strategy. Most importantly, out of 21 new green
roofs larger than a 30 m pixel that were identified in the downtown
area, not a single one succeeded in producing a LANDSAT pixel with
an NDVI greater than 0.35 in any of the images of this study. As
noted in Fig. 1 and other studies [13,26]; the surpassing of this
threshold is necessary for a vegetated surface to produce noticeable
cooling effects and suggests that the green roofs were ineflective at
lowering LANDSAT temperature over the test period. The third row
of Fig. 5 supports this inference with observations of one of the few
large green roofs that arose over an existing building in the test
period: the new green roofl atop City Hall. As the figure illustrates,
the new vegetation over this 120 m » 60 m surface fails to produce
any 30 m-pixels that pass the 0.35 threshold and instead shows up
as an albedo increase of 0.02 in the LANDSAT images. In accordance
with this, an insignificant average LANDSAT temperature change
of 0,1 °Caccurs over the roof.

The failure of the green roofs in this manner is surprising and, as
other instances of coaling efforts will reveal, grass at ground level
easily passes the vegetation threshold and produces noticeable
LANDSAT cooling, Accordingly, there appears to be a consistent
difficulty in getting vegetation to be dense enough in the layer of
soil on building roofs such that there are noticeable effects on the
LANDSAT scale. It can thus be concluded that this type of effort had
an insignificant effect on Chicago's LANDSAT heat island and this is
especially true when one considers that all of the city’s new green
roofs account for at most 7 million square feet of additional vege
tation, which is approximately one thousandth of the city's total
area.

Unlike new green roofs, certain multi-block neighborhoods with
new street trees exhibited strong indications of cooling. The fourth
row of Fig. 5 is a good example of this trend and depicts a neigh-
borhood where increases in NDVI were primarily the result of new
trees: the blocks bounded by Garfield Boulevard, Ashland Avenue,
51st Street, and the rail yards of the New City Community Area.
Here, areas of NDVI increase from new trees in the NDVI-change
image seem Lo be mirrored by areas of temperature decrease in

Fig. 4. lmages used to identily areas ol NDVL albedo and temperature change lor comparisen with aecial images. Albedo and NDVI change images depict LANDSAT data of each
parameter from 1995 set to a red channel and from 2009 st to a green channel. Thus, an area appears greener if it increased in the given parameter over the test period and redder
il it decreased. Yellaw, broven and black signify minimal change. The temperature change image is a color coded subtraction of 1995 temperature from present day temperature, The
darkest blue denotes a decrease in termperature by 3 °C while the darkest red is an increase in temperature by 3 °C Original LANDSAT images tor this figure are taken from image
pair 1. {For interpretanion of the references to colour in this figure legend. the reader is referred to the web version of this article.)
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Fig. 5. Specific examples of UHI efforts duning the test penad. The two left columns contain high reseletion aeclal images while the three nght columns show enlarged and
resampled vevsions of the LANDSAT images in Fig. 5. Quantities above the images in the three nght hand columns represent the change n the area bounded by the white lines
averaged across all 5 image pairs. Note: NDVI change values only account for the portion of the change above the 0.35 threshold.
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the LANDSAT thermal image. Also, when zoomed in to specific
blacks of particularly intensive tree planting (bounded by the white
box), cooling trends around —1.1 “C are apparent amid NDVI
increases of 011, [n light of this and the fact that Chicago increased
its tree count by at least 15% during the test period, it seems likely
that the trees had a cooling effect on Chicaga's LANDSAT UHI. This
effect was larger than that of green roofs hut does not appear ta be
as influential as the reflective roof zoning.

New green spaces produced the most varied results of all the
cooling techniques observed because they encompass a large range
of sub-methods including the replacement of asphalt schoolyards
with grass, the zoning of new community parks, and the estab-
lishment of new nature preserves. The conversion of schoolyards
from Dlacktop to grass produced noticeable results in LANDSAT
imagery, which appear comparable in cooling and NDVI change to
blacles of intense street-tree planting. For instance, the conversion
of the playing field at Ames Middle School (fifth row of Fig. 5)
cooled the area by approximately 0.9 °C while increasing NDVI by
0.15. Considering that Chicago converted over 100 of such school-
yards in the test period, it seems likely that this strategy had
a modest cooling effect.

Many of the areas that were identified as the city's newly-zoned
parks were sub-bluck-sized sites such as the McKinley Library Park
in the sixth row of lig. 5. As the figure suggests, these strategies
were large enough to produce noticeable changes in single 30 m-
pixels af the NDVI change images but had relatively insignificant
effects on the thermal images, which were captured using LAND-
SAT 5s 120 m-pixel thermal thematic mapper. Consequently, the
park in Fig. 5 exhibited a large NDVI increase of 0.15 but a temper-
ature change of only 0.3 "C. Although this study’s method of
evaluation is not ideal for determining the eftects of such small
parks, it scems safe to conclude that these parks had a minor
citywide cooling impact. This is especially true when one considers
that there were over 100 similar new green spaces that arose
during the test period which, when taken together, would amount
to a large area exhibiting noticeable LANDSAT coaling,

A collection of new vegelated areas that proved much more
noticeable than these identified parks was a number of slightly
larger industrial lots that became abandened and overgrown in the
test period. If action were to be taken to allow these newly vege-
tated areas to be left intact, then this strategy could certainly be
considered an effective method for cooling and reducing urban
temperatures. A good example of one such site is a lot next to an
abandoned warehouse with the address 1856 N Leclaire Ave.
{eighth row of Fig, 5). As the figure illustrates, the NDV1 of the lot
increased by 0.17, triggering a substantial drop in temperature
around 1.9 °C. An exact count of these sites was difficult to
assemble but they seem least as common as converted schoolyards
and they had more intense cooling effects than these schoolyards.

The largest cooling from vegetation was a previously industrial
site around the recently established Calumet Open Space Reserve
{last row of Fig. 5). With this site seemingly lefl to return o levels of
native vegetation, the area cooled by 2.6 “C with an overall NDVI
increase of 0.25, Although there is only one of these reserve-scale
areas that arose in the test period, this instance establishes
a compelling argument for large parks/reserves as the vegetation-
based strategy that is the most effective at cooling,

4. Discussion

Before the findings of this study can inform planning decisions
and urban cooling strategy, it is first necessary to consider a few
limitations of the data set, Perhaps most importantly, this study
relies almost entirely on data from LANDSAT 5, which has several

CW Mackey of al [/ Building and Environment 49 (2012) 345 158

limitations in terms of the accuracy of albedo, NDVI and tempera-
ture values that are derived from it.

Firstly, the albedo values that were generated in this study do
not take inte account the hemispherical reflectance of surfaces in
the manner that some of today's sensors can and, accordingly,
albedo values only indicate the changes at specific sensor and sun
angles for each image or pair. MODIS hi-directional albedo prad-
ucts, which are much better at describing this hemispherical
albedo, give generally lower values for the citywide albedo of
Chicago that are around 0.13 (the LANDSAT values of this study are
around 0,17), Also, the citywide MODIS albedo increase between
2002 and the 2010 is around 0.006, which suggests that the average
citywide increase in LANDSAT albedo between 1995 and the
present (0.016) may be slightly lower when one considers hemi-
spherical effects. This inaccuracy is not encugh to undermine the
general trends that the LANDSAT albedo demonstrates, such as its
correlation to temperature or the fact that it noticeably increased
over the city during the test period. However, it does throw into
question the exact albedo values of the study and the information
that is derived from them.

Another limitation of the older LANDSAT 5 data in this study is
that it is difficult to obtain several atmospheric profiles to carrect for
the effect that the atmosphere has on the thermal radiance reaching
the sensor. More explicitly, the formulas for temperature calculation
in this study do net account for the radiation that is inevitably lost
through the small amounts of humidity and aerosols in a clear-sky
atmosphere and so the actual surface temperature values are
slightly higher than those hsted here. The atmospheric correction
performed in this study accounts only for the atmospheric differ-
ences between image pairs based on the matching of stable surfaces
and does not account for the amount of radiation lost to a clear-sky
atmosphere. Thus, if a complete physics-based atmospheric
correction with on-site balloon sounding data were applied to the
LANDSAT images, it would likely shift all calculated temperature
values up by a few degrees depending on the humidity and aerosols
in the atmosphere [3]. Based on observations of the present day
images of the study, for which there was sulficient sounding data,
temperature values were shifted up by an average of 6 °C although
this varied by one or two degrees depending upon the image.

A third major limitation is that only one emissivity value of
0.954 was used to derive surface temperature values for the entire
city. In order to understand the error that this might generate, an
ASTER emissivity product of Chicago in July 2006 was analyzed,
which revealed a tendency for emissivity to slightly increase as
NDVI increased and decrease as albeda increased. This resulted in
a temperature error of as much as + 1 °C for the highest alhedo and
NDVI pixels respectively (Fig. 6). The regression curves derived
from the ASTER product in Fig. 6 can be used to correct some of the
trends observed in the LANDSAT images, such as those displayed in
Fig. 2, With this correction, the average correlation between NDVI
and temperature in single scenes is slightly more negative
around —-0.71 ({originally —-0.67) and the correlation between
albedo and temperature is slightly less negative around —0.10
(originally —0.15). Applying these same regressions to the NDVI and
albedo change plots of Fig. 3 may generate misleading results
because the changes in NDVI and albedo over the last 15 years are
different than these absolute parameters across the cily. However,
itis at least good to know that this study’s primary conclusions still
hold in the application of these regressions. For example, albedo
increases still have a stronger correlation to temperature decrease
(—0.29) than NDVI1 increases (—0.23 ). Additionally, albedo increases
still have stepper slopes in plots aganst temperature change
(—12.8) than NDVI increases do {-10.2). Furthermore, the “area
cooling index" that was described in Section 3.4 is still greater for
albedo (227.2km*°C) than it is for NDVI {75.5km?*°C).
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[n addition to the limitations of the LANDSAT 5 sensor, there are
also general limitations in using any form of remotely-sensed data
to draw conclusions about the effects of surface changes on
humans. Notably, satellite data tends to over sample typically
uninhabited places such as rooftops, treetops and roads while
under sampling the places people usually occupy such as sidewalks,
the spaces beneath trees and rooms beneath roofs. Consequently,
there is a great deal of uncertainty when attempting to evaluate
how exactly these remotely-sensed temperature changes will affect
the inhabitants of Chicago.

In spite of this ambiguity, this study can provide relatively
reliable conclusions regarding the impact of these methods on
nighttime air temperature. This is because surfaces that retain more
heat during the day will release more heat at night, warming the
inhabited areas around the typically uninhabited rooftops, treetops,
and roads. Arguably, this process is one of many that generate the
clearer citywide heat island observed at night, as the heat held by
particular urban surfaces with high thermal retention capacities
disperses. Thus, the general air temperature of Chicago's neigh-
borhoods at night is correlated to the heat that specific surfaces
retain during the day. The heat stored by these surfaces is often
correlated to their daytime temperature unless one is considering
the effects of water bodies or street canyons, which store a lot of
heat but do not register very high daytime LANDSAT temperatures.
Considering that street canyons and water bedies remained mostly
stable during the test period, changes in LANDSAT temperature
likely resulted from surface property medifications such as albedo
and vegetation cover changes. Consequently, the daytime LANDSAT
surface temperature changes observed in this study are likely
related to similar changes in Chicago's nighttime air temperature
and it is through this lens that the effect of these surface modifi-
cations on humans can be evaluated.

[n light of this, the findings of this study are much more practical
when they are applied to the night-time UHI and its effects. This
may add more meaning to the findings since most heat-related
deaths occur at night [9] and nighttime is arguably the period of
the day when thermal comfort is most needed in order to induce
sleep. A greater emphasis on nighttime effects also means that
inhabitant behavior patterns are more predictable since most citi-
zens will be sleeping in their residences at this time. This under-
scores the efforts that are often closest to these residences such as
reflective roofs, green roofs and sometimes street)yard trees, while
deemphasizing those cfforts that are often further away, such as
grecn $paces.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))

5. Conclusion

Taken together, the results present a compelling argument for
reflective cooling strategies aver the vegetative. The impact of
Chicago's reflective increases in the test period surpassed those of
vegetation in terms of the number of pixels that they cooled, the
clarity of their effect on the whaole city, and the strength of their
correlation to lower temperatures, Aerial image analysis confirmed
that reflective roofs were responsible for a large fraction of albedo
increases in the test period and closer observations showed these
roofs were responsible for some of the greatest cooling trends of all
observed methods.

Accordingly, cities similar to Chicagoe in climate, population and
economic situation that wish to reduce their temperatures should
consider making reflective efforts a critical point of their strategies.
Specifically, reflective roofs have proven themselves effective and
this is likely because they provided the greatest amount of cooling
for the smallest amount of money invested. Vegetation that is
dense enough to provide desired cooling seems to have high
installation and maintenance costs that prevent it from having the
same widespread cooling effects of reflective roofs. Also, the fact
that new vegetation often replaces moist soil, an already cool
surface, means its impact is diminished in relation to reflective
roofs, which are typically installed over dark impermeable surfaces.

In spite of these findings in favor of reflective roofs, this does not
mean that vegetation-based strategies should be disregarded. It is
important to remember that NDVI in single scenes of Chicago
exhibited the highest linear correlation to lower temperature out of
any in this study and this hints at an enormous potential for cooling
if vegetation can be installed to a great enough density. Perhaps
a cooling strategy is not subject to economic concerns would place
a high priority on the planting of vegetation to reach an ideal
minimization of its UHIL This notion of the ideal vegetated city is
also supported by the additional benefits that vegetation brings
over reflective surfaces, such as reduced storm water runoff and
a number of other ecosystem services.

In summary, while a vegetated strategy may he effective over
the span of several decades in cities with plentiful funding for
cooling efforts, Chicago's reflective strategies were much more
effective at cooling the city over the last 15 years and likely denote
a more effective strategy over such a time period for today's
temperature metropolises.
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Journal Paper Reading, Analysis and Interpretations

Instructions: Read the introduction and abstract of the journal article. Then work with your group to take

notes on the part of the journal paper you have been assigned. Then be ready to present and record notes.

1. After you have read the abstract and introduction of this journal paper, in your own words explain
what is the purpose of the journal paper.

2. Now you will take notes on the article section that you have been assigned.

Name of the journal part that | was assigned:

My notes based on the journal paper part | was assigned:

3. What question(s) do you still have about the assigned journal part that you just read?

4. Now you will take notes on the other groups’ presentations about their assigned parts. Record
your annotations and your notes in the space below.

Name of the journal part that another group was assigned:

My notes based on another group’s presentation of their assigned journal paper part:
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Name of the journal part that another group was assigned:

My notes based on another group’s presentation of their assigned journal paper part.

Name of the journal part that another group was assigned:

My notes based on another ic_;roup’s presentation of their assic_;ned journal paper part.

Name of the journal part that another group was assigned:

My notes based on another group’s presentation of their assigned journal paper part.

Meets expectations

Exceeds expectations

g S S &
LELLX

Rubrle ¢ Doesn’t meet expectations Satisfactory
ubric Category 8, o8 & o8 08 &
k4 K A 4 KA A 4
| don’t follow the procedures, | can follow most of the I can follow all the procedures, | can efficiently follow all the
struggle to read and interpret the procedures, read and interpret the successfully read and interpret the procedures, successfully read and
Productivity abstract, introduction and my abstract, introduction and my abstract, introduction and my assigned interpret the abstract, introduction
assigned part and don't take notes assigned part and take notes for all | part and take notes for all journal parts | and my assigned part and take notes
for journal parts in an average way. journal parts in an average way. in a comprehensive way. for all parts in an exceptional way.
| don’t show a clear understanding | show some understanding of the | show a clear understanding of the | show a clear and in-depth
Uneersiamain of the scientific concepts behind scientific concepts behind remote scientific concepts behind remote understanding of the scientific
9 remote sensing and the Urban sensing and the Urban Heat Island. sensing and the Urban Heat Island on concepts behind remote sensing and
Heat Island on cities. cities. the Urban Heat Island on cities.
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10. Supporting Documents:
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Lesson Presentation Slides:

ENGAGE:

Predicting Cutside Land Surface Temperatures

Instructions for activity:

1. You will reflect on the following questions:
¢ \What do you think will be the land surface
temperature (LST) outside of our school?
» \What about surrounding areas?
» Do you think that they will have different LST's?

2. You will explain your ideas (2 minutes) and share with each other {1 minute).

NASA Lesson 4 ¢

Predicting Outside Land Surface Temperatures

Questions: L
e What factors influence land surface temperature changes? ’
» How much can land surface temperature vary during the day?

* Which materials could contribute to warmer temperatures?

e Does air temperature also connect with land surface temperatures?

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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EXPLORE:

Recording Land Surface Temperatures 5§ GLOBE

Instructions for activity:

1. You will explaore the land surface
temperatures (LST's) outside of school.

Compare your results with other young scientists (students).
You will collect LST's by using Infrared thermometers.

You will follow the instructions how to use a thermometer.

o s woN

ool: vegetation,

NASA Lesson 4: Explore

Recording Lond Surface Temperdatures & GLOBE ‘ k)

Instructions for use a thermometer:

+ Hold the infrared thermometer in your hands.
Loock for a Celsius/Fahrenheit (C%/F°) Button, -

o Flip the switch to the desired unit of measurement. Use °F, if students in your location
are more used to these.

e Turn the temperature laser gun on with the power button.

® Aim the laser on the temperature gun to the place whare you want lo measure a
temperalure.

e Stand as closely as possible to the object for the most accurate temperature.

* Pull the trigger to view the temperature reading on the digital display on the infrared

|
i
g
{

fijiet |

i
i

LA

NASA [osson 4

-xplore
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Land Surface Temperature GLOBE Data Entry

Instructions for activity:

1

NASA |Lesson 4: Explain

In the classroom, you will connect your data
that you have collected as well as the collections
from the NASA GLOBE database.

You will use a laptop and you will access if your data if it connects to the
observations from other young scientists like you.

Go to website: https://’mww.globe.govi/globe-data/data-entry/data-entry-a

You can view the data aiready sent on this website: https://vis.qlobe.gov/GLOBE/

LN

Land Surface Temperature GLOBE Data Entry

R SR LT Y P r——————

¢ NASA | esson 4: Explain

Reflection and Analysie of GLOBE Data Entry

Instructions for activity:

1.

2.

You will reflect on your results and
the differences between your recordings.

Follow directions of worksheet called *Outside of School
LST Local Recording Analysis”

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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Worksheet:
EVALUATE:
Instructions for activity:
1. You will explore how scientists contribute
and communicate their research projects
through a journal paper.
2. You will read the journal “Remotely Sensing the Cooling Effects of City Scale
Efforts to Reduce Urban Heat Island" and make annotations in your group to
keep track of their notes.
3. You will focus on an assigned part of the paper and present your part to your
classmates (5-minute).
NASA | esson 4: Evoluate
Mo
Remotely Sensing Cooling Effects on Urban Heat lsland Scientific Journal Arficle
Journal Paper: — N
I NASA | esson 4: Evalucte
3 00
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Remotely Sensing Cooling Effects on Urban Heat lsland Scisntific Journal Article

NASA Lesson 4: Evaluate

A Murds

Differentiated instruction activities

This lesson includes instructional activities that promote differentiation in the following ways:

e Students learn new content in multiple ways including orally (through groups and class
discussions), visually (through the use of videos and images), data analysis (through
infographics and graphs) and reflection.

e Students use graphic organizers that help them process and organize their understanding
of the new content.

e Lessons include graphic organizers with sentence starters that benefit English Language
Learners and Special Education students to organize their ideas in better ways.

o Every lesson is adaptable to the personal learning plans of students.

11. Conclusion and linkage to next lesson:

This has been the fourth lesson of this climate unit plan which had a focus on land surface
temperatures and its variations. During this fourth lesson, students had the opportunity to
predict what was the land surface temperature outside of school, discuss what factors influence
land surface temperature changes, explore the land surface temperatures outside of school,
and use an infrared thermometer to record land surface temperatures. In addition, students
collect temperature data and upload it to the GLOBE platform comparing their land surface
temperature results with other young scientists. Furthermore, students analyze for any
correlations between the land surface temperatures and the locations where they tested
temperatures, describe the process of recording temperatures locally outside of school (give
steps) and explain how this relates to how scientists do this in the field, review a scientific
journal paper that focuses on the land surface temperatures and Urban Heat Island effects. The
completion of all worksheets, tasks and activities with a high rubric grade demonstrates
assessment quantification of student’s learning. In the next lesson, students will focus on a
capstone project that will serve as a culminating task where students will demonstrate their
understandings and knowledge from this unit plan.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
Matthew Pearce | Education Program Specialist | GSFC Office of STEM Engagement

156



National Aeronautics and Space Administration

Goddard Institute for Space Studies
New York, N.Y.

NASA Climate Change Research Initiative
Applied Research STEM Curriculum Portfolio

CCRI Unit Plan Template

NASA Science Mission Directorate | Earth Sciences Division
NASA Goddard Institute for Space Studies
NASA Goddard Space Flight Center | Office of STEM Engagement

Unit Title: Land Surface Temperature in Urban Settings and the Heat Island Effect
Capstone Project Title: Urban Heat Island Physical City Model
NASA STEM Educator / Associate Researcher: Alejandro A. Mundo

NASA Pl / Mentor: Dr. Christian Braneon

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI)) 157
Matthew Pearce | Education Program Specialist | GSFC Office of STEM Engagement



National Aeronautics and Space Administration

Goddard Institute for Space Studies
New York, N.Y.

l. Capstone Project: Urban Heat Island Physical City Model
Table of Contents for lesson

Section Page
Summary & Goals 158
Lesson Model 159
Content Template 161
Supporting Documents 167
Conclusion 180

2. Summary and Goals of Lesson Summary and Goals of Lesson

This capstone project is titled “Urban Heat Island Physical City Model” and it serves
as the culminating task of this climate unit which incorporates the 5E model
template. It focuses on having students create a physical model of a city where they
incorporate their knowledge of the Urban Heat Island, land surface temperature data
and mitigation strategies.

The goals for this lesson include students to be able to:

e Read about the type of roofs used for mitigation aspects in urban settings.

e Determine the ways in which green roofs benefit cities more than white
roofs.

e Create a physical model of a city that is based on knowledge and
understanding of the Urban Heat Island effects and remote sensing.

e Write a paper of the physical city model to explain city development and
mitigation factors.

e Use research tools like EarthExplorer and Google Earth Engine App to
gather data about the chosen city.

e Create a science poster about their group’s capstone project.

e Present their science poster in a classroom symposium and participate in
the science classroom community poster session.

The goals for this lesson will be met throughout the activities and assignments for
each part of the lesson plan.

3. CCRI Lesson Plan Content Template

*Scroll down to see element
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NGSS Standards & NYS Standards: Common Core Standard: NASA Science:
HS-ESS3-1 Construct an explanation based on evidence for how the availability of ELA-LITERACY.RL.11-12.1: —Earth Science
natural resources, occurrence of natural hazards, and changes in « Cite strong and thorough textual evidence to support analysis of what
climate have influenced human activity. the text says explicitly as well as inferences drawn from the text,

including determining where the text leaves matters uncertain.

HS-PS4-6 Different patterns may be observed at each of the scales at which a system is
studied and can provide evidence for causality in explanations of phenomena. CCSS.ELA-LITERACY.RST.11-12.9

° Synthesize information from a range of sources (e.g., texts,

New York State Earth Science Standards (NYSES): experiments, simulations) into a coherent understanding of a process,
2.1a Earth systems have internal and external sources of energy, which create heat. phenomenon, or concept, resolving conflicting information when
ossible.
2.2c Alocation’s climate is influenced by latitude, proximity to large bodies of water, ocean P
currents, prevailing winds, vegetative cover, elevation, and mountain ranges. CCSS.ELA-LITERACY.RST.11-12.4
e  Determine the meaning of symbols, key terms, and other domain-
Phenomenon: Flow of Energy and Matter specific words and phrases as they are used in a specific scientific or

technical context relevant to grades 11-12 texts and topics.
Crosscutting concepts:

e  Systems and System Models MATH.CONTENT.HSN.Q.A.3
e  Stability & Change e  Choose a level of accuracy appropriate to limitations on measurement
e  Patterns when reporting quantities.

Cause and Effect

Content Area and Grade Level Name of Project-Based Activity or Theme: Estimated Time Frame to Complete:

Content Area: Earth Science
Grade Level: 11 & 12 grades

Students will create a physical model of an Urban Heat Island, connect it to a city of their
choice, and create mitigation strategies

This is the first lesson of 5 parts of this unit plan. It is estimated
to take 5 days, if taught on periods of about 55 minutes a day.

Overall Investigation Question(s): How can we use a climate simulation graph, images of change and other evidence to analyze, explain and present how climate has changed over time?

Overall Project Description/Activity: Identify how climate has been altered before and after an event in different parts of the world by observing and analyzing different satellite images.

Materials Needed to Complete Project  Stakeholders: Hyperlinks Used: Multimedia/Technology: Classroom Equipment:

Markers —Students GLOBE Visualization System: Laptops with internet Laptops
. Blank poster paper —Educator Link: https://climate.nasa.gov/interactives/climate-time-machine/ connection . Printer

e  Provided worksheets —Administrator Earth Now e  Laptops with PowerPoint e  Smartboard
Link: https:/climate.nasa.gov/interactives/climate-time-machine/ *  Smartboard

Earth Explorer
Link: https://climate.nasa.gov/evidence/

Google Earth Engine App
Link: https://climate.nasa.gov/images-of-change
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System Engineering Behaviors

Uses visuals to communicate complex
interaction

National Aeronautics and Space Administration
Goddard Institute for Space Studies

Category

Communications

Activities

Students will identify how climate has been altered before and after
an event in different parts of the world by observing and analyzing
different satellite images.

Student Outcomes

Work cooperatively with team
members to discuss satellite images
over time.

Evaluation

Climate change
evidence

Communicates effectively through
personal interaction

Communications

Students will work together in groups in order to define and discuss
what is climate change.

Complete the definition of climate and
climate change successfully with group
members

Climate change

Builds T Cohesi Leadership Students will work in harmony and assign tasks and responsibilities Present about the image of change cii
ulias Team L.onesion among peer in order to work for a common goal. and work on a climate definition. imate
) ] Leadership Students value each of their members in the group for their Provide feedback on their classmates’
Appreciates/Recognizes Others contribution and support their ideas. posters that supports the community.
Attitudes & Students will interpret satellite images in order to see how they have Discuss different views and opinions
Has a comprehensive view Attributes changed over time and explain their views according to the before about the satellite images and their Climate
and after factors. importance.
Seeks information and uses the art of Attitudes & Students will use different types of resources (evidence) in order to Use the provided resources to explain Climate change
L Attributes analyze climate change evidence and explain why it's meaningful. how climate has been affected by ) 9
questioning evidence
humans and other factors.
Validates facts, information and Systems Students will find climate change evidence and explain its significance Validate the evidence and put it Climate change
assumptions Thinking together in order to explain it. evidence
Keeps the focus on mission Systems Students will work on the assigned work and task in order to Pay attention and follow procedures to
requirements Thinking complete it by the given time. complete the task.
. Technical Teacher will give feedback to students based on their performance in the Reflects and uses feedback to do better.
Learns from success and failures Acumen activities and students will use and reflect on that feedback.

List and attach all PowerPoint
presentations and supportive

documents for instructional activities

List and attach all rubrics for activity
and assessment evaluation

Attachments?

Attachments?

List Attached Documents:

Know and Wonder About Climate Change Worksheet
Time Machine Climate Simulation Worksheet
Scientific Explanation on Climate Change Worksheet
Images of Change Worksheet

List Attached Rubrics:

Know and Wonder About Climate Change Worksheet Rubric

Time Machine Climate Simulation Worksheet Rubric

Scientific Explanation on Climate Change Worksheet Rubric

Images of Change Worksheet Rubric
Images of Change Poster Rubric For Students

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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4. Mission Alignment
This lesson is part of this climate unit plan and aligns with NASA’s Landsat satellite
mission, whose groundbreaking series of repetitive imaging of Earth’s land at a spatial
resolution show human interaction with the environment.

5. Time to implement lesson
This is the last lesson of 5 parts of this unit plan. It is estimated to take approximately
two weeks, if taught on periods of about 55 minutes a day, although it depends on how
much students are used to doing research in the classroom.

6. Materials required.
—Computers —Worksheets and supporting documents which are provided at
the end the lesson template.
—Poster Printer —Office supplies

7. 5 E lesson model template:
What the Teacher does What the Students do Time

ENGAGE
White vs. Greens Activity

e Tell students that they will now learn about e Listen to the introduction
the use of white vs. green roofs in city of the activity.
buildings, like New York.

¢ Remind students that when it comes to roofs
in city buildings, there is a better option to
help cities lower the surface temperatures
and Urban Heat Island.

¢ Read and annotate the

e Give the article “Whites Versus Greens” to article.
students. The teacher may choose to have
students read on their own, in groups or as a
class. Then facilitate a conversation that
reflects on the following questions:

45 mins

e Engage in group/class

o Determine the ways in which green discussion where
roofs benefit cities more than white everyone gets to express
roofs. their opinions based on
o Generate a new title for the article and what they have learned
explain your new title. about green roofs.

o What is your opinion of green roofs?
Would you be interested in building
one?
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o How successful would it be if the
government had guidelines and
regulations for buildings?

Teacher may add further questions that relate
to the article and promote critical thinking.

EXPLORE

Urban Heat Island City Physical Model

Tell students that they will now have the
opportunity to explore ways to create a
physical model of a real city at a smaller
scale. The idea is for this to be an individual
project, as it will demonstrate the skills and
understanding of students in regards to
climate and the Urban Heat Island effect.

Allow students to join in groups of 3 (or
desired number) for this research group. Give

Listen to the introduction
of the activity.

Work on the capstone
physical model of their
urban city by using
supplies and involving the
Urban Heat Island

instructions to the students for the capstone mitigation sirategies, like 150 mins
project: green spaces, green
roofs, etc.
¢ You have to create a physical model of a
major city on Earth, which reflects your : :
knciwledé]/e and understanding of tg’e Urban ¢ Workon the'.r physical
Heat Island Effect and remote sensing. Your quel_ following all the
model should have the following aspects: guidelines.
o Should have buildings
o Should reflect the use of Urban Heat
Island mitigation strategies, like green
spaces, green roofs, etc.
o Be 3-dimmensional
o Should represent a real city
environment, that includes buildings,
houses, parks, etc.
o You can use office supplies like
cardboard, construction paper, color
paper, colors, scissors, glue, markers,
etc.
o This model should be your own work
and all materials put in the model
should be built by you.
o Once your physical model is finished,
you have to take a picture from the
top of the model, which represents the * Follow squty proc_:ed_ures
remote sensing method. This picture Whe'? building their city
should indicate the areas of heat trap, physical model.
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where red represents heat and blue
represents vegetation. Include a
before version (where heat would be
trapped) and the after version (where
heat is not trapped anymore)

o Remind students about safety. As you
build your model, you might use
supplies that can be sharp, like
scissors or paper. Be careful as you
are building your physical model so
that you don’t hurt yourself. If you
need assistance, ask an adult for
assistance. .

o Remind students that this is a group
project and it's very important to work
together as a community of young
scientists.

Students work together
with their groups to
construct their physical
city model.

EXPLAIN

Urban Heat Island City Model Paper Report
e Tell students that they will now get to share
more about their physical models by writing a N
complete paper of what they represent. In
their explanation, students will be asked to
explain the following:

o What is the regional location of the city?

o What is the population of your city?

o How has the population changed over
time?

o Describe the internal migration within
the city.

o What is the industry and production
within the city based on?

o What is the climate of the city?

o What is the temperature variation during
the year?

o How are the Urban Heat Island effects
visible in this city? Provide examples.

o What type of partnerships and
agreements are there within the
government and private sectors of your
city?

o What type of mitigations have been
implemented recently in your city?

o How have the mitigation factors affected
the city development over time?

Listen to the introduction
of the activity.

Construct a physical
model of a city that
resembles the Urban Heat
Island effect.

120 mins
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o Students are expected to use the
research tools we have used in the
last two lessons in order to gather
data from different locations such as:

= EarthExplorer
= Google Earth Engine

¢ Remind students that they should follow the
guidelines for the paper and answer all these
guestions in a narrative version.

EXTEND

Urban Heat Island Model Poster
e Tell students that they will now extend their
capstone project paper by creating a digital
science poster, where they will include the
aspects of their city model

Tell students that the guidelines for their poster
include:

o Atitle

e Author names and affiliations (their group
roles in the project)

An introduction

Methods (use of research tools)

Results

Conclusions

Acknowledgements sections

¢ A sample of a research poster is included in
the additional documents.

e The digital poster can be created with the
program Microsoft Office Power Point. When
completed, allow these posters to be printed
on a poster printer.

e Remind students that every member of the
group should be involved in the development
of the poster.

Listen to the introduction
of the activity.

Create a poster from their
capstone project by
following the guidelines
provided.

Work together with their
groups, where the work is
divided and every
member works on a
different part of the
research poster.

5 hours

EVALUATE

Urban Heat Island City Model Symposium
e Tell students that they will now work on
evaluating their peers’ posters by having a
small classroom science symposium.

NASA Goddard Institute for Space Studies | Climate Change Research Initiative (CCRI))
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[ ]

¢ Plan this science classroom poster session
so that groups can share with their
classmates about their capstone projects as
Urban Heat Island physical city models and
their research.

¢ In order for everyone to be involved, it's
recommended that half of the classroom
groups present with their posters around the
classroom while the other students become
their audience, then they will switch so that
whoever was presenting, now is the
audience.

e Encourage students to ask questions to their o
class groups about projects. As students are
presenting their posters, circulate around the
room and facilitate questions with the groups.

¢ It's recommended that you invite other
teachers, staff and/or parents to this session,
as it will present students’ capstone projects.

e Tell students that scientists also involve in
presenting their research through posters and
it's a good way for them to know about new
research that others are doing in science.

e This capstone project serves as a conclusion
of this climate unit with a focus on the Urban
Heat Island Effect and land surface
temperatures in urban settings.

Listen to the introduction
of the activity.

Present their capstone
projects in the classroom
as a symposium activity,
where their classmates
provide feedback and ask
guestions as well.

90 m

8. Next Generation of Science Standards (NGSS):

HS-ESS2-4 Use a model to describe how variations in the flow of energy into and out of
Earth’s systems result in changes in climate.
HS-ESS2-2. Analyze geoscience data to make the claim that one change to Earth’s surface
can create feedbacks that cause changes to other Earth systems.

DCI ESS2.A Earth Materials and Systems
ESS2.D: Weather and Climate

CcC Energy and matter: Energy drives the cycling of matter within and between

systems. (HS-ESS2-3)

Stability and Change
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New York State Earth Science Standards (NYSES):
NYSES 2.1a Earth systems have internal and external sources of energy, both of which create heat.

NYSES 2.2c A location’s climate is influenced by latitude, proximity to large bodies of water, ocean
currents, prevailing winds, vegetative cover, elevation, and mountain ranges.

Common Core Standards:

MATH.CONTENT.HSN.Q.A.3
Choose a level of accuracy appropriate to limitations on measurement
when reporting quantities.

ELA-LITERACY.W.9-10.9
Draw evidence from literary or informational texts to support analysis,
reflection, and research.

1. NASA System Engineering Behavior Model utilized in lesson

o Leadership
o Builds Team Cohesion
o Appreciates/Recognizes Others

o Communication
o Listens Effectively and Translates Information
o Communicates Effectively Through Personal Interaction

o Problem Solving & Systems Thinking
o Assimilates, Analyzes, and Synthesizes Data
o Validates Facts, Information and Assumptions
o Has the Ability to Find Connections and Patterns Across the System

2. Supporting Documents:

*Scroll down to see component
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Name: Period: Date:

White vs. Greens Article

You will now read the following text to learn more about white and green roofs, its benefits and its effects on
urban environments. As you read, make sure to annotate the text by using the following symbols:

* = important | __ = keyword | ? =1don’t understand | © = unfamiliar word | ! = I’'m surprised | « = made a connection

Anyone who has ever planned to spend hours outside on a hot, sunny day has probably heard the advice to
wear light colors. Pale colors reflect much of the Sun’s light, keeping their wearers cool. The same is true for
buildings. Gaffin and his colleagues presented the results of their 2002 New York City heat wave study at a
science meeting in January 2006, and at that time, he considered white roofs the winning strategy. By April
2006, however, he had changed his mind.

The study in New York confirmed that white roofs—generally made with the use of a thin, light coating—
absorb much less of the Sun’s energy than asphalt roofs, and they are fairly inexpensive and easy to install.
But even though white surfaces may be cooler than dark surfaces, they still trap heat. “Just go around your
neighborhood. | think you’ll find that lighter urban surfaces are still pretty hot in the summer, compared to
plants,” Gaffin says. What’s worse, “in urban settings, white roofs get dirty quickly,” reducing their ability to
reflect sunlight. Even when they're kept clean, white roofs cause problems, he explains. In reflecting the
sunlight, they may just bounce much of it off nearby buildings, heating up the immediate area. “You haven't
really gotten the light out of the city,” he says. And in the wintertime, light roofs may cool buildings
unnecessarily, increasing heating demands.

Light-colored roofs held another drawback for Gaffin. As he researched mitigation options for the Urban Heat
Island, he became aware of another issue that causes some cities as much hardship: stormwater runoff.
“The purpose of asphalt is to create an impervious surface,” he explains, to keep out water. Unfortunately,
the water that can’t be absorbed by roofs and roads has to go somewhere else.

To deal with runoff from heavy rains, cities have storm sewers, but many cities use the same systems to
handle both the overflow from rainstorms and the water flushed out of toilets. Heavy rains can overwhelm
these systems (called combined sewer overflows), pushing raw sewage into waterways. “It's the major
source of pathogens in the New York Harbor. It's a major problem in Europe. This is one of the impediments
to ever reclaiming the recreational and other values of our
urban water systems,” he says. He has coined a term for
this problem, as a parallel to the Urban Heat Island. He
calls it “the urban runoff island.” Light-colored roofs might
absorb less of the Sun’s energy than dark roofs, he says,
but they do nothing to mitigate runoff.

“'m no fan of white roofs anymore,” Gaffin concludes. “I
started this line of research thinking they should be
promoted. I finished this research thinking they are a
secondary option.”

Figure 1: Green roof can range in complexity from a shallow
layer of soil and plants to gardens with trees and shrubs.
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Gaffin would rather promote a solution that addresses both urban
heat and urban runoff. If cities don’t have much room for lots of
additional trees, and if light-colored roofs only partially reduce
urban heat and in no way reduce runoff, just one option remains:
vegetation-covered roofs.

While Gaffin and his colleagues undertook the 2002 New York
City study, experiments were already underway at Pennsylvania
State University to assess the cooling capabilities of roofs
covered with vegetation. In 2003, Gaffin worked with Penn State
researchers to compare the temperatures of roofs planted with
Sedum spurium to standard dark roofs.

W ) . Figure 2: Sedum spurium is a drought-adapted plant
Sedum IS a desert-adaptEd plant Wlth Sha”OW I'OOt SyStemS The often used for low-maintenance green roofs.

plants can tolerate long periods of drought. They’re lush green,
beautiful to look at, quite pleasant to touch,” he says. In the arid American Southwest, this cactus-family
succulent is a popular landscaping choice for those looking to minimize water use in lawns.

During their rooftop garden project, Gaffin and the Penn State team found that the peak temperatures on the
roofs planted with Sedum were 30 degrees Celsius (54 degrees Fahrenheit) lower than the temperatures on
standard roofs. They also found that the low-maintenance Sedum plants thrived without any supplemental

watering.
~ 80 standard rock
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Figure 3: In a 2003 study, Gaffin and his collaborators measured the temperatures on both green and dark roofs. Both kinds of roofs warmed
during the day and cooled overnight. While dark roofs cooled slightly more overnight, however, they warmed up much more during the day than
their green counterparts

Despite Gaffin’s confidence in green roofs, he knows their implementation could be complicated. “A lot of
people think green roofs are going to cause problems, that they’re going to leak or fall apart,” he says, “but
it's just the opposite. They actually leak less. There are [green] roofs in Europe that last 30, 40, 50 years, or
more.” Longevity, however, comes at a price. “We spend a lot of time on the economics of green roofs.
They’re expensive, and we're trying to see how to bring the costs down. Part of the problem is that we don’t
have a mature industry here in the United States. It’s still a somewhat specialized construction procedure.”

Vegetation-covered roofs typically include the following layers: a waterproof membrane at the bottom, a layer
of drainage materials, a root-repellant and filter layer, a lightweight soil-like growing medium, and finally the
plants. Compared to standard roofs, green roofs do have more mass, but thin systems of only 3 to 4 inches
(7.5 to 10 centimeters) are sufficient. When they are saturated with rainwater, they may create a load of
1,197 pascals (about 25 pounds per square foot), which is often feasible for many city buildings. By
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evaporating moisture, the plants release heat without raising local
temperatures. Likewise, the plants and soil soak up rainfall like a
sponge instead of letting it roll right off the surface.

If green roofs do provide a sound solution to urban heat and runoff
islands, they may need to be implemented differently in different
places. The experiments in Pennsylvania showed that Sedum could
thrive without irrigation, but Pennsylvania is more humid and rainy
than other parts of the world. Places like sub-Saharan Africa and
northwestern China are vulnerable to severe, prolonged droughts.
Even gardeners in the American Southwest run into difficulties.

So in the driest climates, the ideal green roof might require an
irrigation system, and overcoming the expense of implementing
green roofs may slow their adoption. But as temperatures rise, the
green roofs’ potential to cool cities remains attractive.

Recent heat wave tolls show the gravity of warming temperatures. The Chicago heat wave of 1995 claimed
more than 700 lives. The record-warm European summer of 2003 claimed between 22,000 and 45,000 lives.
“Can we air condition our way out of these heat waves? Not always,” Gaffin says. “So how can we cool
these cities down? There aren’t many strategies we can choose. But green roofing looks like a great way to
alleviate these problems.”

Analysis Question
1. Are green roofs more efficient than black roofs? Describe its pros and cons on both types. Then
explain your reasoning and provide evidence from the research cited in this article.

*Use the back of this paper for additional space, if needed.

Doesn’t meet expectations

. Satisfactory Meets expectations
Rubric Category %

Exceeds expectations
LELLX

g & e G4 &
g 4 I 4

Productivity

| don't follow the procedures,
struggle to annotate all parts of the
reading and don’t respond to all
questions in an average way.

| can follow most of the
procedures, annotate all parts of
the reading and respond to all
questions in an average way.

| can follow all the procedures,
successfully annotate all parts of the
reading and respond to all questions
in a comprehensive way.

| can efficiently follow all the
procedures, successfully annotate all
parts of the reading and respond to
all questions in an exceptional way.

Understanding

| don’t show a clear understanding
of the scientific concepts behind

energy, green roofs and the effects
of Urban Heat Island on cities.

| show some understanding of the

scientific concepts behind energy,
green roofs and the effects of
Urban Heat Island on cities.

| show a clear understanding of the
scientific concepts behind energy,
green roofs and the effects of Urban
Heat Island on cities.

| show a clear and in-depth
understanding of the scientific
concepts behind energy, green roofs
and the effects of Urban Heat Island
on cities.
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Period: Date:
White vs. Green Roofs Article

Name:

You will now read the following text to learn more about white and green roofs, its benefits and its effects on
urban'environments. As you read, make sure to annotate the text by using the following symbeols:
7 important | L = Keyword | 2 = | don't understand | © = unfamiliar word | ! = I'm surprised | = = made a connection

Anyone who has ever planned to spend hours outside on a hot, sunny day has probably heard the advice to

wear light colors. Pale colors reflect much of the Sun's light. keeping their wearers cool. The same is true for

buildings. Gaffin and his colleagues presented the results of their 2002 New York City heat wave study at a
science meeting in January 2006, and at that time, he considered c'ghite roofs the winning strategy. By April

2006, however, he had changed his mind.

The study in New York confirmed that white roofs—generally made with the use of a thin, light coating— ?
absorb much less of the Sun's energy than asphalt roofs, and they are fairly inexpensive and easy to install.
But even though white surfaces may be cooler than dark surfaces, they still trap heat. “Just go around your
neighborhood. | think you'll find that lighter urban surfaces are still pretty hot in the summer, compared to
plants,” Gaffin says. What's worse, “in urban settings, white roofs get dirty quickly,” reducing their ability to
reflect sunlight. Even when they're kept clean, white roofs cause problemsf( he explains. In reflecting the
sunlight, they may just bounce much of it off nearby buildings, heating up the immediate area. “You haven't
really gotten the light out of the city,” he says. And in the wintertime, light roofs may cool buildings
unnecessarily, increasing heating demands. ¥«

Light-colored roofs held another drawback for Gaffin. As he researched mitigation options for the urban heat
island, he became aware of another issue that causes some cities as much hardship: stormwater runoff.
“The purpose of asphalt is to create an impervious surface,” he explains, to keep out water. Unfortunately,
the water that can’t be absorbed by roofs and roads has to go somewhere else. ©¢)

To deal with runoff from heavy rains, cities have storm sewers, but many cities use the same systems to
handle both the overflow from rainstorms and the water flushed out of toilets?Heavy rains can overwhelm
these systems (called combined sewer overflows), pushing raw sewage into waterways. “It's the major
source of pathogens in the New York Harbor.'lt's a major problem in Europe. This is one of the impediments
to ever reclaiming the recreational and other values of our
urban water systems," he says. He has coined a term for
this problem, as a parallel to the urban heat island. He calls
it “the urban runoff island.” Light-colored roofs might absorb
less of the Sun's energy than dark roofs, he says, but they
do nothing to mitigate runoff. 2

“I'm no fan of white roofs anymore," Gaffin concludes. “|
started this line of research thinking they should be
promoted. | finished this research thinking they are a

secondary option."
Figure I* Green roof can range in complexity from a shatlow
layer of soil and plamis to gardens with trees and shrubs.
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Gaffin would rather promote a solution that addresses both urban heat and urban runoff. If cities don't have
much room for lots of additional trees, and if light-colored roofs
only partiaily reduce urban heat and in no way reduce runoff, just
one option remains: vegetation-covered roofs. A<

While Gaffin and his colleagues undertook the 2002 New York
City study, experiments were already underway at Pennsylvania
State University to assess the cooling capabilities of roofs
covered with vegetation. In 2003, Gaffin worked with Penn State
researchers to compare the temperatures of roofs planted with
Sedum spurium to standard dark roofs.

Figure 2: Sedum spuriwm is a drought-adapied plant
s a desert-adapted plant with shallow root SyStems. The  ujion wsed for fow maintenance green n“:,",‘{’” exis
plants can tolerate long periods of drought!They're lush green,

beautiful to look at, quite pleasant to touch," he says. In the arid American Southwest, this cactus-family
succulent is a popular landscaping choice for those looking to minimize water use in lawns.

During their rooftop garden project, Gaffin and the Penn State team found that the p@Sk temperatures on the
roofs planted with Sedum were 30 degrees Celsius (54 degrees Fahrenheit) lower than the temperatures on
standard roofs. They also found that the low-maintenance Sedum plants thrived without any supplemental
watering.‘l

standoard ool
|

Temperature {"C)

Juty 1 July & a1 July 16 July 21
Date (in 2003)
Figure 3: In a 2003 study, Gaffin and his collabaratars measured the wemperatures on both green and dark roofs, Both kinds of roofs warmed

during the day and cooled overnight. While dark roofs cooled silghtly more overnight, however, they warmed up much more dwring the day than
their green counterparts

Despite Gaffin's confidence in green roofs, he knows their implementation could be complicated. “A lot of
people think green roofs are going to cause problems, that they're going to leak or fall apart?he says, "but
it's just the opposite. They actually leak less. There are [green] roofs in Europe that last 30, 40, 50 years, or
more.” Longevity, however, comes at a price. "We spend a lot of time on the economics of green roofs.

They're expensive, and we're trying to see how to bring the costs down. Part of the problem is that we don’t
Ve a mature industry here in the United States. It's still a somewhat specialized construction procedure.”

Vegetation-covered roofs typically include the following layers: a waterproof membrane at the bottom, a layer
of drainage materials, a root-repellant and filter layer, a lightweight soil-like growing medium, and finally the
plants. Compared to standard roofs, gregn roofs do have more mass, but thin systems of only 3 to 4 inches
(7.5 to 10 centimeters) are sufficient. n they are saturated with rainwater, they may create a load of

1,197 pascals (about 25 pounds per square foot), which is often feasible for many city buildings. By
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evaporating moi_sture, the plants release heat without raisin
tempera.tures. Likewise, the plants and soil soak up rainfall
sponge instead of letting it roll right off the surface. o

g local |
like a -;K

If green roofs do provide a sound solution to urban heat and runoff
islands, the need to be implemented differently in different
places. The experiments in Pennsylvania showed that Sedum could
thrive without irrigation, but Pennsylvania is more humid and rainy
than other parts of the world. Places like sub-Saharan Africa and
northwestern China are vulnerable to severe, prolonged droughts.
Even gardeners in the American Southwest run into difficulties.

4 So in the driest climates, the ideal green roof might require an
irrigation system, and overcoming the expense of implementing

green roofs may slow their adoption. But as temperatures rise, the
green roofs’ potential to cool cities remains attractive. &

Recent heat wave tolls show the gravity of warming temperatures. The Chicago heat wave of 1995 claimed
more than 700 Iivesz he record-warm European summer of 2003 claimed between 22,000 and 45,000 lives/
“Can we air condition our way out of these heat waves? Not always,” Gaffin says. “So how can we cool
these cities down? There aren’t many strategies we can choose. But green roofing looks like a great way to
alleviate these problems."S
Analysis Question
1. Are green roofs more efficient than black roofs? Describe its pros and cons on both types. Then
explain your reasoning and provide evidence from the research cited in this article. 1S
Ues, the green yoofs are move effictent than black roofs becavse
‘t{qcﬁ hefp tcmpero."f‘urgs clrop-

Pros cons
Black yooEs Green roofs Black, roofs Green 0oFs
—W _ Llower vrban _Pbsorhs Ml _cauld be
quérr?\%r;f hc;\;,)‘i: OF Svunls enegy Com phaJéc
—Hboecbs less —theytre
Fon's enecqy Goung 'IB_ lec
— Fall apasT

_ Expens\ve

We can vse green rooFs 1o lewer the Uchan heal e\‘\_—tt‘r‘e C::_;‘_;S
and lecll For move 6’(‘@'1‘63\63 to cover the rooFshw‘ ‘:.
that absech the heal but hot needed to _’;Z’C b":) c?f?;:s o
Ttsvery important fo loser thetemperaTures in / de_ g e
places wrth drooghts becaovse a KT of pecple die every Y
due To an increase of temperatores, lock oF vegetafien n

cties and poor orban P\th\'hg.
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Class Discussion Prompts after Reading of White vs. Green Roofs Article

o Determine the ways in which green roofs benefit cities more than white roofs.

o Generate a new title for the article and explain your new title and why you would name it
like that.

e What is your opinion of green roofs? Would you be interested in building one? Why?

e How successful would it be if the government had guidelines and regulations for buildings
and houses in regards to the Urban Heat Island effect?

¢ If you had the opportunity to create a school movement so that our school had a green
roof, how would it look like? What factors would you consider when putting a plan for
creating a green roof?
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Sample capstone project physical model:
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Capstone Project Presentation and Paper Rubric

Doesn’t meet expectations

B
*

Satisfactory

g &
g 4

Meets expectations
KA A 4

Exceeds expectations

g S S &
LELLX

Presentation
and paper

The grammar,
mechanics, and
spelling mistakes are
so prevalent it is nearly
impossible to
understand the paper.
(O points) There is no
cover page
whatsoever. (0 points)
The paper is missing 3
or more sections (1-2
points)

The grammar,
mechanics, and
spelling issues make
the report hard to read.
(1 point) The cover is
unattractive and very
basic (1 points) The
paper is missing 2
sections. (3 points)

The grammar,
mechanics, and spelling
are adequate, and only

1-2 errors exist (2 points)
The cover somewhat
attractive and grabs the
readers’ attention.
Missing some aspect. (1
points) The paper is
missing 1 section. (4
points)

The grammar,
mechanics, and spelling
are essentially perfect,
and need no
corrections. (3 points)
The cover is attractive
and grabs the readers’
attention (2 points) The
paper contains all
necessary sections. (5
points)

Purpose

The student poses no
guestion whatsoever,
or has a free flowing,
but unfocused
introduction. (3-4
points)

The student asks a
question which is
either untestable, or
not ultimately what
they test. (5-6 points)

The student asks a
rather basic testable
question. Their question
matches what is actually
tested. (8 points)

The student asks a
relevant, testable
question, which
matches up to what is
actually tested. (10
points)

Background
Research

Background research
makes little to no
sense, and maybe
missing formatting. (4-
5 points)

Background research
is mostly coherent, but
has no formatting
(6-7 points)

Background research is
mostly coherent, but has
no formatting
(8-9 points)

Background research is
coherent, properly
formatted (using #'s)
and adds to
presentation. (10
points)

Data
collection

Data is not reported,
does not make sense,
or is unclear. (3 points)

Some sections are
missing. Very limited
information is given,

hard to understand
how the data proves
anything, no mention
of source of error. (5-9
points)

Data was only
collected one time. It
was summarized in a
clear way. (4 points)

Some sections are
missing. Results
section has visual, but
discussion section is
missing any mention of
source of error. (10-12
points)

Data was collected
several times. It was
summarized in an
unclear way. (4 points)
Some sections are
present. Results section
is missing any type of
visual; discussion
mentions potential
source of error. (13-14
points)

Data was collected
several times. It was
summarized in a clear
way. (5 points) All
sections are present.
Results has data,
graphs, pictures or
some type of visual,
and discussion
mentions potential
source of error. (15
points)

Conclusion

Student did not
address the questions
below, or wrote a
conclusion that doesn't
match their
hypothesis. (4 points)

Student wrote a logical
conclusion answering
only one of the
guestions below. (6
points)

Student wrote a logical
conclusion answering
two of the three
guestions below. (8
points)

Student wrote a logical
conclusion answering
the three questions
below. (10 points)
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Lesson Presentation Slides:

White ve. Green Roofs Activity

Instructions for activities:

1. You will leam about the use of vs. [ roofs
in city buildings, like New York.

2. You will read the article "Whites Versus Green Roofs".

3. You will have a conversation with your classmates on this topic and answer the
following questions:

e Determine the ways in which green roofs benefit cities more than white roofs.
e Generate a new tlﬂe for the amcle and explam your new td!e

Outside Temperafure Recort

Instructions for activities:
1. You have to create a physical model of a city,
which reflects your knowledge and understanding
of the Urban Heat Island Effect and remote sensing.
2. Your model should have the following aspects:
¢ Should have buildings
¢ Should reflect the use of urban heat island mitigation strategies, like green spaces,
green roofs, etc.
* Be 3.dimensional
e Should represent an actual city environment, that includes buildings, houses, parks, etc.
) _You can use office. supplaes ll(e cardboard consmctlon paper, color paper, colors,
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Outside Temperature Recordings Activity

3. You have to take a picture from the top of the model. Its should indicate the areas
of heat trap in your image: Red = Heat and Blue = vegetation

4_Include a before version (where heat would be trapped) and the after version
{where heat is not trapped anymore).

5. Be careful as you are building your physical model and if you need assistance, ask
an adult for assistance.

NASA Copstone Project: Explore
b o0

Urban Heat islond City Medel Report

Instructions for activities:

1. You will share about your physical model by writing
a complete document of what it represents.

2. You should follow the guidelines and answer all questions
in a narrative version.

NASA Copstone Project Explain -
A Mds

Urban Heat Island Clity Model Report

Think deeper about

\What is the regional location of the city?

What is the population of your city?

How has the population changed over time?

Describe the internal migration within the city.

What are the industries and productions within the cily based on?
What is the climate of the city?

What is the temperature variation during the year?

How are the Urban Heat Island effects visible in this city? Provide examples.

What type of partnerships and agreements are there within the government of your cily to
take care of the environment and Urban Heat Island?

What type of mitigations have been implemented recently in your city?

» How have the mitigation factors affected the city development over time?

NASA Copstone Project: Explain |
: z AMnde

NASA Goddard
Matthew Pearce
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Urban Heat |sland Model Poster

Instructions for activities:

1. You will create a digital science poster,
where you will include the aspects of your city model.

2. The digital poster can be created with the program
Microsoft PowerPoint. Also, you can print your poster.

3. Every member of the group should be involved in the development of the posler.

NASA Copstone Project: Extend
At

Urban Heat Islond Model Poster

Guidelines for your poster:
e Atitle
e Author names and affiliations (their group roles in the project)
¢ An introduction
¢ Methods (use of research tools)
e Results
e Conclusions

¢ Acknowledgements sections

NASA Copstone Project: Extend
o Arandy

Urban Heat Island City Model Symposium

Instructions for activities:

1. You and your classmates will have a small classroom
science symposium. You will evaluate your peers’ posters.

2. Every group will share their capstone projects as urban
heat island physical city models and their research.
Scientists also involve in presenting their research through posters.

3. You can ask your classmates questions about their projects,

4, You can invite others teachers, staff and / or parents to this session,

A inde |
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Differentiated instruction activities

This lesson includes instructional activities that promote differentiation in the following ways:

e Students learn new content in multiple ways including orally (through groups and class
discussions), visually (through the use of videos and images), data analysis (through
infographics and graphs) and reflection.

e Students use graphic organizers that help them process and organize their understanding
of the new content.

e Lessons include graphic organizers with sentence starters that benefit English Language
Learners and Special Education students to organize their ideas in better ways.

o Every lesson is adaptable to the personal learning plans of students.

11. Conclusion and linkage to next lesson:

This has been the fifth and final lesson of this climate unit plan which had a focus on land
surface temperatures and its variations. During this fifth lesson, students had the opportunity to
learn about the type of roofs used for mitigation aspects in urban settings and determine the
ways in which green roofs benefit cities more than white roofs. In addition, students create a
physical model of a city that is based on knowledge and understanding of the Urban Heat Island
Effects and remote sensing as well as write a paper of the physical city model to explain city
development and mitigation factors. Furthermore, students research tools like EarthExplorer
and Google Earth Engine App to gather data about the chosen city and create a science poster
about their group’s capstone project. The completion of all worksheets, tasks and activities with
a high rubric grade demonstrates assessment quantification of student’s learning,
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Glossary:

Albedo: The proportion of the incident light or radiation that is reflected by a surface, typically that of a planet
or moon.

Artemis: Is a lunar exploration program that we will use innovative new technologies and systems to explore
more of the Moon than ever before.

ASTER: Advanced Spaceborne Thermal Emission and Reflection Radiometer. ASTER is a
TERRA'’s instrument used to create detailed maps of Earth’s temperature, emissivity, reflectance, and
elevation.

Blackbody Object: Blackbody is a surface that absorbs all radiant energy falling on it.

CERES: The Clouds and the Earth’s Radiant Energy System. CERES is an TERRA'’s instrument
that gets information about the Earth's radiation balance.

Climate Change: Refers to any significant change in the measures of climate lasting for an extended period
of time. It includes major changes in temperature, precipitation, or wind patterns, among other effects, that
occur over several decades or longer.

Climate Variability: Variability is the range of climate compared to its average. The fluctuations comprising
climate variability can influence patterns of rainfall, temperature and other variables on timescales anywhere
from a few weeks to a few decades.

Common Core: A set of educational standards for teaching and testing English and mathematics between
kindergarten and 12th grade.

EarthExplorer: The USGS EarthExplorer (EE) tool provides users the ability to query, search, and order
satellite images, aerial photographs, and cartographic products from several sources.

EarthNow: Explores a real-time data visualization of NASA'’s Earth-orbiting satellites and the data they collect
about climate change.

Electromagnetic Spectrum: The electromagnetic spectrum is the range of frequencies of electromagnetic
radiation and their respective wavelengths and photon energies.

Emissivity: The relative power of a surface to emit heat by radiation: the ratio of the radiant energy emitted
by a surface to that emitted by a blackbody at the same temperature.

GISS: Goddard Institute for Space Studies research at the NASA emphasizes a broad study of global change,
which is an interdisciplinary initiative addressing natural and man-made changes in our environment that occur
on various time scales

GLOBE: Global Learning and Observations to Benefit the Environment is an international science and
education program that provides students and the public worldwide with the opportunity to participate in data
collection and the scientific process, and contribute meaningfully to our understanding of the Earth system and
global environment.
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Google Earth Engine: is a service that runs in the Google Cloud and combines a multi-petabyte catalog of
satellite imagery and geospatial datasets with planetary-scale analysis capabilities and makes it available for
scientists, researchers, and developers to detect changes, map trends, and quantify differences on the Earth's
surface

Green roofs: A green roof is a layer of vegetation planted over a waterproofing system that is
installed on top of a flat or slightly—sloped roof.

Image analysis: Image analysis is the process of taking information through images using digital processing
techniques.

James Webb Space Telescope: James Webb Space Telescope will be the largest infrared telescope with a
6.5-meter primary mirror and it will study every phase in the history of our Universe.

Juno: is a NASA spacecratft. It is exploring the planet Jupiter. Juno launched from Earth in 2011. It reached
Jupiter in 2016. That was a five-year trip!

Landsat: A series of satellites equipped with sensors that observe and capture information using images of
the Earth’s surface and coastal regions.

Land Surface Temperature: The temperature at the ground. It is calculated by analyzing the radiation of
thermal energy. It is measured through remote sensing or sensors to determine how hot the Earth’s surface is
at a particular location.

MISR: The Multi-angle Imaging SpectroRadiometer. MISR is a new type of instrument of TERRA designed to
see Earth with cameras pointed at nine different angles and it can distinguish different types of clouds, aerosol
particles, and surfaces.

Mitigation: The use of actions to limit the rate of climate change and its effects including the reduction of
human emissions of greenhouse gases.

MODIS: Moderate Resolution Imaging Spectroradiometer. TERRA’s instrument has a sensor that observes
where and when disasters strike—such as volcanic eruptions, floods, severe storms, droughts, and wildfires.

MOPITT: Measurements of Pollution In The Troposphere. It is an instrument of TERRA designed to enhance
our knowledge of the lower atmosphere and to observe how it interacts with the land and ocean biosphere.

NASA: The National Aeronautics and Space Administration is an independent agency of the United States
Federal Government responsible for the civilian space program, as well as aeronautics and space research.

NGSS: Next Generation Science Standards are K—12 science content standards. The NGSS were developed
by states to improve science education for all students.

Perseverance Rover: mission is on its way to the Red Planet to search for signs of ancient life and collect
samples to send back to Earth.

Remote Sensing: The process of acquiring information on the physical characteristics of an object or emitted
by means of its reflected radiation without making contact with it. For example, the land surface temperature.
It can be measured through a satellite or an aircratft.
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Solar radiation: Is radiant energy emitted by the sun from a nuclear fusion reaction that creates
electromagnetic energy.

Sustainability: The quality of not being harmful to the environment or depleting natural
resources, and thereby supporting long-term ecological balance.

TERRA: Is the flagship of NASA’s Earth Observing System. The satellite’s five instruments concurrently
observe Earth atmosphere, ocean, land, snow and ice providing insights into Earth systems such as the water,
carbon and energy cycles. Terra’s instruments are: ASTER, MOPITT, MISR, CERES and MODIS.

Urban Heat Island: A phenomenon that occurs in cities that record a higher temperature than their
surroundings. It can be caused by changes in the land surface by urban development along with waste heat
generated by energy use. As population centers grow, they tend to change greater areas of land which then
undergo a corresponding increase in average temperature.

USGS: The United States Geological Survey. The USGS is a bureau of the United States Department of the
Interior.
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