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Introduction and Rationale

In July 2020, the average daily high temperature in New Castle County, DE was 32.2 o C. This represents a 2.0
o C increase over the average for the period between 1980 and 2010. That increase makes New Castle County
feel like the city of Richmond, VA (located 200 miles to the south) used to in the late 20th century. And the city
of Richmond has experienced temperature increases that make it feel more like Atlanta, GA used to.1 While
two degrees doesn’t seem like that much, consider that an adult is said to have a fever when their body
temperature rises by as little as half a degree, and is commonly associated with headaches, body aches,
fatigue, an upset stomach, and general irritability. Fortunately, most fevers can be controlled by
acetaminophen or other fever reducers, and many pass on their own, alleviating their hosts of any negative
consequences. Unfortunately, the earth isn’t so lucky – there is no magic fever reducer that will alleviate the
warming-induced sea level rise, heat waves, droughts, and more intense hurricanes that are predicted to
occur. So, when the scientific community is raising alarms about the potential for a few degrees warming,
think of how bad you felt the last time you had a significant fever.

Analogies like the one above are key to gaining the attention of my students, who, despite climate change
being a mainstay in the news for the better part of twenty years, have a “so-what?” attitude around climate
change. I often find myself wondering how it is that the greatest challenge of our time can come off as so
“meh” decades after it came to the forefront. My theory is that climate change as a phenomenon seems
abstract and non-local, it isn’t pressing, and students don’t feel empowered to make meaningful changes to
avoid or reduce its impacts. With that in mind, the primary goal of this unit is to increase student
understanding of and sense of urgency surrounding the issue of climate change by bringing the impacts to
their doorstep.

In order to accomplish this goal, this unit asks students do the following: 1) learn the basic science behind
climate change, 2) investigate the impacts of climate change on global, national, and local scales, and 3)
research or generate their own mitigation and adaptation strategies. Designed specifically for AP
Environmental Science (AP-ES), this unit spans three weeks of instruction and specifically focuses on climate
change as it pertains to Delaware. This includes an analysis of relevant climate data and the state’s
vulnerabilities to rising sea levels, changing precipitation patterns, and warmer temperatures and an
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enhanced urban heat island effect.

Demographics

William Penn High School is a public high school in the Colonial School District in New Castle County, DE. It is
the only high school in the district and is the largest or second largest high school in the entire state, serving
between 2,000 and 2,200 each year across grades 9-12. The district is considered suburban/urban fringe and
serves a diverse population in terms of both race and income. To increase student enrollment and prevent
flight to surrounding charter, private, and/or vocational-technical schools, William Penn has focused on
anchoring students’ education into career-focused disciplines similar to college majors. In practice this has led
to the growth of Career and Technical Education programs that provide opportunities for students to
experience a vocational-type education while still being provided with the traditional college preparatory
education typical of neighborhood public schools. Freshmen entering William Penn chose a degree program to
specialize within one of three college academies: Business, Humanities, or STEM. Degree programs within the
Business College Academy include Air Force JRTOC, Business Administration, Culinary Arts, Financial Services,
and Accounting. Degree programs with the Humanities College Academy include Behavioral Sciences,
Communications, Teacher Academy, Legal Studies, International Studies, and Visual and Performing Arts. The
STEM College Academy offers degree programs in Agriculture, Allied Health, Computer Science, Construction,
Engineering, Manufacturing, Mathematics, and Science. William Penn also offers twenty-five Advanced
Placement courses and numerous Dual Enrollment opportunities for those seeking to earn college credit.

But why should this specific group of students, some of whom may be learning accounting, construction or
culinary skills, care about climate change and its impacts? In a perfect world the answer to this question would
be simple: because failing to act on climate change will lead to the untold suffering of millions of people and
the dramatic alteration of our planet’s ecosystems.2 But most teenagers (and probably most people in
general) aren’t thinking about those things. Instead, they need to see the up close and personal impacts that
climate change is and will have on the communities in which they live and work. They need to understand that
higher temperatures will lead to increased incidences of heat stress on their loved ones, that more extreme
precipitation events will flood roads more frequently and isolate people in their neighborhoods in times of
emergencies, and that sea level rise will make certain areas uninhabitable and drive people from their homes.
Such a wake-up call may also serve as a call to action to advocate for sensible climate change adaptation and
mitigation strategies in their communities, or at least correct any misconceptions related to climate change
disinformation.

Content Objectives

The content of this unit is divided into three major sections: the first provides an overview of climate change,
including the greenhouse effect, climate drivers, and the evidence for anthropogenic climate change; the
second focuses on the National Climate Assessment (NCA) to survey the impacts of climate change, including
an overview of the global impacts and a closer look at those specifically impacting the US and the state of
Delaware; and the third focuses on climate mitigation and adaptation strategies, with a specific focus on those
relevant to our state.
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Climate Change Basics

When teaching students about the basics of climate change, it is helpful to break it down into three distinct
and more manageable parts: what is it, why is it happening, and how do we know it is happening?

What is Climate Change?

Climate change is the observable long-term change in temperatures and weather patterns; such shifts may be
natural (such as through variations in the solar cycle) or human induced.3 Students are also familiar with the
term global warming, which is defined as the long-term heating of the earth observed since 1850 due to fossil
fuel burning and other human activities.4 In my course, I use the term anthropogenic climate change (ACC) to
avoid potential misunderstandings about any geographic differences in temperature changes. Before students
can really understand how and why the climate is changing, they need to have a foundational understanding
of the greenhouse effect that keeps our planet a hospitable temperature. Figure 1 shows the basics of the
greenhouse effect and how global temperatures are impacted by gases in the atmosphere and land cover.

Figure 1: The greenhouse effect. Credit Biology LibreTexts.5

Figure 1 shows how incoming solar radiation (insolation) reacts once it reaches the earth: some of it gets
reflected to space by clouds and aerosols in the atmosphere, some of it is reflected by lighter surfaces with
high albedo such as ice, and some of it gets absorbed by darker surfaces with low albedo such as vegetation
and oceans and then reradiated at longer wavelengths. Gases such as carbon dioxide, water vapor, and
methane have chemical properties that trap and reflect the longer wavelength radiation back to the earth,
providing a warming effect. Collectively these gases are known as greenhouse gases (GHGs). Without the
presence of GHGs in our atmosphere, our planet would be too cold to sustain life, so the greenhouse effect in
its natural state is immensely beneficial for life on the planet.6
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Why is the Climate Changing?

The natural greenhouse effect has been disturbed by the burning of fossil fuels and other human activities.
Since pre-industrial times, humans have added incredible amounts of carbon dioxide and methane into the
atmosphere, raising CO2 concentrations from 260 to 410 parts per million (ppm), and methane concentrations
from 1600 to 1900 parts per billion (ppb). The current CO2 concentration is at a level that last occurred some 3
million years ago when temperatures and sea level were both significantly higher than they are today. The
dramatic increase in methane is problematic because it is twenty-five times more powerful of a GHG than
CO2.7 Human activities have also added significant quantities of other GHGs such as N2O and
hydrofluorochlorocarbons (HCFCs), while altering the earth’s surfaces through deforestation and development
has dramatically changed albedo.8 These actions have enhanced the greenhouse effect and lead to 1.1 o C of
warming since 1901. That number is a global average, and places such as the poles have warmed significantly
more over the same time period. Models suggest additional future warming between 0.9 and 3.6 o C
depending on different emissions scenarios, with the most plausible scenarios predicting 1.5 to 2.0 o C of
additional warming by 2100.9

How Do We Know the Climate is Changing?

Understanding how and why the climate is changing comes from a combination of basic science, historical
data and observations, and climate models. Each contributes to the confidence scientists have in stating that
the climate is changing and that human activity is the leading cause of that observed change.

The fundamental science of climate change is well understood, as described above. Since GHGs trap and re-
emit infrared radiation and warm the atmosphere, increasing the amount of GHGs in the atmosphere
enhances that warming effect and temperatures increase. Additionally, changes to the earth’s albedo impact
the amount of insolation initially reflected, allowing more energy to be absorbed, re-radiated, and then
trapped by GHGs. For example, polar ice and mountain glaciers have high albedos, reflecting a high
percentage of insolation. But when that ice melts and leaves pools of water or dry land, the albedo is
dramatically reduced and more insolation is absorbed.10

Historical temperature records and atmospheric CO2 concentration data are critical to establishing a clear
cause and effect relationship between human activities and climate change. Figure 2A shows temperature
anomalies and CO2 concentrations vs time for the past 140 years.
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Figure 2: How do we know the climate is changing? A: Global atmospheric CO2 and surface temperature from
1880 – 2020.11 B: Concentration and isotopic composition of atmospheric carbon dioxide.12

The pattern is clear: as CO2 concentrations increase, temperature anomalies from the 20th -century mean
increases as well. This increase in CO2 can be traced to human activity by measuring its isotopic composition,
as shown in Figure 2B. This specific data shows that the excess CO2 added to the atmosphere by human
activities has a distinct isotopic signature consistent with fossil fuels. This occurs because CO2 from fossil fuels
is enriched in C-12 and any C-14 in the fossil fuels has had long enough to radioactively decay, such that the
CO2 added to the atmosphere is slightly lighter than “modern” atmospheric CO2.13 While there are more
historical data to support the fundamental science of ACC (such as paleoclimate reconstructions from ice
cores and tree rings), these two sets are sufficient for students to understand the link between human activity
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and temperature increases.

The final pieces of evidence in linking human activity with observed changes in temperature come from
scientific models. These complex mathematical models have been unable to produce the observed warming
seen in Figure 2A without the additional CO2 human activity has released into the atmosphere. No other
drivers – not solar cycles, changes in volcanic activity, or changes in the earth’s orbit – can account for the
observed warming. In addition to helping scientists provide the link between human activity and observed
changes, these models are used to predict the impacts of future climate change by incorporating future
scenarios for GHG emissions, land use and land cover changes, and complex climate feedback mechanisms.14

Impacts of Climate Change

According to NASA, “the effects of [ACC] are happening now, are irreversible on the timescale of people alive
today, and will worsen in the decades to come.”15 This is a stark reality to reconcile with, especially for young
people who will bear the burden of this crisis to which they have barely contributed (the same could be said
for large portion of the planet’s population). However, I think it is important for students to understand the
severity of the looming impacts of ACC to inspire change. One way to do that is to present the impacts on a
global scale, a national scale, and finally on a local scale. Each zoom-in increases the relevance to students’
everyday lives. The most obvious and well-known impact of climate change is increasing global temperatures,
but a warming planet is only one of many inter-connected responses of the climate system, which include sea
level rise, biodiversity and habitat loss, decreases in agricultural production, and intensifying coastal flooding,
severe precipitation events, heat waves, forest fires, droughts, hurricanes, and atmospheric rivers. It is these
types of impacts and their cause-and-effect relationships that are of specific interest to this unit. It is
important to note that the impacts discussed below do not happen in isolation from one another. The key is for
students to understand the basics of the impacts but also the connection between a warming climate and the
specific process/concept that leads to any one impact. While they read like a list, in reality they exist as parts
of an interconnected web, with a warmer climate the primary driver of each impact.

Global Impacts

The primary global impact of ACC is the increase in global average surface temperatures. Data show 1.1 o C of
warming already, and models predict an additional 0.9 to 3.6 o C of additional warming by 2100.16 The impacts
of even the most conservative warming estimates are significant and troublesome. Broadly speaking, even
slightly warmer temperatures will lead to accelerated sea level rise, shrinking glaciers, changing precipitation
patterns, lessening snowpacks, a more fragile food supply system, regionally specific adverse health effects,
shifting habitable ranges for flora and fauna, ocean acidification, coral bleaching and more.17 These impacts
are not uniformly distributed in their nature or their severity. Temperature increases and sea level rise are
both prime examples of these regional disparities. Observed and projected temperature increases are worst in
the Arctic and less dramatic in other regions.18 Sea level rise will not impact all regions equally: low lying
island nations such Kiribati and Palau are and will undoubtedly be more impacted by sea level rise than inland
nations like Switzerland or Mongolia. Digging a bit deeper into regionally specific sea level rise reveals that
ocean currents and regional geography leave some coastal communities and ecosystems more vulnerable
than others. Students should understand that the impacts of climate change, especially on a global scale, are
often interconnected in complex feedback loops that can be difficult to tease out and track independent of one
another. Doing so often requires a zooming into to smaller national/regional levels and carefully studying
specific cause-and-effect relationships.
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National and Regional Impacts

Because of the immense size of the United States, the national impacts of ACC are quite like the global
impacts in that they are diverse and regionally specific. However, two ACC impacts cut across all regions:
changes in seasonal precipitation patterns (Figure 3) and increasing temperatures (Figure 4).

Figure 3: Observed (A) and predicted (B) changes in seasonal precipitation.19

ACC appears to intensify existing precipitation patterns such that wet places are getting wetter and dry places
are getting drier. Historical data (Figure 3A) show this happening across the country, with observed changes
being seasonal in nature. Projected changes in precipitation (3B) seem to follow that same trend, except in
summer where nearly all regions are predicted to experience drier conditions. Observed (4A) and predicted
temperature changes (4B) are less regionally biased and seasonal in nature. Except for a few Southeastern
states, the entire country has experienced warming over the last century, and all regions are predicted to
experience at least 2 o C of additional warming by 2100, with some expected to warm significantly more
depending on future GHG emissions.
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Figure 4: Observed (A) and predicted (B) changes in temperatures.20

The NCA presents impacts to ten different regions, seven of which are discussed below. Alaska, Hawaii and
the Pacific Islands, and the Caribbean are left out partially for brevity’s sake and partially due to their unique
environments compared with the contiguous US. Students should note that regional boundaries do not mark
hard stops to predicted impacts and that considerable overlap of impacts between regional boundaries is the
norm, not the exception.

States in the Northeast, which includes Maine, New Hampshire, Vermont, New York, Massachusetts, Rhode
Island, Connecticut, New Jersey, Pennsylvania, Delaware, Maryland, Washington, D.C., and West Virginia, are
predicted to experience four distinct ACC impacts: 1) less distinct seasonality, 2) changing coastal and ocean
habitats, 3) negative outcomes for highly developed and interconnected urban centers, and 4) increased
threats to human health.21 Less distinct seasonality with milder winters and earlier spring conditions have
already been observed and are predicted to worsen. This will alter the region’s natural ecosystems and
environments, negatively impact related tourism, farming, and forestry. Warmer ocean temperatures, sea
level rise and associated flooding, and ocean acidification pose significant threats to coastal and ocean
ecosystems that support natural environments as well as deeply ingrained commerce, tourism, and
recreational traditions. Northeastern states, particularly those located along the Interstate-95 corridor
stretching from Washington, D.C. in the south to Boston, MA in the north are characterized by a high degree of
urbanization, urban sprawl, and high population densities. These major urban areas in the Northeast are
regional and national centers of cultural and economic activity, both of which are under threat from ACC as
urban infrastructure, economies, and historical sites suffer from higher temperatures, more extreme
precipitation events, and sea level rise. More extreme weather, warmer temperatures, the degradation of air
and water quality, and sea level rise all pose significant health risks and are expected to lead more deaths and
hospital visits, a lower quality of life, and increasing medical costs.22

The Southeast of the United States, defined as Virginia, Kentucky, Tennessee, North Carolina, South Carolina,
Georgia, Florida, Alabama, Mississippi, Louisiana, and Arkansas, will experience some of the same issues as
the Northeast but is also particularly vulnerable to other ACC impacts. Like in the Northeast, sea level rise will
contribute to coastal flooding along the Atlantic and Gulf Coasts, threatening major urban centers such as
Miami, FL and New Orleans, LA, as well as less developed but extremely low-lying rural communities that dot
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the coast. Intensifying heat waves will make this already warm region of the country even warmer and
exacerbate the urban heat island effect across developed portions of the region, such as Charlotte, NC and
Atlanta, GA. This region is also home to diverse and unique ecosystems which will be impacted by changing
winter temperatures, wildfires, sea level rise, more intense hurricanes, and droughts, all of which have the
potential to redistribute species and modify ecosystems. Changing precipitation patterns and more
frequent/intense droughts also threaten the agricultural and livestock sectors of the region’s economy.23

The Midwestern states of Ohio, Michigan, Indiana, Illinois, Wisconsin, Minnesota, Iowa, and Missouri, are
traditionally known as the breadbasket of the United States, leaving their agricultural industries particularly
vulnerable to climate change. Changes in humidity and precipitation have already eroded soils, created
favorable conditions for new pests and pathogens, and degraded the quality of stored grain. Projected
changes in precipitation and extreme temperatures due to ACC threaten to reduce agricultural productivity in
the region. Midwestern forests are under threat of invasive species and pests as their ranges expand. The
region’s diverse natural ecosystems provide numerous ecosystem services but are threatened by ACC and
other human activities, including temperature increases, land-use changes, habitat loss, environmental
pollution, excess nutrient loads, and invasive species. This will lead to a loss of biodiversity in the region and
less effective ecosystem services. Like in the Northeast and Southeast, ACC poses significant threats to
human health due to the increased frequency of extreme high temperature events, poor air quality, extended
pollen seasons, and expanded ranges of disease-carrying insects. Similarly, the Midwest’s transportation
networks, critical infrastructure, and stormwater management systems are threatened by projected changes
to precipitation patterns and flood events.24 Changes in the frequency and intensity of severe convective
storms that often produce tornadoes could have a negative impact on the region, but confidence in this
connection to ACC is low.25

The Northern Great Plains, which include Nebraska, Wyoming, South Dakota, North Dakota, and Montana,
faces significant challenges related to water, agriculture, recreation, and its energy industry as its climate
changes. Projected changes in seasonal precipitation patterns, warmer temperatures, and the potential for
more extreme rainfall events will exacerbate the region’s existing water management challenges. This
threatens the region’s population, agricultural industry, and natural ecosystems. ACC also threatens the
region’s booming energy industry infrastructure, which supports individuals, communities, and various
integrated economies.26

Most of the Southern Great Plains region faces similar challenges to its northern counterpart. This region
includes the states of Texas, Oklahoma, and Kansas. However due to some geographic differences across the
region the impacts are not as broadly applicable. Most of the region will be impacted by changing precipitation
patterns, warmer temperatures, and more extreme rainfall events. The southeastern portion of the region is
vulnerable to those issues, but also faces significant sea level rise and threats from more intense hurricanes.
Additionally, this densely populated portion of the region is also projected to experience more heat waves,
producing similar negative human health impacts as in the Northeast and Southeast regions.27 Like the
Midwest, this region is potentially vulnerable to shifting patterns of severe convective storms.28 Both the
Northern and Southern Great Plains are home to significant numbers of tribal and indigenous communities,
which are particularly vulnerable to water resource limitations, extreme weather events, higher temperatures,
and their associated health issues. However, these communities have a unique ecological resilience thanks to
their traditional ecological knowledge.29

The impacts of ACC on the Southwest, which includes New Mexico, Colorado, Utah, Arizona, Nevada, and
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California, largely center on water resources. This already arid region has experienced declines in water for
both people and nature, and ACC is projected to intensify droughts and change seasonal precipitation patterns
that worsen existing conditions. These impacts are made worse by the region’s growing population, which
includes some of the fastest growing communities in the country. Wildfires also pose a significant threat to
this region. This threat is predicted to increase due in part to ACC, but also due to mismanagement of forest
resources for the last century. Increased temperatures and changing precipitation patterns threaten the
region’s natural ecosystems that depend on seasonal rainfall and snowmelt. This has the potential to disrupt
economically valuable ecosystem services, disrupt natural ecological processes, and reduce agricultural
production in the region. The California coast is also vulnerable to sea level rise, and its natural ecosystems
are threatened by warming waters, decreased dissolving oxygen, and seasonal ocean acidification events. The
indigenous communities of this region are similarly threatened by the increasingly hot and dry climate as
those in the Great Plains regions.30

The Northwest, which includes Idaho, Oregon, and Washington, is particularly threatened by ACC because its
regional economy is tightly integrated with its natural resources. ACC is already threatening a wide range of
the region’s diverse ecosystems, which are tied into tribal and indigenous communities’ cultures and popular
outdoor recreation. These threats include changing seasonal precipitation patterns, increased temperatures,
wildfires, drought, and warmer and more acidic oceans, which have been described in more detail above.31

Local Impacts to the State of Delaware

ACC’s impacts on Delaware are largely in line with those described for the Northeast. The main areas of
concern are sea level rise, changes in precipitation and severe precipitation events, and more frequent and
intense heat waves and associated impacts of the urban heat island effect (especially in New Castle County).
Each of these specific impacts is discussed in significant detail below. Additional impacts include agricultural
losses in the rural sections of the state, negative outcomes for the coastal tourism industry, and various
negative health outcomes, but these are beyond the scope of this unit.

Risings sea levels are the result of two different mechanisms. The first is that melting land ice increases the
amount of water in the ocean which raises sea level (although it is important to stress that this applies to land
ice only – the melting of icebergs and Arctic sea ice does not contribute to sea level rise). The second is that
warmer water expands to occupy more volume, contributing to higher sea levels.32 The combination of these
two mechanisms will lead to significant sea level rise across the planet. Delaware is particularly vulnerable to
sea level rise because it is the lowest lying state in the country by average elevation.33 Figure 5 shows the
potential sea level rise for the one foot (A) and seven feet (B) of sea level rise.
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Figure 5: Sea level rise in Delaware and central New Castle County under low (A) and high (B) emissions
scenarios.34

Delaware has already experienced more than a foot of sea level over the past century, and rates of sea level
rise will increase over the next century. The primary impacts of sea level rise in Delaware are the significant
loss of coastal wetlands along the Delaware Bay and damage to coastal infrastructure (including homes,
roads, and businesses). Past coastal development (especially in New Castle and Sussex counties) has
prevented the natural shifting of existing coastal wetlands, which limits their ability to control erosion rates
and sediment flows and buffer against encroaching seas. Other impacts of sea level rise include increased
inundation and erosion, increased tidal surges, increased severity of flooding from severe weather events,
saltwater contamination of ground and surface water supplies, higher water tables, and loss of critical
shoreline habitats and their biodiversity.35

The second major impact the state of Delaware faces due to ACC is changing precipitation patterns as well as
the potential for more intense storms. Historical data show that Delaware has already seen roughly five to ten
percent more precipitation over the past 100 years (Figure 3A). This observed change in precipitation is
seasonal, with the state experiencing slightly drier summers and winters and wetter spring and fall seasons.
The most dramatic change is to fall precipitation, which is fifteen percent higher over the past 100 years. The
projected changes in seasonal precipitation are less certain, but in general the state is expected to continue to
get wetter, with the most significant changes occurring in winter and spring (Figure 3B). In addition to these
seasonal changes, the frequency and intensity of heavy precipitation events is projected to increase. Thus,
while total summer precipitation may change very little, that precipitation is more likely to fall in bursts
associated with intensifying summer storms.36 Something that is important to note is that on a regional basis,
it seems that dry regions will get drier and wet regions will get wetter (Figures 3A and 3B). The fundamental
link between higher temperatures and increased precipitation is as follows: warmer temperatures lead to
higher levels of water vapor in the atmosphere, higher levels of water vapor in the atmosphere and higher
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humidity levels lead to more frequent precipitation. The connection between ACC and increased storm
intensity is less clear but based on similar fundamental scientific principles.37 Increasing precipitation amounts
and shifting precipitation patterns will negatively impact the state’s agriculture industry and place stress on
the state’s already stressed stormwater management systems (especially in coastal and highly urban areas).

The third major impact facing the state of Delaware is higher temperatures and more frequent and intense
heat waves, which have the potential to exacerbate existing negative health and environmental outcomes
from the urban heat island effect in the most developed portions of New Castle County. The state of Delaware
has already experienced 1.7 o C of warming over the last century and is projected to warm by an additional
1.1 to 1.4 o C by 2039. Perhaps more significantly the minimum (or nighttime) temperature throughout the
state is expected to rise by 0.8 to 1.4 o C.38 Rising nighttime temperatures are particularly problematic during
heat waves because they limit relief from oppressive temperatures. Heat waves are expected to occur more
frequently due to ACC and will degrade air quality, worsen respiratory conditions, and lead to heat-related
deaths in vulnerable populations (specifically the elderly, those who work outside, and people without access
to cooling). Urban New Castle County can also expect to experience an enhanced urban heat island effect as
temperatures increase. The urban heat island is a phenomenon where temperatures in urban and developed
areas are warmer than their more rural surroundings because building materials absorb heat during the day
and the re-radiate it at night, limiting relief from warm temperatures. This phenomenon is strongly linked to
negative health outcomes, including upper respiratory illness, increased incidences of asthma attacks, heat
stress, and heat stroke.39 Projections indicate that Delaware will experience its most significant warming in the
summer months, with less significant warming in the spring and fall months, and only modest warming in the
winter (Figure 3B). Such shifts in seasonality can have negative impacts agricultural production, pest and
pathogen control, natural ecosystem function, and ecological resilience.40

Climate Change and People

Most of the above impacts are focused on specific impacts and fail to adequately consider the human aspects
of ACC’s impacts. According to the World Health Organization, the impacts of ACC “threaten to undo the past
fifty years of progress in development, globally health, and poverty reduction, and to further widen existing
health inequalities between and within populations.”41 A warming planet will impact global health by leading
to increased death and illness from increasingly frequent extreme weather events, the disruption of food
systems, increases in vector- and water-borne diseases, as well as mental illness. ACC has the potential to
tear at the seams of social fabrics by reducing overall quality of life, social equality, and access to health care
and social support structures. This is especially problematic because these risks are and will be
disproportionately felt by the world’s most vulnerable and disadvantaged people, many of whom contributed
very little to ACC.42

Student should understand that although significant ecological damage will occur because of ACC, ultimately
the planet will survive; at different points in our planet’s geologic history it was a ball of fire, a gigantic ocean
with one very hot supercontinent, covered in thick layers of ice, and struck by massive asteroids. Over
geologic time, the planet has changed many times and will continue to do so. Whether humans as we know
them are part of that continued history remains to be seen.

Potential Solutions to Climate Change

Scientists, engineers, and policy makers have called for iterative and layered solutions ACC, focusing on both
mitigation and adaptation strategies. Mitigation involves the use of measures to reduce the amount and rate
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of future climate change by reducing GHG emissions or increasing their removal from the atmosphere,43 while
adaptation strategies are actions taken at various levels to reduce the risks from the already changing climate
and to prepare for the impacts of additional changes.44 An effective climate response must involve the
integration of these strategies at various scales and must not be limited to physical infrastructure or
technological innovations. Instead, it should include significant changes to the socio-cultural structures and
behaviors that led to climate change in the first place. What follows is a survey of broad mitigation and
adaptation strategies and a discussion of strategies specific to the state of Delaware.

Mitigation

The primary goal of any mitigation strategy should be to reduce or stop the emission of GHGs (especially CO2)
since their increase is the primary driver of ACC. This can be done by regulatory policy or technology and
associated market forces. In practice this may involve emissions regulations, targeted tax credits, the
development of renewable energy (in the electricity production and transportation sectors), and broad
economic incentives to reduce GHG intensive resource consumption. A secondary goal of mitigation strategies
should be to actively reduce the concentration of GHGs already in our atmosphere, though serious cost and
technological burdens underscore the importance of simply slowing and eventually stopping new GHG
emissions.45

A major issue in mitigation efforts is that reducing GHG emissions to zero will take time, during which
additional warming will occur, potentially enhance greenhouse effect for a long time to come. In addition, the
climate feedback system between the concentration of GHGs and temperature is delayed such that emissions
today cause warming tomorrow and beyond. The failure to significantly reduce GHG emissions may lead to a
tipping point where the systems that control the earth’s temperature spiral out of control in a series of
positive feedback loops such that initial warming leads to more warming which leads to even more warming.46

Because of this, effective adaptation measures that prepare for the most immediate and mid-range impacts of
climate change are necessary to buy time for mitigation strategies to work over longer time scales, since even
if all GHG emissions stopped today, the earth would still warm by at least 1.5 o C by the end of this century.47

Adaptation

Effective adaptation measures are local by nature, yet significant gaps exist in connecting federal and even
state policy to local action.48 However, several broad adaptation strategies have been identified as critical to
staving off the worst of the impending climate impacts while mitigation strategies attempt to lessen the future
impacts. Adaptation strategies include flood control measures such as sea walls and flood gates, enhancing
natural water retention services by natural ecosystems, preserving existing and restoring damaged coastal
wetlands and mangroves, green infrastructure for dealing with urban stormwater runoff, green architecture
aimed at reducing the urban heat island effect, designing more effective water recycling programs and
infrastructure, developing drought and heat tolerant crops, and diversifying energy generation to prepare for
heat, storm, and demand related outages.49 The implementation of adaptation strategies must carefully
consider the costs and benefits of each specific strategy, and their limitations in the face of a still-changing
climate must be acknowledged.

The state of Delaware should focus its adaptation efforts on preparing for sea level rise, changing precipitation
patterns, and increasing temperatures. Adapting to higher sea levels requires two specific actions:
engineering measures to prevent inundation of areas not threatened by the guaranteed one foot of sea level
rise and the managed retreat of areas rendered uninhabitable by that amount of sea level rise. Engineering
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measures include the building of sea walls such as those employed by the Netherlands and in New York to
protect their low-lying areas. Strategically placed sea walls can be effective at protecting specific area but are
inherently inequitable because the water they displace must go somewhere, leaving those areas to face the
consequences. The managed retreat of these areas will likely be necessary. The restoration of impaired
coastal wetlands along the Delaware River and Bay in New Castle and Kent counties can help reduce the
impact of rising sea levels by reducing erosion and land subsidence and by absorbing excess water. Restoring
the barrier islands and coastal wetlands in Sussex County could have a similar effect. Stormwater control
systems are also imperative for managing flood waters from both rising seas and increasingly intense
precipitation events. Pump systems may also be employed to lower surface water and water table levels to
preserve existing infrastructure. Where this is not possible, such infrastructure will have to be moved.

Preparing for changing precipitation patterns and increasing temperatures is especially important for the
agricultural industry and urban environments. For those in the agricultural industry, switching to drought and
heat tolerant crop varieties (by changing crops entirely or using genetically modified versions of existing
crops) is likely necessary. Effective water storage methods are likely necessary to bank water in the fall when
precipitation levels are expected to increase, while more efficient irrigation systems are needed to prepare for
drier summers. In urban environments, green infrastructure and architecture are necessary to deal with
increasingly intense precipitation events, to reduce the impacts of urban stormwater runoff, and limiting the
effects of the enhanced urban heat island effect.

Teaching Strategies

My teaching philosophy is grounded in helping students see the world as scientists. I have found that this
requires reframing students’ views of science not simply as a body of isolated facts, but as a systematic way
of making observations, explaining phenomena, and acquiring new knowledge. The National Research Council
(NRC) lays out a framework that ensures students have authentic scientific experiences in their classrooms
even as they learn content-specific information. This framework “supports a better understanding of how
scientific knowledge is produced and how engineering solutions are produced…help[ing] students become
more critical consumers of scientific information.”50 This dual focus on process and content improves upon
previous practices that reduced scientific procedures to isolated aims of instruction, rather than a vehicle for
developing a meaningful understanding of true scientific concepts.

In 2019, the College Board did a soft redesign of the AP-ES curriculum to better align the course with the NRC
philosophy and provide students with a better educational experience, improve their assessment
performance, and promote college readiness. This included the development of a more specific set of
standards that aligned with pedagogical best practices on marrying process and content in science
classrooms. These new standards are now split by Science Practices and Course Content. The idea is that
teachers engage students in the Science Practices as a means of developing mastery of Course Content. For
those familiar with the Next Generation Science Standards, it is similar to the use of Science and Engineering
Practices and Cross Cutting Concepts as a means of covering Disciplinary Core Ideas. Because of this shift in
curriculum structure, I have had to rethink my instructional approach to the AP-ES course. Previously I held the
view that we needed to cover all the content to whatever degree of depth time would allow for. However,
since the redesign I have begun using strategies that better engage students in the specific Science Practices.
This allows them to hone their scientific skills while simultaneously covering a great deal of content. For
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example, in this unit, students use a myriad of Science Practices to analyze climate impacts not just as
isolated events but as part of an integrated network of earth processes.

Hands on Learning through AP-ES Science Practices

My role as a teacher is closer to that of a facilitator than that of a provider of information and correct answers.
Throughout my career I have developed a teaching toolkit full of strategies that get students doing science
rather than simply learning it, and that toolkit now contains several Science Practice-aligned strategies. In this
specific unit, I ask students to explain environmental concepts, processes, and models through written
expression, analyze sources of information about environmental issues, analyze and interpret quantitative
data represented in tables, charts, and graphs, and propose, evaluate, and justify solutions to environmental
issues. Example activities related to these strategies include lab activities, demonstrations, guided inquiry
assignments, collecting data, and modeling.

Collaborative Learning

I use collaborative learning for two reasons: to foster a sense of community in my classroom and because
studies show that peers teaching and learning from one another to be highly effective. Collaboration and
group work, whether in pairs, small groups, or more complicated jigsaw groups, is a staple in my classroom. It
leads to development of higher order thinking and communication, self-management, and leadership skills. It
also allows me to meet with more students in less time to check for common misunderstandings and provide
timely feedback. Working collaboratively has the added benefit of exposing students to diverse perspectives
and prepares them for real life social and employment scenarios.

Effective Questioning

Since my district adopted NGSS and the College Board rolled out the Science Practices for my course, I have
made a concerted effort to provide opportunities for students to discover answers rather than providing them.
One such way is through effective questioning, which I liken to the back and forth between a lawyer and her
well-prepared witness. I have the answer in the back of my head, but I want to lead students with purpose,
using simple questions that require only simple responses. It is a great way of engaging students in higher
order thinking without them realizing it. They are connecting individual dots of knowledge in order to develop
a larger picture of deep content understanding.

Direct Instruction

While most of my class time is spent engaging students in authentic science practices and thoughtful
discussion, the nature of my course does require a certain amount of direction instruction. I try to limit myself
to 15 - 20 minutes of direct instruction a class period and make it as interactive as possible by using guided
notes, check in questions, turn-and-talks, quick-writes, and other progress checks. I prepare PowerPoint slides
as a guide for my direct instruction and post them to our learning management system for students to review
later.

Class Discussions: Connecting Science to the Human Experience

A new strategy that I am excited to try out as part of this unit is to connect science with the student
experience. The primary goal of this discussion-based strategy is to develop some empathy and by connecting
climate science with personal stories using first-person accounts and excerpts from science fiction. It is
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particularly important that students understand that the science we study in this unit is meaningful because
the consequences of not addressing the impacts of ACC involve the death and suffering of hundreds of
millions of people. Using this strategy effectively requires students to come prepared after having read
relevant text or watched relevant content, a dynamic plan with some overarching questions and/or goals, a
willingness to let student interests drive the discussion forward, a cohesive classroom community, and a
commitment to some discomfort. Allowing for debrief time is critical to connecting discussion content back to
specific science concepts.

FRQ Notebooks

The AP-ES exam consists of 80 multiple choice questions and three Free Response Questions (FRQs). Students
get plenty of multiple-choice practice throughout the year on quizzes and unit exams. To prepare students for
the FRQs, I combine frequent low-stakes practice and high-quality peer and teacher feedback using FRQ
notebooks. Students keep a notebook for the duration of the year with each FRQ prompt, their response, and
a scored rubric. For students, this is beneficial because they can track their progress throughout the year and
use it as a study tool at the end of each unit and before the AP Exam. For me, these notebooks serve as key
benchmark data for determining how much exam preparation each student needs, as well as strong evidence
of understanding. I use a combination of released exam questions from College Board, my own written
questions, and in some cases, student-generated prompts. These questions ask students to integrate
knowledge from different aspects of the course and are the ultimate integration of the Science Practices with
content from across the different units of study.

Classroom Activities

Introduction to Climate Change

I plan to start this activity with a simple question for my students: “how is climate change currently impacting
you, your family, and/or your community?”. I expect to hear a few responses about hotter temperatures and
maybe a comment or two about sea level rise. However, I am not sure that students will have much
understanding of why temperatures in Delaware are getting warmer, or where and why Delaware is so
impacted by rising sea levels. My goal is to then help students develop a deeper understanding of what
climate is and why it is changing. Much of this happens via a combination of supported by a series of slides
and guided notes, and a lab. We start by creating an initial model of the climate system, which gets revised
throughout the unit. Then, students complete a basic greenhouse effect lab. In this lab, students examine the
temperature change of an inverted glass beaker system when exposed to a heat lamp. In the control system,
the beaker is empty and the temperature change inside the beaker is roughly the same as the change
outside. In the treatment beaker, CO2 is added by combusting a small amount of ethanol, and the temperature
inside gets warmer than the temperature outside. Students create simple dot plots of line graphs of
temperature over time, then use their initial understanding of the greenhouse effect to update their climate
system model and explain why the addition of CO2 caused the temperature inside the beaker to increase more
than the temperature outside the beaker. I then help students refine their understanding of the greenhouse
effect and its relationship to climate change through textbook readings,51 YouTube videos,5253 and chunked
direct instruction. They revise their model one final time to reflect any new information. Students also learn
about historical climate records and atmospheric CO2 concentrations in this activity. This portion of the unit
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should take between two and three 90-minute block to complete.

Analyzing Historical Data

Because historical climate change occurred on relatively long time scales, it can be hard for students to
understand the significance of the rates of ACC. One way to help them understand why ACC is so different
from historical changes in climate is to have them interact with the data themselves. This activity asks to
students to obtain, plot, and analyze historical temperature, precipitation, and sea level data for New Castle,
DE. Students obtain the temperature and precipitation data from the National Centers for Environmental
Information54 and the sea level data from the National Oceanic and Atmospheric Administration’s Tides and
Currents service.55 Though the data set used in this activity is highly localized to my district, it is easily
adaptable to any location with a weather monitoring station and/or sea level data. Managing data sets like
these is likely above the skill set of most students, so this activity is heavily scaffolded using a guided Google
Doc. This document includes live links to data sets, guidance on how to sort and plot the data, and a tutorial
on running basic statistical analysis for comparing data sets. The goal is for students to produce line graphs of
their data over time, run linear regressions to obtain lines of best fit, and then to determine if the most recent
30 years of data is significantly different than the previous 30 years of data using t-tests. Students are also
tasked with using their lines of best fit to predict future changes in temperature, precipitation, and sea level
rise, which we can then compare to the model-predicted changes later in the unit. This activity should take
two 90-minute blocks to complete, though students with experience in data analysis may complete it more
quickly.

Mapping the Impacts of Climate Change

In this activity, students use a wall-size map to visualize the impacts of climate change on a global and
national level. As they learn about an impact, they add a pushpin and sticky note on the map with a summary
sentence of the impact felt in that location. In addition, students learn about the scientific concept/process
that connects a specific impact to a warming climate: for example, when learning about sea level rise as an
impact, students learn that it comes from both the melting of land ice and thermal expansion. This process is
then repeated with a map of just the state of Delaware to increase the local relevance of the unit. Students
also read several excerpts from the science fiction novel “The 2084 Report”,56 which tells the story of climate
change from around the world from the human perspective. While this novel is fiction, the science it includes
is in line with the projections of climate scientists. It also paints a bleak picture of a future without
considerable mitigation and adaptation strategies that may serve as an eye-opener to students who still have
doubts about climate change and its impacts. Additionally, students can add specific impacts to the locations
from the novel to our map of impacts. I consider this activity to be the hallmark of the unit because it drives
home the scale but also the human component of climate change impacts. My role in this activity is to
facilitate discussion of the impacts and occasionally intervening with some small chunks of direct instruction
to cover the science behind each impact. This portion of the unit should take two 90-minute blocks to
complete.

Inquiry Activity on Mitigation and Adaptation Strategies

After learning about the impacts of climate change, students turn their attention to potential mitigation and
adaptation strategies. This is an inquiry-based activity where students ask questions of themselves and of me
to identify the most pressing needs for the state of Delaware. Next they work in small groups to brainstorm
some ideas for how to address those needs, narrowing their ideas down to two or three. Then they use our
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course textbook and internet resources to research some mitigation and adaptation strategies and compare
their own ideas to what is being done (or at least being proposed). Finally, each student group presents their
findings to the class. My role in this activity is to point students in the right direction for resources and to help
groups prevent overlap in their mitigation and adaptation strategies so that all the groups don’t present on
the same topic. I also facilitate a discussion of the merits of each group’s findings and drive home the point
that stopping the emission of GHGs is the most important step that can be taken to avoid the worst impacts of
climate change. This activity should take one 90-minute block to complete.

FRQ Notebook

In this culminating activity for the unit, students answer two FRQs from our course page on AP Classroom, a
highly valuable resource with topic overviews, video supplements, and progress checks for each unit of study.
There are more than a dozen FRQs to choose from that assess the standards this unit addresses. My students
are given the “Impacts of Global Climate Change” and “Sea Level Rise” questions since they most closely
align with the unit’s content. Students answer the questions in their notebook, score their response using the
rubric from the AP Classroom site, and trade with a partner to repeat the scoring process. To keep conditions
as close to exam day as possible, students are given 23 minutes for each question. Since they are answering
and scoring two questions, this activity takes anywhere from 60 to 70 minutes to complete. I often pair FRQ
notebook days with some soft review in preparation for upcoming unit exams to fill the remaining time.

Appendix on Implementing District Standards

Completing this unit requires that students have met the following learning objectives according to the
College Board’s Course and Exam Description for AP-ES: STB-4.E – describe how the climate is changing in
response to human activities, STB-4.F – identify and describe specific examples of climate change on the
global and local scales, and STB-1 – identify specific actions that be taken to mitigate the impact of climate
change [in Delaware]. In addition, students use the following Science Practices in this unit: 1 – explain
environmental concepts, processes, and models presented in written format, 2 – analyze and interpret
quantitative data represented in tables, charts, and graphs, 6 – apply quantitative methods to address
environmental concepts, and 7 – propose and justify solutions to environmental problems.
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