An Overview of Climate Change
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climate change. This document is intended for K-12 STEM teachers and their
volunteers who want to introduce their students to Climate Change - its
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components. In recognition of teachers' workloads, the document uses pictures,
graphs and a minimum number of words.
It is expected that teachers, volunteers, students can use it as a guide for a deeper
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Project-Based Learning.
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From the Fourth National Climate Assessment:
Global annually averaged temperature measured over both land and oceans has
increased by about 1.8°F (1.0°C) according to a linear trend from 1901 to 2016,
and by 1.2°F (0.65°C) for the period 1986–2015 as compared to 1901–1960. The
last few years have also seen record-breaking, climate-related weather extremes.
For example, since the Third National Climate Assessment was published,1 2014
became the warmest year on record globally; 2015 surpassed 2014 by a wide
margin; and 2016 surpassed 2015.2,3 Sixteen of the last 17 years have been the
warmest ever recorded by human observations.
Source: https://nca2018.globalchange.gov

The Earth’s atmosphere and oceans are warming. The Earth’s climate and
ecosystems are responding to this warming of the atmosphere and oceans.

Source: https://www.globalchange.gov/browse/indicators/indicator-globalsurface-temperature

Glaciers around the world are receding.

Credit: 1899 Olympic National Park archives. 2008: Jim Patterson, ONP
Source: https://www.nps.gov/olym/learn/nature/glaciers.htm

Sea level is rising around the world.

Source: https://www.climate.gov/news-features/understanding-climate/climatechange-global-sea-level

Arctic sea ice is steadily receding

https://climate.nasa.gov/vital-signs/arctic-sea-ice/

Heavy precipitation is increasing.

Credit: Figure adapted from article in Bulletin of the American Meteorological
Society. See caption for details.
Source: http://nca2014.globalchange.gov/highlights/report-findings/extremeweather

The frequency of major hurricanes is increasing.

Source: https://www.gfdl.noaa.gov/wpcontent/uploads/pix/user_images/tk/global_warm_hurr/Hurr_major_USland_cou
nt_w_Stats.png

What is the scientific understanding of these changes?
The changes in the environment and climate are due to increasing emissions of
greenhouse gases, primarily carbon dioxide. The gases are called greenhouse
gases because they trap heat in the atmosphere just like a greenhouse traps heat.
But the heating mechanisms differ. For a conventional greenhouse, the heat
transfer mechanisms are conduction and convection, while the mechanism for
Earth is radiation.
How does a greenhouse work? The sun’s radiation comes in through the glass
roof of the greenhouse and heats the ground and vegetation which heat the air
on contact. The hot air rises but is trapped by the glass. The result is heating of
the greenhouse above the outside temperature.

Source: Botanical Gardens, V.L. Komarov Botanical Institute, obtained from
https://en.wikipedia.org/wiki/Greenhouse

The Greenhouse Effect: How Greenhouse Gases Work to Keep the Earth Warm
The greenhouse effect is the trapping of heat by gases in the earth's atmosphere.
•

Earth has naturally occurring greenhouse gases.

•

These naturally occurring greenhouse gases are primarily water vapor,
carbon dioxide, plus to a lesser extent, methane, and nitrous oxides.

•

The Earth’s naturally occurring greenhouse gases work much like the glass
roof on a greenhouse.

•

These greenhouses gases keep Earth warm because:
1. The heat from the sun’s short wave radiation can come in through the
atmosphere.
2. The long wave infrared radiation (heat) from the ground and plants is
trapped by the greenhouses glass and keeps us warm, keeping Earth at
temperatures that are comfortable for animal and plant life.
3. Without these greenhouse gases, Earth’s temperature would be about
the same as on the Moon, or an average temperature of near 0°F or 18°C. The actual surface temperature is about 14°C or 57°F.

Life on Earth depends on energy coming from the sun.
About half the light reaching Earth’s atmosphere passes through the air and
clouds to the surface, where it is absorbed and then radiated upward in the form
of infrared heat. About 90 percent of this heat is then absorbed by the
greenhouse gases and radiated back toward the surface, which is warmed to a
life-supporting average of 59 degrees Fahrenheit (15 degrees Celsius).

Source: Global Climate Change: Vital Signs of the Planet,
https://climate.nasa.gov/causes

The Greenhouse Effect: Too Much of a Good Thing
The increase of Earth’s temperature is primarily due to increasing concentrations
of carbon dioxide in the atmosphere.
Greenhouse gases are primarily carbon dioxide, and to a lesser extent methane
and other gases.
Earth’s greenhouse gas increases are primarily due to human activities.

Atmospheric CO2 is steadily increasing.

Source: https://www.esrl.noaa.gov/gmd/ccgg/trend

Heart records are being broken.

108 degrees in Paris: Europe is shattering heat records this week
Paris reported its highest temperature ever this week as Europe’s second major
heat wave of the summer continues.

Source: https://www.vox.com/2019/7/25/8930325/europe-heat-wave-france-uk-parisgermany-record

The Greenhouse Effect: Outlook for the Future
Climate Models are based on the mathematical equations that represent the laws
of Earth’s physics, chemistry and biology. Models can evaluate and isolate the
specific causes of climate change and can explore the consequences of different
scenarios of future greenhouse gas emissions, aerosol emissions, changes in land
use, and other influences on climate. Models can replicate the major events of
the industrial age climate, including the gradual warming as greenhouse gases
have been emitted, the transient cooling effects of volcanoes, etc. Studying how
climate responded to major changes in the past is a major way of checking that
we understand how different processes work and that models are capable of
performing accurately under a wide range of conditions.

RCPs (Representative Concentration Pathways) are scenarios that describe alternative
trajectories for carbon dioxide emissions and the resulting atmospheric concentration from 2000
to 2100. They encompass the range of possible climate policy outcomes for the 21st century.

Source: https://science2017.globalchange.gov/chapter/executive-summary/

Projected ice loss and sea level rise.
Intergovernmental Panel on Climate Change report (IPCC) Report, September
24, 2019

RCP2.6, blue– low greenhouse gas emission
RCP 8.5, red – hjgh greenhouse gas emission in the absence of policies to combat
climate change
Source: https://report.ipcc.ch/srocc/pdf/SROCC_SPM_Approved.pdf

Scientific Concerns: Tipping Points that Change Earth’s Climate in Unpredictable
Ways
A tipping point refers to the concept that very small inputs can sometimes cause a
large change in something. A simple tipping point example is an airplane flying.
Here the tipping point is a flight speed greater than the stall speed. As long as the
airplane flies faster than the stall speed of the wing the airflow over the wing
stays smooth, lift is produced, and the airplane keeps flying. However, if the
airplane slows slightly to just below the stall speed, the air flow becomes
turbulent, the wing loses lift, and the airplane starts to fall out of the sky.
The science of tipping point global warming impacts:
• Tipping points are poorly understood, except to know that they often occur
in nature.
• It is often extremely difficult to accommodate or reverse tipping points.
• This is a great worry to scientists.
Examples of tipping points are:
• the release of methane from melting permafrost in the northern
hemisphere,
• the meltdown of Greenland’s ice sheet is speeding up, and
• the melting of Antarctic glaciers resulting from the disappearance of the
protecting ice shelves.

A Permafrost Tipping Point in the Northern Hemisphere
The tipping point for this process is the freezing point (0°C) of permafrost in the
northern hemisphere. Permafrost is land that has been frozen stretching back to
the last ice age, 10,000 years ago. As the Arctic warms at twice the global rate,
the frozen soils thaw and decompose, releasing the trapped greenhouse gases
into the air. Scientists estimate that the world’s permafrost holds twice as much
carbon as the atmosphere.
If the permafrost melts, the methane that was previously held is released, and
bacteria within the permafrost generate more methane, which is a strong
greenhouse gas. It is estimated that permafrost contains 1,400 billion tons of
carbon; Earth’s atmosphere today contains 850 billion tons of methane.
A massive permafrost thaw documented in Canada may indicate a huge carbon
release. A study by the Northwest Territories Geological Survey shows 52,000
square miles is in rapid decline, with sediments and carbon threatening the
surrounding environment and potentially accelerating global warming. Similar
large-scale landscape changes are evident across the Arctic including in Alaska,
Siberia and Scandinavia.

Text Source: Bob Berwyn, https://insideclimatenews.org/news/27022017/global-warmingpermafrost-study-melt-canada-siberia Photo Source: Permafrost thaw ponds in Hudson Bay,
Canada by Steve Jurvetson. Licensed under CC-by-2.0 (creativecommons.org/Licenses/by/2.0),
via Wikimedia Commons.

Greenland is Melting—A Tipping Point in the Arctic

The mass of the Greenland ice sheet has rapidly declined in the last several years
due to surface melting and iceberg calving. Research based on observations from
the NASA/German Aerospace Center’s twin Gravity Recovery and Climate
Experiment (GRACE) satellites indicates that between 2002 and 2016, Greenland
shed approximately 280 gigatons of ice per year, causing global sea level to rise by
0.03 inches (0.8 millimeters) per year. These images, created from GRACE data,
show changes in Greenland ice mass since 2002. Orange and red shades indicate
areas that lost ice mass, while light blue shades indicate areas that gained ice
mass. White indicates areas where there has been very little or no change in ice
mass since 2002. In general, higher-elevation and coastal areas experienced up to
13.1 feet (4 meters) of ice mass loss (expressed in equivalent-water-height; dark
red) over a 14-year period. The largest mass decreases of up to 11.8 inches (30
centimeters equivalent-water-height) per year occurred along the West
Greenland coast. The average flow lines (grey; created from satellite radar
interferometry) of Greenland’s ice converge into the locations of prominent
outlet glaciers and coincide with areas of high mass loss.
Source: https://grace.jpl.nasa.gov/resources

Antarctic ice is melting faster.
A group of glaciers spanning an eighth of the East Antarctica coastline are being
melted by the warming seas, scientists have discovered.
This Antarctic region stores a vast amount of ice, which, if lost, would in the longterm raise global sea level by tens of meters and drown coastal settlements
around the world.

https://www.theguardian.com/world/2018/dec/11/east-antarctica-glacialstronghold-melting-amid-climate-change

Source: https://www.epa.gov/ghgemissions/overview-greenhouse-gases

Source: https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions

Methods to Reduce Greenhouse Gas Emissions

• Expand the use of electrical generation plants which do not use fossil fuels.
• Increase vehicle fuel efficiency and support other solutions that reduce oil
use in the U.S.
• Put a price on polluters for greenhouse gas emissions.
• Invest in efficient energy technologies and industries.
• Reduce tropical deforestation and its associated global warming emissions.

Develop solar cell farms

Source: http://www.publicdomainpictures.net/pictures/10000/velka/11244734425Lwol.jpg

Construct wind turbine farms.

Source: Shepherds Flat Wind Farm, Oregon USA (By Steve Wilson from Orpington,
UK - flickr: More Windmills...; Licensed under CC BY 2.0,
(creativecommons.org/licenses/by/2.0/), via Wikimedia Commons.
https://commons.wikimedia.org/w/index.php?curid=22777884)

Deploy nuclear energy electricity plants.
Increasing nuclear power is the only proven way to quickly reduce fossil fuels on a
national electric grid. France did this several decades ago. Nuclear energy is
statistically the safest form of energy generation, but public fears and political
opposition make it problematic.

Communication from Dr. Joshua Goldstein.
Report from the M. I. T. Energy Initiative - http://energy.mit.edu/wpcontent/uploads/2018/09/The-Future-of-Nuclear-Energy-in-a-CarbonConstrained-World.pdf

Increase the efficiency of transportation.
Improve fuel efficiency in light-duty-vehicles (cars, light trucks).
The following chart is from the Center for Climate and Energy Solutions and
shows how technology is projected to improve fuel efficiency.

Source: https://www.c2es.org/federal/executive/vehicle-standards

Implement vehicles propelled by batteries.

The Norway HyNor Project
Norway is developing a “Hydrogen Highway,” in which hydrogen-fueled vehicles
will be used in a strip of highway between the cities of Stavanger and Oslo.
Source: https://www.hydrogencarsnow.com/index.php/norway-hynor-project/

Norway is also expanding its use of conventional battery-powered vehicles.
Read a July 1, 2019 Reuters article: “Electric cars grab almost half of sales in oilproducing Norway.”

Source: https://www.reuters.com/article/us-autos-electric-norway/electric-carsgrab-almost-half-of-sales-in-oil-producing-norway-idUSKCN1TW2WO

Increase the energy efficiency of buildings.
Chapter 5 in the 2015 Quadrennial Technology Review by the Department of
Energy describes how to increase the efficiency of building systems and
technologies.
The report says that the buildings sector accounts for about 76% of electricity use
and 40% of all U.S. primary energy use and associated greenhouse gas emissions.
Opportunities for improved efficiency are enormous. By 2030, building energy
use could be cut more than 20% using technologies known to be cost effective
today and by more than 35% if research goals are met. Much higher savings are
technically possible.
Source: https://energy.gov/sites/prod/files/2015/09/f26/QTR2015-05Buildings.pdf

Sequester carbon in soils.
Read Science Magazine article: “Soil Carbon Sequestration Impacts on Global
Climate Change and Food Security.”
The article says that “carbon sequestration has the potential to offset fossil fuel
emissions by 0.4 to 1.2 gigatons of carbon per year, or 5 to 15% of the global
fossil-fuel emissions.”
Source: https://science.sciencemag.org/content/304/5677/1623
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