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Instructions and expectations for this course.

This course is an independsmidyused to meet one of your credits for your high school record. This semester credit may
used t o 0 c ugddédaoude work iy othelosaranae courses throughout your high school career. This course
have a grading system and it will be R@&sponsibility to do the woilhe reading required is minimal, however, you will
need a strong discipline to complete this course successfully.

Materials

Your teacher will supply you with one spiral notebook, one folder/portfolio, and two gradddraakerpersonal use.

The grade trackers are to help YOU know where you are at any point in the course by simply adding together all of you
scores and dividing by the total number of items added. The portfolio will be collected for participatiompbiass

ensuring that you are completing all of your assignments. Your notebook is part of your portfolio, and | advise that you
excellent care of your notes, questions, etc. You will be provided with a list of items that should be in yaundportfoli
notebook. NOTE: Since there are no pop quizzes for this class, | may collect your items at any time and award bonus f
for a weHkept notebook/portfolio containing all items up to that point. Likewise, missing items will result in fewer to no
bonus points and may result in deducting from your participation grade.

Items for your Notebook

1. All Lesson Questior{tQ) and Content Questions (C®ith answergQuestions are in red & located on this
schedule)

2. Notes from readings

3. Vocabulary Lists and definitions for each chapter

4. Reflection page after each lesson identifying what you have learned during the lesson

Items foour Portfolio

1. All handouts

2. All Homework Assignments and worksheets

3. Roughsketches of visuals for this course

4. Grade Records with 4p-date recordings of grades
5. Concept Questions and Answers

Instructions for accessing the Modules and Tests

You will log in to théaas.portal.concord.owgbsite.

Your user name isb1 (your initials and the number 1)

Your password isducation.

Pretesisire graded fgrarticipation

Lessons follow the pretest aard geared in expanding the concepts you will learn from this course.
Posttestaire graded for thigadebook.

X X X X X X
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Unit 10 Energy and The EaghClimate

Chapter B What are our Energy Choices

Lesson Overvieand Schedui@225 Minutes Module Total

Chapter 1- Vocabulary

living organisms, and the energy contained within them.
Material on the outside of a substance, usually there to protect the materia

Management of a natural resource to prevent exploitation, destruction, or

Process of using goods and services.
performing a task with skill and minimal waste.

Term Part of Speech Definition
Biomass Noun
Casing Noun

inside.
Conservation Noun

neglect.
Consumption Noun
Efficient Adjective
Electricity Noun

Energy consumption Noun

Energy resource Noun
Fossil fuel Noun
Global warming Noun
Greenhouse gas Noun
Habitat Noun

Hydraulic fracturing Noun

Hydroelectric energy Noun

Kilowatthour Noun
Megawatt hour Noun
Methane Noun

Model, computational Noun

Natural gas Noun
Non-renewable energyNoun

Permeable Adjective
Porosity Noun

Renewable energy  Noun

Renewable resource Noun
Shale Noun
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Set of physical phenongeassociated with the presence and flow of electric
charge.

Use of power, usually defined as power produced by human beings in
plants run on electricity, fossil fuels, or nuclear fission.

sourceof energy found in nature that has not been subject to any human
induced energy transfers or

transformations; for example, oil, coal, gas, wind, or sunlight.

Coal, ail, or natural gas. Fossil fuels formed from the reshaimgent

plants and animals.

Increase in the average temperature of the Earth's air and oceans.

Gas in the atmosphere, such as carbon dioxide, methane, water vapor, an
ozone that absorbs solaatreflected by the surface of the Earth,

warming the atmosphere.

Environment where an organism lives throughout the year or for shorter
periods of time.

Process usually used to extract oil and natural gashimogkgcare

fractured by injecting water, chemicals, and sand at high pressure. Also
called fracking.

Energy generated by moving water converted to electricity. Also known as
hydroelectricity.

(KWh) unit of energy equal to 1,000 watt hours.

Equal to 1,000 kilowatt hours (Kwh), or 1,000 kilowatts of electricity used
continuously for one hour. One megaivattr equals one million

(1,000,000) walttioursor 3,600,000,000 joules.

Chemical compound that is the basic ingredient of natural gas.

A mathematical model that requires extensive computational resources to
study the behavior of a complex system by computdaton.

Type of fossil fuel made up mostly of the gas methane.

Energy resources that are exhaustible relative to the human life span, sucl
as gas, coal, or petroleum.

Allowingliquid and gases to pass through.

The ratio of the volume of all the pores, or holes, in an object and the
object's total mass.

Energy obtained from sources that are virtually inexhaustible and replenisl
naurally over small time scales relative to the human life span.

Resource that can replenish itself at a similar rate to its use by people.
Type of sedimentary rock.



Background Information

Electricity is generatédm many different sources. Most methods of generating electricity involve water. Coal, natural ge
biomass, and oil are burned to generate heat. The chemical energy stored in the bonds is turned into heat energy. Nuc
power heats water as a reduditomic decay. The heat energy is used to heat water, which is turned to steam, which turns
turbines. Thus, the heat energy is turned into mechanical energy. The mechanical energy spins the turbines, and the s
action of the copper wire generatestgtity. Thus, the chemical energy in the bonds of coal, natural gas, biomass, and oil
and the nuclear energy in uranium is turned into heat energy, mechanical energy, and finally electrical energy that can
through power wires into houses to do whirkhe house, the electrical energy is transformed again to power electrical
devices.

In hydropower and wind operations, the water and wind turn the turbineidaddysformation of mechanical energy into
electrical energy as the spinning turl@nergtes electricity. Solar energy can be used to generate electricity in two differer
ways. One way involves heating water to spin a turbine. The other way, commonly seen on rooftops, involves direct
generation of electricity. The solar energy movesm$ean a silicon panel, turning light energy into electrical energy in a
single step.

The demand for electricity has increased. More people around the world are gaining access to electricity. The energy s
for electricity generation in the Uniftdtes changed between 2001 and 2011. The amount of natural gas used to generat
electricity has increased, while coal use has declined. More renewable energy sources are being used.

Geologists find oil and natural gas deposits by reading the hisiempaks. Oil and natural gas are formed when organic
material is compacted and heated over long periods of time. Water provides a lot of pressure to pack organic materials
formations that can eventually produce oil and gas. Therefore, geoladmtaiteas that were once covered by water.

Sedimentary rocks are formed when many layers of sediments are compacted together; sedimentary rocks form under
bodies of water. Since Earth's continents are continually moving and areas that weesethibg water may no longer be
covered by water, geologists look for sedimentary rocks with high organic matter content.

Shale is a tightly packed sedimentary rock. The shale is very porous, but it is not very permeable. This alloaddhe shale
alot of oil/natural gas but makes it difficult to remove the oil/natural gas from the shale. Recent technologies have madk
possible to extract the oil and natural gas trapped in deep shale formations.

Hydraulic fracturing increases the permeabilitye afhale by forcing open the natural cracks in the shale. Water or other
fluids, such as propane, are pumped into wells, cracking open the natural fissures in the rock. The fractures gre kept of
use of proppants, such as sand. Prepased fractung is still in experimental stages, but it offers several advantages over
waterbased fracturing. Natural gas and associated oil is soluble in propane, so well production can be greater-with a pr
based fracturing. Propane can also be more competeigred from the well so that it can be used to fracture other wells.
The major downside is cost, as propane is more expensive than water. But in areas where water is scarce, propane ms
relatively cheaper than water.

Every electricitgeneratingesource has costs and benefits. All elecg@igrating sources have negative effects on the
environment. Each electriegfgnerating source also has some benefits. Resources can be compared based on their
geographical abundance, energy densitys effiewater quality, effects on air quality, and the amount of land needed for
extraction and generation.

The extraction of natural gas from shale has the potential to contaminate groundwater. The casings around the pipe co
leak, releasing methane itte aquifer. The pool of waste fracking fluid could leak, releasing contaminated water into the

aquifer. Beyond the effects on groundwater quality, using water to hydraulically fracture natural gas wells could lead to
shortage of water, dependinganthar eads c¢l i mate. There are other negat

shale gd@isfrom releasing greenhouse gases into the atmosphere to releasing volatile organic compounds that can resul
smog and poor air quality.

Much of the gemated electricity is lost before it can ever do any useful work. These losses are called conversion losses
addition to the losses inherent in converting between different forms of energy, much of the energy is lost during
transmission. Generating aiedy closer to where it will be used reduces the amount of transmission losses.
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But there are also benefits to using natural gas for generating electricity. Natural gas is abundant and inexpensive, and
releases fewer greenhouse gases into the faneddian burning coal. Extracting natural gas has less impact on human
health than mining for coal or nuclear fuels.

The demand for electricity has increased. Using less electricity and using electricity more efficiently can mitivaize the n:
effect of resource extraction and generation on the environment and human health. Using more efficient electrical devi
ensures that more of the electricity is used for useful purposes, rather than being lost as waste heat. One natable exan
lightingjincandescent bulbs get very hot when they are on. LED lighting remains cool to the touch. This is because the |
are more efficient at providing light. The incandescent bulbs provide light, but a large amount of the electricésatesed to c
t hem osst 60 a si eledrizity tha was nogaple to be used for the primary purpose of providing light.

© geology.com

GAS/SOURCE ROCK
(SHALE, COALBED METHANE)
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Lesson A- Vocabulary and Topic Discussion

0 View the pie chartsund in this lessolectricity is generated in the US by many different sources.
T Di scussion Questions: How did the USO6s usage of
of nucl ear power change bet ween 20 0Hhangs betiveeh @Q0D11 ? I
and 20117 In this chapter, you will be exploring how electricity is produced in the 50 states.
A Science is a process of | earning how the wor |
when they start to investigate a tjoies
A View thechartand answer the Lesson Questions.

Power System Load and Load Forecast Error
100% - over 24 hours (by minute)

90% - — Power System Load
—— Load Forecast Error

80% =

70%

60% =

50%

40% =

30% -

% System Load and Forecast Error

S
&

,\“L 4\%

Minutes

I LQ 1: Did the scientists forecast the power demand exactly?
1 LQ 2: Why do you think scientists did not accurately predict the forecast load?

A Throughout this lesson, you will be asked questions ladaettainty of your predictions. You should
think about what scientific data are available as you assess your certainty. ldentifying scientific data
huge step in getting a more accurate prediction.

A Pretest for Energy Less(make sure you log in)

Lesson B- Electricity Sources and Challenges

1 Activity #1- ElectricitySources and Challengd#odule 45 (Make sure you log in)
A LQ 3: How is electricity generated from coal, natural gas, and biomass?
A LQ 4: What energy transformations happen once electricity arrives at your home?
A LQ 5: Why isndt electricity demand constant?
A LQ 6: What sources are used to generate electricity in your state?

1 Complete the Content Questions:

A CQ 1: What energy conversion happen to generate electricity from coal?
A CQ 2: What energy conversion happen in your home?
A CQ 3: How did electricity genévatchange in the United States from 2001 to 20117?
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Lesson C- Homework Assignment

1 Remind me to print the page to complete the assignment

1 Use thdnteractive Mago locate the sources in your state as well as another state of your choice. Be sure to
describe the increase or decrease in sources over the years differences as shown on the map. Use the atta

worksheet to complete this assignment.

State #1 _ Arkansas . State #1 _ Arkansas . State # 2 State # 2
Year Year Year Year
Source 1 Source 1 Source 1 Source 1
Source 2 Source 2 Source 2 Source 2
Source 3 Source 3 Source 3 Source 3
Source 4 Source 4 Source 4 Source 4
Written Analysis
I n your own words, describe the change in primary

electricity generate might change in the future? Explain.

Questions to Answer

1. What was the primary source for each state in 2001?

2. According to the data, did the primary source change in 20117

3. Opinion questions: Of the sources used, which one do you believd e a s t
Explain.
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Lesson D- Extracting Gas from Shale

The United States has produced natural gas commercially for over Miewehesfollowingsraphicprovided by
National Geographic.

0 Answer the following Lesson Questions
A LQ 7: How has the production of natural gasgewhsince 19507
A LQ 8: From where has the most recent increase in natural gas come?

Recent technologies have made it possible to extract natural gas from deep underground shale formations. In this c
you will be using models to explore how natusdasgaleased from shaleew the following crossectionagiraphido

better understand how shale is located. Marcellus Shale contains natural gas. You can see exampleseaftaicigntists
in knowing how deep or how thick the shale layers are in some areas.

A LQ 9: Is it possible to drill at the same depth to reach the Marcellus Shale?
A LQ 10: How do you think scientists know where to drill to reach the shale layer?

Lesson D- Extracting Gas from Shale (Cont.)

Scientists use computational models, such as weather forecasting, to predict the locations and quantities of natural
deposits. You can get an idea of such models by viewiimds thfithe NOAA NWS mapGeophysicists use physical
characteristics such as magnetic and gravitational properties to guess the type and shape of subsurface rocks. Scit
technologies to model and visualize layers below the susfa@tist see. Scientists test their models by drilling and
sampling.

9 Activity # 20 Extracting Gas from Sh@&dodule 45 (Make sure you log in)

A LQ 11: How does naturghs filled shale form?

1 Use theHydraulic Fracturing Modtel answer the next questions
A LQ 12: Why do é@ssnatdal gaswitlkolt being feattzead® e
A LQ 13: What happens to the water that is used during the hydraulic fracturing process?
A LQ 14: Can you predict the shape of a shale formation from a single point?
A LQ 15: Why does the natural gas output of a veihe@ever time?

1 Complete the content questions
A CQ 4: How is shale formed?
A CQ 5: Why does some shale contain oil and/or natural gas while other types of shale do not?
A CQ 6: Why does shale have to be fractured to release the trapped natural gas?
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Lesson E- Evaluating Natural Gas

All electricity generating sources have an effect on the environment. Discussion questions: What kinds of effects ca
extraction and use of the energy resources have on the environment? In this lessoxplpoe thi#l eosts and benefits
of using shale gas as an electgeitgrating resource.

1 Activity # 38 Evaluating Natural GaModule 45
T Answer the Lesson Questions
A LQ 16: Is there an advantage for natural gas over coal?
A LQ 17: How does drilling for natural gas affect the land?
9 For the next questions, use lthelraulic Fracturing Model 3
A LQ 18: How can drilling for natural gas affect the aquifer?
A LQ 19: Is there a difference between using water and using propane to fracture the well?
A LQ 20: Can you predict when a leak will happen in the casing or in tetoveatepool?
T Answer the Content Questions
A CQ 7: How can the water table be contaminated by shale gas extraction?
A CQ 8: What precautions can be taken to prevent ground water contamination?
A CQ 9: What are some benefits of extracting shale gas fmitglgetmeration?

Lesson F- Evaluating Other Sources of Energy

In this |l esson, we wil!/ di scuss the theory oOtragedy
rational |l y ac c ointeréstnbghate conteay o kthe ot e @ rs o -temdeakt idtecestgby depleting
some common resource. o6 For exampl e, a common area i

and eventually, the grass is all gone.

9 Discussion Questions:
1 Could people have pretdid that the cattle would eat all of the grass?
1 Do you think it is possible to know in advance how much of a resource there is?
T Do you think it is possible to know in advance I
1 Activity # 49 Evaluating Other Energy Sourdddodule 45
T  Answer the Lesson Questions
A LQ 21: Which electricityenerating sources have the lowest effect on global warming?
A LQ 22:Which electricitgenerating sources have effects on the water supply?
A LQ 23: What is the effect of renewable energy sources?
A LQ 24: Which electricity generating source is most abundant in your area? You rifiag i@viglic
of the US to recall your state electrigpiiyerating sources
1 Answer the Content Questions
A CQ 10:Why is the location of a resource important in its usefulness as an ajeciiciting source?
A CQ 11: Why ishe abundance of a resource important to its usefulness as an €eogieciting
source?
A CQ 12: Which electriciggenerating sources emit greenhouse gases?
A CQ 13: What are the benefits of using renewable resources for electricity generation?
A CQ 14:What effects do different electrigignerating sources have on water supply and quality?
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Lesson G- Energy Efficiency

View the following=low Graph

Not all electricity that is generated makes it to homes and businesses. Discussion questions: How much of the electrici
lost? Where does the lost energy go? How do you think the amount of electricity losses can be minimized? Why are the
transmissioand delivery losses from the generated electricity?

1 Activity # 50 Energy Efficiency Module 45Make sure you log in)
1 Answer the Lesson Questions
A LQ 25: During what season is electricity usage the highest?
LQ 26: How could people use electricity reffieiently in the summer?
LQ 27: How can schools be made more efficient?
LQ 28: How does energy efficiency affect the electrical grid?
LQ 29: Is it better for the environment to put solar panels on your roof or be more energy efficient?
LQ 30: What dgou think the energy mix for electricity generation will be in the fxptain.
T Answer the Content Questions:
A CQ 15: How can electricity losses be minimized?
A CQ 16: How can buildings be made more energy efficient?
A CQ 17: What can you do to avoiddieg to build new power plants in your state?

> > > > >

Lesson Hi Post-Test for Energy Lesson

(Make sure you log in)

Between 1975 and 20Q&klahoma only had an average of 6 earthquakes a year. In one year, they had over 200. Do you
fracking is the cause of the earthquakes?
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Chapter Graphics

Electricity Generation, United States

2001 2003

Total=3.73664E+09 Totak3 85845E+09 Total=3.88319E409

Total=3 97055E409 Totalkd 05542E+09 Total=4 0647 E+03

2007

Totalsd 1567 5E+09 Totalkd 11939E+09 Total=3.95033E409

2010 2011 B Coal

Bl Petroleum

] Natural Gas

] Other Gas

Bl Nuclear

Bl Hydro & Pumped Storage
Bl oOther

[ Other Renewables

Total=d 12506E409 Totalked 10066 E+09
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Lesson Overview and SchedulModule TotaR25 minutes

Chapter 2 - Vocabulary

Term Part of Speech Definition

Absorb Verb to soak up.

Albedo Noun scientific measurement of the amount of sunlight that is reflected by a
surface.

Annual Adjective yearly.

Atmosphere Noun layerof gases surrounding a planet or other celestial body.

Carbon dioxide Noun greenhouse gas produced by animals during respiration and used by plan
during photosynthesis. Carbon dioxide is also the byproduct of burning
fossil fuels.

Climae Noun all weather conditions for a given location over a period of time.

Emit Verb to give off or send out.

Error bar Noun visual representation used in graphs to indicate the uncertainty in a
measurement.

Glacier Noun mass of icéhat moves slowly over land.

Greenhouse effect  Noun phenomenon where gases allow sunlight to enter Earth's atmosphere but

make it difficult for heat to escape.

Greenhouse gas Noun gas in the atmosphere, such as carbon dioxide, methane, waterdsapor, a
ozone, that absorbs solar heat reflected by the surface of the Earth,
warming the atmosphere.

Ice age Noun long period of cold climate where glaciers cover large parts of the Earth.
The last ice age peaked about 20,000 yeafdsagcalled glacial age.

Ice core Noun sample of ice taken to demonstrate changes in climate over many years.

Infrared radiation Noun part of the electromagnetic spectrum with wavelengths longer than visible

Model, computational Noun

Parts per million (ppmPlural Noun

Radiation
Running mean

Sink
Solubility
Source
obtained.
System

Temperature

Variable
Water vapor
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Noun
Noun

Noun
Noun
Noun
Noun

Noun

Noun
Noun

light but shorter than microwaves
a mathematical model that requires extensive computational resources to
study the behavior of a complex system by computer simulation.

A unit of measure of the amount of dissoladidsin a solution in terms

of a ratio between the number of parts of solids to a million parts of total
volume.

energy, emitted as waves or particles, radiating outward from a source.
calculation thadnalyzes data by creating a series of averages of different
groups of a whole data set. Also called a moving mean, rolling mean, or
moving average.

part of a physical system that absorbs some form of matter or energy.
ability of a substance to be dissolved or liquified.

anyplace or thingr place from which something comes, arises, or is

collection of items or organisms that are linked and related, functioning as
whole.

degree of hotness or coldness measured by a thermometer with a numeric
scale.

piece of data that can change.

molecules of liquid water suspended in the air.



Background

Earth'sclimate is continually changing. Earth has been covered in ice (snowball Earth) at some points during its existen
while at other times Earth has beedree Earth is in a warming period now, due in part to enhance human emissions of
greenhouse gasséGreenhouse gases, such as carbon dioxide, methane, and water, trap heat in the atmosphere by ab:
heat energy emitted from the surface.)

Scientists use past and current temperature data to develop climate models to predict how warmghegaanet mi
Scientists use ancient sediments and ice cores to measure past temperatures. They put these data into sophisticated
computational models to make predictions about the future.

When scientists can accurately predict past climates with thearid@iggorithms, they can be surer that their models will
be able to correctly predict future climates. There are many different factors that can affect Earth's atmosphere and
temperature, and scientists continually update their models to reflect ashesmynteractions as they can.

Computational models are used to explore phenomena that are too large, too small, too quick, or too slow to observe
otherwise. The computational models with which you may be familiar are used for forecasting useather asen
hurricanes. Scientists are more confident in the output of their models when they can input a lot of data. Other scientist
check their models against what happens in reality; when the model accurately reflects what happens in seaityhecienti
more confident in their models.

Greenhouse gases warm the atmosphere by trapping outgoing heat (infrared) radiation. Sunlight brings visible (and ult
and infrared) light to Earth. The radiation can be absorbed by Earth's surfeae perrieitected back into space. The
radiation that is absorbed heats molecules in Earth's surfaces. This heat energy, or infrared radiation, is radiated back
towards space. The infrared energy can be absorbegt ittt by greenhouse gases iattinesphere. This absorption

and reemission keeps heat trapped in the atmosphere for longer periods of time, leading to an increased atmospheric
temperature.

Like all matter, carbon cycles throughout the Earth system. Carbon dioxide is releasatchiogpltieee from rocks as they
weather. It is taken up by plants and incorporated into proteins, carbohydrates, and fats. It is released wheniogganisms
and it is released when fossil fuels are burned. Carbon dioxide is removed from the ath@sphdisselves into the

ocean.

The oceanic uptake of carbon dioxide is tempegdpendent. Carbon dioxide, like all gasses, is less soluble in water as tt
water temperature warms. So as Earth warms, the oceans are less able to remove cdrbontt@zimieosphere. At the
same time, the increased temperature resulting from increased levels of atmospheric carbon dioxide causes water to e
from the ocean surface. Water vapor is a powerful greenhouse gas. With increased water vapsphetihe the

temperature increases ever more. The relationship between atmospheric carbon dioxide and water vapor is a type of p
feedbac#ian increase in one leads to an increase in the other, leading to a continual increase in temperature.

Solarradiation consists of visible light, infrared radiation (heat), and ultraviolet radiation. When solar radiation encountelr
Earth's atmosphere and surface, it can be reflected (sent back into space) or absorbed. Energy that is absorbed becon
in Earths surface. This heat can beadiated into space. Ligitlored surfaces reflect more solar energy thanalar&d
surfaces. Infrared radiation is emitted by Earth's surface. Instead of the infrared radiation being allowed to exit Earth's
atmospherento space, greenhouse gases absorb it-amit i keeping more heat in the atmosphere. Greenhouse gases
include carbon dioxide, methane, and water.

Clouds can have a cooling effect or a warming effect, depending on their makeup and positiorsphtre atighevel

clouds have a net cooling effect as they block incoming solar radiatienelLoluds have a net warming effect as they
prevent infrared radiation from escaping into space
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Lessonl T Vocabulary words and Topic Discussion

1 LQ 1: What are some examples of climates?
1 LQ 2:What factors determine a region's climate?
1 LQ 3:Has Earth always had the same climates as it has today?

LessonJ T Pretest

(Be sure to log in)
The Role of Uncertainty in the scientific process

Siencé s a process of | earning how the world works and
investigagtequesti on. The graphs bel ow wil/l s how vy o e fodowiagnp | e
graph showseveral different models of forecast temperature chdisyethe Graphand answer the following Question

1 LQ 4:Why is there more variationaf@er spread) between the models at later dates than at closer dates?

The ability to better predict ndarm events occurs in hurricane and tropical storm forecasting as well. The cone in the
following graph shows the scientists' uncertainty in thetrekstorm, just as the climate models show the scientists'
uncertainty in how much Earth's temperature will change in the future. \Geaptiend answer the following Question

1 LQ 5 When arsscientists most confident in their predictions?

LessonK iEart hés Changing Climate

I Activty#1-Ear t hés Ch aModule4b(besure tolag on)
1 Greenhousgases cause a warming of Earth's atmosphere.
T LQ 6: List several greenhouse gases and hypot hes

Global Land—Ocean Temperature Index

—=— Annual Mean
P ——— 5—year Running Mean

Temperature Anomaly (°C)

1880 1900 1920 1940 1960 1980 2000
Average temperature change, compared to 1950-1980 baseline, from 1880 to 2010

NASA Goddard institute for Space Sfudies
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http://thinkprogress.org/wp-content/uploads/2012/10/Screen-shot-2012-10-05-at-3.25.12-PM.png
http://www.nhc.noaa.gov/aboutcone.shtml
http://authoring.concord.org/sequences/47/activities/278?show_index=true

1 View the following graphs and discuss

1

=A =4 =8 =9

LQ 7: Why don't you see the temperature trend from the first grapt2(1®3@presented on the second graph
(Vostok ice core)?
LQ 8: How are ice ages represented on the Vostok ice core graph?
LQ 9: What is the average temperature difference between glacial and interglacial periods?
LQ 10 How long (in thousands of years) didkié to go from glacial periods to interglacial periods?
LQ 11 How do these changes compare to the time scale for the most recent (current) warming trend?
1LQ 12 Why do you think
Vostok Ice Core Data: Age vs Temperature scientists think the warming of the
20th century cannot be explained

0

8 -4

8

temperature (degrees C) compared to modern average
10 2 2

by thenatural variability seen over
geologic time?

9 Concept Questions

1 CQ 1:How has Earth's average
temperature changed over the past
400,000 years?

9 CQ 2:How do scientists
determine what the temperature
was 400,000 years ago?

9 CQ 3:What makes scientists

more caofident in their predictions
50,000 100,000 150,000 200,000 250,000 300,000 350,000 “00,000 450,000 .
age (years before present) Of fUtUI’e Cllmates')

Temperature change, measured from dissolved gases. Vostok Ice Core.

Watch this video which di sWauscshe st hd Isc ev i Qaelov iarbgodut 0 Gl
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https://www.youtube.com/watch?v=WXLiyYztVsk
http://www.hulu.com/watch/263946

LessonL T The Role of Systems in Climate Science

Forecasting what will happen in Earth's clisystiem is a complicated process because there are many different interactin
parts. Scientists think about how one part of the system can affect other parts of tiReaystieefollowing scenario for
discussior©n an island, there is a populationogket and a population of rabbits. The foxes prey on the rabbits.

1 When there are a lot of rabbits, what will happen to the fox population?

T What happens to the fox population when theydve
1 What happens to the amount of grass wlefox population is high?

T I'f there is a drought and the grass doesndt grov

Humans introduce dogs to the island. The dogs compete with the foxes over the rabbit food supply.

1 What will happeto the populations of foxes, rabbits, and grass after the dogs are introduced?

1 These simple causHect relationships can expand into more complex system relati¥ioshipi be
exploring causeffect and system feedback relationships between castida dind water vapor in this activity.
Think about how each piece of the system affects other pieces of the system.

I nteracti ons wi tQCoinputatiBrelrmodeld are uded bysceptiste all ever the world to better predict
weather patterndjroate changes and other weatbkted phenomenon.

9 Graph for Discussion
1 Understand that:

A Scientists use information about the past to build their climate models.

A Scientists test their climatedels by using them to forecast past climates.

A When scientists can accurately forecast past climates, they can be more confident about using their

models to predict future climates.

1 Interactive Iltems for DiscussiofModel 1 & (Model 2
9 Activity #28 Interactions within the Atmosph&™Module 45be sure to log in)

LessonL i The Role of Systems in Climate Science (cont.)

1 Answer the following questions
1 LQ 13: What do models help you visualize?
1 LQ 14: What arthe similarities and differences between the Earth SystenfNimiiz|) and the Molecular

Model Model 3?
1 LQ 15: What are the limitations of the models in this activity?

1 LQ 16: Based on these models, what is the relationship between atntaspberitoxide and temperature?
1 View theKeeling Curve (Full Mauna Loa {R&cord)

1 LQ 17: Why do you think the carbon dioxide level fluctuates so regularly?

1 LQ 18: Based on the Kag Curve, what do you expect the temperature of Earth to do?

1 Concept Questions
o0 CQ4:What two things can happen to solar radiation as it enters Earth's atmosphere?
0 CQ 5:Which type of solar radiation is absorbed by greenhouse gases?
o CQ 6:What is thégongterm trend of carbon dioxide concentration in the atmosphere and global temperature?
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http://www.nws.noaa.gov/outlook_tab.php
http://resources.models.concord.org/agentscript/global-climate/global-climate-2.html
http://lab.concord.org/embeddable.html#interactives/sam/light-matter/sun-on-ground.json
http://authoring.concord.org/sequences/47/activities/279?show_index=true
http://resources.models.concord.org/agentscript/global-climate/global-climate-2.html
http://lab.concord.org/embeddable.html#interactives/sam/light-matter/sun-on-ground.json
http://www.esrl.noaa.gov/gmd/ccgg/trends/#mlo_full

Lesson M- Homework Activity

Use the following graph to create your own records of the precipitation and temperature fo¥ounveteaso select an
arearom another continenfl will printtheseor you, just tell me when you needYigu will need to gather the data you will
need for this assignment. Due TODAY!

Information for HW Assignment

Earthoés surface i s a pagnothhandom.Khem fs ancotder to @limateszpned Qlimate isinet the
same as weather. Weather is the day to day, even hour
term average of atmospheric conditions at a particular plageon B 6 s sur f ac e.

Certain factors interact to determine the climate of a particular place: latitude, elevation, prevailing winds,spcean curren
landforms, and location relative to water.

Instructions:

1. Examine the graph below. Notice the left axis spi@gmpitation in millimeters and the right axis shows temperature
in degrees Celsius; and the base identifies a column for each monyteof thek at the sample graph. Notice that
precipitation is represented by bars and temperature is represemeihisyconnected with a line. The color used
relates to the climate zone in which the location is found.

2. UsetheNOAAsi te t o determi ne t he c oltgmph. Usdthesanmk siteaforyaud s ¢

second graph/location

Access the interntd locate data for our area as well as the second graph/location

After you have constructed your graph, be sure to label the stiatiaite absolute location, and elevation of the

cities you have documented.

5. Answer the following questionstbe back offour HW paper:

a. What climate characteristics does each location have? How are they similar? How are they different?
b. How do factors such as latitude, elevation, prevailing winds, ocean currents, landforms and location rela
to water help explain these similarities?

w

E

Climate: Kano, Nigeria 12N, 9 E
9 Elevation: 467 m
Trop. Savanna
400
+ 35
20 "N
+ 25
300 T T
- i 15
£ 250 A -
£ @
a 200 4 _g
o —
£ 150 4 T-52
100 - T =19
50 + -25
C t t t 1 P r— 1 1 1 t -35
Jan  Mar  mMay Jul sep Nov
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http://www.srh.noaa.gov/jetstream/global/climate_max.htm
http://www.worldclimate.com/
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Lesson N- Sources, Sinks and Feedback

Matter

cycles throughout Earthds system and matter i

9 Discussion Questions: What are some sources of carbon dioxide? Where is carbon stored when it is not carbor
dioxide? Where does carbon dioxide goiafte6 s r el eased i nto the atmospher

1 Activity #308 Sources, Sinks and Feed@Module 45be sure to log in)
1 Look at the chart to the left and answer the

guestion. .

1 LQ 19: Is thera source that does not act - O ~ Atmosphere L\'ﬁl
as a sink? @ — D

1 LQ 20: What is the effect of water vapor i co, |
temperature?

1 Concept Questions

CQ 7:How is the solubility of carbon
dioxide affected by temperature?
CQ 8:How do atmospheric carbon dioxid
levels affect ocean temperatu

CQ 9:What is the effect of water vapor o
temperature?

CQ 10:How does the relationship betwes
carbon dioxide and water vapecome
consi

1

1

dered oOpositive feedback relationship?é

Lesson Oi Feedbacks of Ice and Clouds

Viewthesephotos to compare Bear Glacier and glacial meltiai§9and2005

Some surfaces reflect light more ththare and that more reflective surfaces have higher albedo.

Discussion Questions: Which photo shows surfaces with higher albedo? Which photo shows surfaces that would absol
most solar radiation? Why does a-daldred surface feel much hotter théigtscolored surface in the sunshine?

A Activity #4 8 Feedbacks of Ice and Clod@odule 45 (be sure to log in)
1 Answer the following questions:

(0)
(0)

(0]
(0]
(0]

LQ 21: What is the atlonship between ice cover and temperature?

LQ 22: In the model of the Earth system with cloMdsl€l 7, how did clouds affect the
temperature?

LQ 23: Is Model 7 realistic?

LQ 24: What would happen to ice cover if greenhouse gas concentrations increase?

LQ 25: Is the feedback of the relationship between clouds and temperature positive or negative?
Explain.

1 Answer the Concept Questions

(0]
(0]
(0]
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CQ 11: Howdo ice, snow, and clouds affect temperature?

CQ 12: Why is it colder on clear nights than on cloudy nights?

CQ 13: If the sea ice melts, how might that affect global temperature and the atmospheric
concentrations of carbon dioxide and water vapor?


http://authoring.concord.org/sequences/47/activities/280
http://nsidc.org/cgi-bin/gpd_deliver_jpg.pl?bear1909072002
http://nsidc.org/cgi-bin/gpd_deliver_jpg.pl?bear2005000003
http://authoring.concord.org/sequences/47/activities/281?show_index=true
http://resources.models.concord.org/agentscript/global-climate/global-climate-7.html

Leson P - Using Models to make Predictions

Today, you will be investigating how much greenhouse gas concentrations need to be reduced to prevent major warmil
Earthoés atmosphere. Di scussi on questi ons :doedlmevevetdod gr e
carbon dioxide in the atmosphere affect the | evel of
affect temperature? What is the relationship between water vapor and clouds?

1 Activity #58 Using Models to Make Predictid™odule 45 (be sure to log in)
A Answer the following questions:
1 LQ 26: Are models necessary to understand climate change?
1 LQ 27: How ca you tell that the results from a climate model are valid?
1 LQ 28: In thekarth System Modelpdel §, how much of a decrease in greenhouse gas emissioreeded
to keep the temperature from rising too much?
A Answer the following content questions:
1T CQ 14: What is the relationship between greenhot
1 CQ 15: Why does the temperature not decrease immediately afteugeegas emissions decline?
1 CQ 16: Why do scientists think the warming of the@ttury cannot be explained by natural variability?

Lesson Q- Posttest
(Be sure to log in)

P
\

Love your environment

...be proud of it.
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http://authoring.concord.org/sequences/47/activities/282?show_index=true
http://resources.models.concord.org/agentscript/global-climate/global-climate-8.html

