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1. Refer to the graph shown above. Which of the
following is a plausible explanation of why levels of
CO, start to decrease in the spring and start to
increase in the winter?

A. People use more energy in the winter releasing more

CO, in the air.

B. Plants release more CO, in the winter than in the

spring. 320

C. People drive less in the spring.

D. Both A and B are plausible explanations.
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Carbon dioxide concentration (ppmv)

2. Coal is a major contributor of greenhouse gasses
because it produces carbon dioxide when burned. The
main use of coal in the USA today is for . ..

a. generating electricity  b. grilling burgers

c. fuel for trains  d. to burn waste

3. Which two atmospheric layers increase temperature with
increased elevation?

4. Which two atmospheric layers decrease temperature
with increased elevation?

- | Atmospheric Carbon Dioxide

Measured at Mauna Loa, Hawaii
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Content Objective: Compile evidence and
reasoning into an explanation for how
humans have impacted climate.

Objectives

Language Objective: Combine multiple
sources of evidence and reasoning into an
explanation.




Essential

Question:

*What is the major

trend in Earth's
temperature data
and what is
causing that to
happen?
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Claim-Evidence-Reasoning Explanation Tool Scaffold

Essential Question

What is the majer trend in Earth's temperature data and what is |
causing that to happen?

'Evidence from data and observations | Reasoning: Science Ideas and concepts you |
Evidence sources: learned for support, or explaining why your
lab results, graphs evidence relates to the question.

Reasoning sources:
Videos, bell ringers, notes, lab background



Evidence:
scientific data
CUERINEE

or
qualitative)
that supports
the claim.

Cites specific data (e.g. When the
water was 25°C, it took 15 seconds
for the tablet to dissolve.)

Describes trends in the data (e.g.
As the temperature of the water
increased, the time to dissolve
decreased.)

Compares and contrasts data (e.g.

The tablet took 10 seconds longer
to dissolve in the 25°C water than
in the 50°C water.)



Reasoning: a
justification
that connects

the evidence
to the claim.

Clearly connects back to the claim(e.g. The atmospheric condition
that absorbed radiation and re-emitted it to the surface increased
temperature more, showing an atmospheric condition with more
greenhouse gasses will have a higher temperature. )




Claim A claim
IS a statement

that answers
the original
guestion.




Rubric

Shoot for
at least

Meeting

Standards

Read
through
the list.
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1.

Click the PDF above and
open the article about
climate change impacts in
Montana from the United
States Environmental
Protection Agency
Identify two impacts that
we have and will
experience.

How should we prepare for
or react to those impacts?

Montana's climate is changing. In the past century,

Heat waves are becoming more common, and snow
Is matting earfier in spring. Rising and

most of the state has warmed about two degrees (F).

August 2016
EPA 430-F-16-028

Snowpack and Glaciers
As the climata warms, less precipitabon falls as snow, and more snow
melts during winter. That decreases snowpack—the amount of snow that

recent droughts have kiled many frees by drying out
soils, increasing the risk of forest fires, or enabling
outbraaks of forest insacts. In the coming decades,
the changing climats is likely fo decrease the avail-
ability of water in Montana, affect agricultural yields,
and further increase the risk of wildfires.

The climate is changing because Earth is warming.
People have increased the amount of carbon dioxide
in the air by 40 percent since the late 1700s. Other
heal-trapping greenhouse gases are also increasing.
These gases have warmed the surface and lower
atmesphere of our planet about one degree during
the tast 50 years, Evaporation increases as the at-

rainfall, and the frequency of heavy rainstorms in
many places—but contributes to drought in others.
Greenhousz gases are also changing the world's
oceans and ice cover. Carbon dioxids reacts with
water to form carbonic acid, zo the oceans are
becoming more acidic. The surface of the ocean has
warmed about one degres during the last 80 years,
and sea level Is nising at an increasing rate, Warming
I causing snow to melt earfier in spring.

Temperature chasge ('F1:
R U os 15 5 15

Rising temperatures in the last cankay. Montana has
warmad move han most of the contiguous Unfted
States. Source: EPA, Climate Change indicalors n the
United States.

mosphere warms, which increases humidity, average

over the winter. Since the 1950s, the snowpack in Montana has.
been decreasing. Diminishing snowpack can shorten the season for skiing
and other forms of winter tourism and recreation, The tree line may shift, as
higher temperatures and a Jonger season without snow on the ground aliowr
subalpine fir and other high-altuce trees to grow t higher elevations. A
higher tree fine would decreas the extent of alpine tundra ecosystams,
which could treaten some species.

Trends in Aorl snowpsck i1 Montana, 1955—2013. The snovmack has declined af
mast manitoaing siies in Mantana. Sourcer EPA

More than one thousand glaciers cover about 26 square miles of mountains
in Montana, but that area is g in response fo rising femg

Glacker Nationad Park's glaciers receded rapidly during the last century. Sever-
al of these glaciers are lIkely to dsappear by 2030 if currant trends confinue,
Areas that are no longer covered by glaciers may stil accumulate snowpack,
but the snow will no longer remain year-round.

Fepeat photyympts of Spery Glacer in Ghcer Nofionad Paok. Saurees USG5,

-

Precipitation and Water Resources
Changing the climate iz likely o increase the demand for valer
and make it more evailable, Warmer [Bmperalures increase evapo-
ration and water use by plants. Increases in rainfall, however, are
likely to offset these losses so that soil moisture increases slightly
0T ramaing about the samea as toaay. Mora water is likely to run off
into the upper Missouri River and its iributaries.

In areas that depend on melting snow, however, fhe supply

of water is Eikely to decline. Mountain snowpacks are natural
resenvoirs that collect the snow that falls during winger and release
Wwattar when the snow melts during spring and summer. Dame
capture mattwater and retain it for usa later in the year. But
upstream of thess dams, as the snowpack declines, less water is
availabie during droughts for ecosystems, water-hased recreation,
and landowners who drawy water directly from a natural lake or
flawing river.

Agriculture

Rising temperatures and changes in rainfall are fiksty o have both
‘posifive and negalive effects on Montana's fanms and ranches,
and the net effect is unknown. Higher temperatures reduce yiekds
of wheat, but higher concenirations of carbon dioide are kely to
Increase yields by & simikar amount. Wammer and shorter winlers
may allow for a longer growing sesason, which could allow twa
crops per year instead of one in some instances. But warmer
winters may also promate the growth of weads and pests.

Rising carbon dinwide concentrations are likely to increase the
productivity of rangetands. Provided that the quality of forage does
not deterioratz, the higher range procuctivity would increase cattie
production;

Fhefighters battie the Tapor Creek biae in southeasiom Montana in
2012 Gregit Geraid Yickers, Natonal Wi Conminating Group

Forests

Longer gr andi ed carbon diokid

Trations could increase e productily of forests, bul warmer
conditions also make forests more suscephible to peste. Tempera-
ture controls the iife cycle and winter mortaiity rates of pests such
as bark bestles, which have infested millions of acres and kiled
millions of trees across the West in recent decades. With higher
winter temperatures, some pests can persist year-round, and
new pests and diseases may become established, Drought also
reduces the ability of trees to mount a defense against attacks
from bestles and other pests,

Human Health

e i e ity

‘Warmer ranches by

winter storms. During the wirtzr of 10061947, farmpke Hm
‘winds and heawy snow killed half of the newbom calves and
100,000 aduit cows in the Northemn Great Plains. But wanmer
summiers would at least partly offset the benedit of warmer win-
ters, because hot weather causes cows to eat 12ss and grow more
slowfy, and it can theeaten their health, Over the next 70 years, the
number of days above 100°F in Montana is likely to double.

Wildfires

Higgher temperatures and drought are fikely io increase fhe
severlty, frequency, and extent of wildfires in Montana, which
could harm property, livellhoods, and hurman health. On sverage,
about 2 percent of the land in the state has bumed per decads
since 1964, Wildfire smoke pollutes the air and can increase
medical visits for respiratory and heart prodlems.

ook renlior

v hat and cold days can be unheatfhy—aeven dangerous.
Certain peaple are especially vuinerable, including children, the
‘siderty, the sick, and the poor. The elderly may be particularly
mmmmmmm health problems,
incuding defy
mmmmmmmmm
18 they fach air condifioning, Pover failures due 1o Severe Weather
«can also present risks, especially in lightly populated areas where
‘access to the necessary support services may be limited. While
hese risks will increase as the tlimate becomes warmer, Binesses
and deaths due to cold weather and snow are likely to decline,
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Claim-Evidence-Reasoning Explanation Tool Scaffold

Essential Question

What is the majer trend in Earth's temperature data and what is |
causing that to happen?

'Evidence from data and observations | Reasoning: Science Ideas and concepts you |
Evidence sources: learned for support, or explaining why your
lab results, graphs evidence relates to the question.

Reasoning sources:
Videos, bell ringers, notes, lab background



Greenhouse Effect Reasoning: In-Depth




\/) SEASONAL VARIATION CONT...

'

Atmospheric CO, at Mauna Loa Observatory

*  THE PERIODIC ANNUAL FLUCTUATIONS IN THE GRAPH REFLECT o A L
SEASONAL CHANGES. | Scripps Institution of Oceanography b

NOAA Earth System Research Laboratory

380

* THE NORTHERN HEMISPHERE HAS FAR MORE LAND AREA THAN THE
SOUTHERN HEMISPHERE, AND MOST OF THE LAND AREA IN THE
SOUTHERN HEMISPHERE IS DESERT.

360

PARTS PER MILLION

340 [

* AS PLANTS IN THE NORTHERN HEMISPHERE GROW LEAVES EACH
SPRING AND SUMMER, THEY REMOVE SOME CO, FROM THE AIR
VIA PHOTOSYNTHESIS, CAUSING CO,, LEVELS TO DROP.

* THERE IS A LAG TIME FOR THIS EFFECT TO SHOW IN THE DATA, SO THE 1960 1970 1980 1990
LOWEST ANNUAL CO, CONCENTRATIONS OCCUR IN THE FALL. = source: NOAA

March 2015

320 .

* DURING NORTHERN HEMISPHERE FALL AND WINTER, PLANTS LOSE
THEIR LEAVES, AND THE DECREASE IN PHOTOSYNTHESIS CAUSES
THE CO, LEVEL TO RISE. y

V..
// TROPIC OF

* THERE IS A LAG TIME FOR THIS CHANGE TO SHOW IN THE DATA AS ‘CANCER
WELL. 0" N or s.':EQ.HAIQB

* THUS, HIGHEST CO, CONCENTRATIONS OCCUR IN MAY EACH \ momcor e R
YEAR. THIS SEASONAL FLUCTUATION IS THE NATURAL CYCLING OF A Pacifie Atiantic =
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Atmospheric CO, at Mauna Loa Observatory

-’ 400 S - I W T
| Scripps Institution of Oceanography A

"WHEN YOU VIEW MULTIPLE YEARS OF DATA TOGETHER, THE OBVIOUS Z 380F e 1
UPWARD TREND IS NOT PART OF THE NATURAL CYCLING OF CARBON g
BETWEEN THE ATMOSPHERE AND THE BIOSPHERE. % -
HUMAN ACTIVITIES ARE ALTERING THE CARBON CYCLE — BOTH BY E
ADDING MORE CO, TO THE ATMOSPHERE AND, THROUGH LAND USE % 340 1
CHANGES SUCH AS DEFORESTATION, INFLUENCING THE ABILITY OF - ]
NATURAL SINKS, LIKE FORESTS, TO REMOVE CO, FROM THE s | &
ATMOSPHERE. :

1960 1970 1980 1990 2000 2010
WHILE CO, EMISSIONS COME FROM A VARIETY OF NATURAL SOURCES, YEAR

HUMAN-RELATED EMISSIONS ARE RESPONSIBLE FOR THE INCREASE THAT
HAS OCCURRED IN THE ATMOSPHERE SINCE THE INDUSTRIAL
REVOLUTION (1760 - 1840).

source: NOAA

UNTIL THAT TIME, ATMOSPHERIC CO, HAD NOT BEEN HIGHER THAN
280 PPM. DIRECT MEASUREMENTS OF GAS BUBBLES IN ICE CORES

FROM ANTARCTICA SHOW THAT ATMOSPHERIC CO,, LEVELS DID NOT , | y' ’{" A~ "'A»
EXCEED 280 PPM DURING THE PREVIOUS 800,000 YEARS. «t gl ’II i w;“ :

‘.

Slauson Ave

s "'-'" -

THE MAIN HUMAN ACTIVITY THAT EMITS CO,, IS THE COMBUSTION OF
FOSSIL FUELS (COAL, NATURAL GAS, AND OIL) FOR ENERGY AND
TRANSPORTATION, ALTHOUGH CERTAIN INDUSTRIAL PROCESSES AND
LAND-USE CHANGES ALSO EMIT CO,,




How to Exceed Expectations

Use external research (websites)

Cite your sources of that external research

Include a rebuttal (a response to a counterargument)




* Include in your explanation a
discussion of how we know that the
increased atmospheric carbon dioxide
is caused by human burning fossil fuel
instead of other natural sources.

e Possible sources:
* https://www.esrl.noaa.gov/emd/ou

Extra Credit treach/isotopes/mixing.htm|

* https://www.valeclimateconnectio
ns.org/2018/11/isotopes-point-to-
the-culprit-behind-climate-change/

* https://cdiac.ess-
dive.lbl.gov/trends/co2/modern is
otopes.html



https://www.esrl.noaa.gov/gmd/outreach/isotopes/mixing.html
https://www.yaleclimateconnections.org/2018/11/isotopes-point-to-the-culprit-behind-climate-change/
https://cdiac.ess-dive.lbl.gov/trends/co2/modern_isotopes.html

Exit Ticket




