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Forward by H.E. Minister of Environment

o

The educational system with all its components is one of the pillars
of achieving the transformation of the green economy, because the
formation of personality and awareness is the driving force and
capable of bringing about change in tipatterns of sustainable
production and consumption and creating cadres in all disciplines
with values, ethical and scientific foundations that qualify them to
protect and efficiently manage the available natural resources
through modern technologies and as based on the minds and
national capabilities.

The partnership between the Ministry of Environment and the
Ministry of Education and Technical Education in Egypt, especially
in the field of environmental work, is extremely important, which
the whole wotd has realized that natural resources and life on
planet Earth will not be preserved without paying attention to the
role of society, especially young people, so that future generations
can deal with that complex and intertwined relationship between
humanactivities and nature.

There are many new terms that have appeared on the scene during
the past few years, such as the green economy, climate change and

biodiversity, all of which refer to achieving the national goals of sustainable development,
taking irto account the rights of future generations to natural resources and ensuring the
sustainability of their provision of the same environmental services. It is simplified and
easy for students to realize the importance of preserving them. It also required th
Ministry of Education to develop educational curricula and systems to keep pace with
global developments and national challenges through a student who understands these
issues and their repercussions and effects on his life and the importance of his role
addressing these issues and the impact of each behavior he follows on the sustainability

of life.

| expressed my happiness in producing such educational packages, which will greatly
contribute to the development of environmental affiliation in the htssand minds of new
generations, and | would like to thank the Center for the Development of Educational
Curricula, which has adopted this topic since its inception.

Her Excellency Dr. Yasmine Fouad

Minister of Environment
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The Ministry of Education and Technica
Education is constantly striving toward
developing education in Egypt an
providing distinguished community service
in all aspects of the basic education syste
including students, teachers, supporti
bodies, principls and classes. The minist
also aspires to create an enabli
environment for students and teachers t
allows them an update about the late
developments in international, regional a
national issues and participate
confronting them.

Environmentaissues are at the forefront of these issues, especially the problems related to
climate change, biodiversity and desertification. Fruitful cooperation with the Ministry of
Environment culminating in the production of three educational packages thasstius
teachers and provide them with basic information, extracurricular activities, community
based messages, and illustrations, including videos, articles, andpawgpresentations

with audio recordings regarding the aforementioned issues.

We hope through such effort, to achieve the desired goals of boosting awareness of
teachers and students about environmental problems and their solutions, and providing
information based on comprehension rather than memorizing. We hope that this will be
reflected into change in societal behavior towards preserving natural resources, reducing
pollution, and working to conserve the nature that God has endowed us with.

With my sincere thanks to everyone who contributed to these outcomes, and my best wishes
for a beter future for our dear country and our great peoples.

His ExcellencyProfessor Tarek Shawky

Minister of Education and Technical Education
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Preface

Forthe sake o& new generatiothat has the right to a decent life,

For a new generation havitige right to a fair share of thet s ¢ matunat resguécss,

For a new generatidmavingthe right to besecured againstunger, povertyilliteracy and
illness

For the sake of aew generation that has the right to breathe clean air and enjoy a clean
environment,

For newgeneration that will paydues of coexisting witlthe thoughtlessnessf previous
generation

For raisinggenerations thatill adopt the concepts of rational use of the natural resources
that God has blesseds with, and

In support for enhancing our level of compliance with rdalieral environmental
agreements,

The Capacity Building ProjedfCB3) execued by the Ministry of Environmentand
supported by the Global Environment Faci(GEF)and the United Natiori3evelopment
Program(UNDP), presentsthis effort to enhance the capabilities air teachers and
provide them with further sources of knowledge and basic informatimgarding
environmental issues, especially climate change, conservation of biologieasityiv
combating desertification and achieving environmental sustainability.

We are pleased to contribute to the effortedtablisrenvironmental awareneasd belief
within the personality of school studenisder prospective afreen transformation wiin
the Egyptian society.

May God protect our country, amaay Godbless us all.

Ahmad Wagdy

Prof. of Hydrology, Engineering, CU
Project Manager, CB3
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1 MESSAGE 1: CLIMATE AND WEATHER

1.1 Background Information

Weather Weatherdescribeglaily, weekly or monthlyconditions of the atmosphei@ a
place Atmospheric conditions consist of temperature, atmospheric préssilative
humidity, precipiation, cloud coverage and wthavhich are defined iffigure1-1

Decreasing atmospheric pressure with increasing altitude, wind formation and a weekly

3

Atmospheric Temperature

Measure of how hot or cold the atmosphere in
degrees Celsius (-C)

Relative Humidity

Amount of water vapor in air as a percentage
of the total that the air could potentially hold
at a specific temperature. Warm air tends to
hold more water than cool air.

Cloud Coverage

Clouds are made of smalll drops of condensed
water and water vapor. Clouds reflect sunlight
and therefore affect the amount of sunlight
the Earth’s surface receives.

b,

s

Precipitation

Amount of water ‘falling’ from clouds as rain
or snow and measured in millimeters. Clouds in
the atmosphere contcin and accumulate
water vapor; when the clouds cannot hold
more water (at relative humidity 100%), excess
water will precipitate as rain or snow.

Atmospheric Pressure

Weight of the air over land, sea, or any point

in air and is measured in ‘atmosphere’ (atm) .
Atmospheric pressure decreases with altitude
(e.g.. at the top of a mountain.)

Wind
Natural movement of air caused by the
uneven warming of the Earth and its rotation.
Lands and water bodies absorb and release
heat at different rates causing uneven air
temperatures and pressure. Wind is described
by direction and speed in meters per second.

Figure 1-1: Definitions of key components characterizing weather conditions

weather forecagor Cairo® areshown inError! Reference source not found.(a), (b), a
nd (c)respectively

20

Altitude (km)

(a)
P

8.
Mount Everest 53 vpq (p0,7.1 kPa)
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Atmospheric Pressure (kPa)

Decreasing
pressure with

altitude increase
85 km (29,035 ft)

033 atm (PO; 0.07 atm)

Average sec-level pressure
L IAKe R0, 31ak0e),

Figure1-2: (a) Atmospheric pressure with altitude ((modified from referén¢b) wind created by uneven heating

g
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(b) Wind formation
' TROPOSPHERE

Cool h

FAL

Cool Land or Water

ey
1
LA

Cairo
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(c) Weekly weather forecast

08"

Temperature Precipitation

Eartl?, and(c) weekly weather forecast for Cairo

IAn amosphererepresents the averager pressure at sea level and atl51 atm corresponds to

1,013millibars, or 760 millimeters of mercury.

2 https://www.weatherwizkids.com/weatheind.htm

3 https://weather.com/weather/today/1/30.04,31.24?par=google&temp=c

“https://flexbooks.ck12.org/cbook/ck2-middle-schootphysicatscienceflexbook
2.0/section/12.3/primary/lessonfgiressureandaltitudems-ps
5 https://iwww.youtube.com/watch?v=Z1hHynbleB8&ab_channel=chrvojeengineering
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Most weathepccus i n t he part oldsesBathmetgroulntopospherso s p her «

Climate Climatereflects the average weather conditions over a minimum of 30 years for
a specific placeOverall climate for a location in timis described based on

characteristics of thatmospher¢air), hydrospher¢oceans, seas, lakegyyosphere

(soils and rocks)and surface, and biosph€iiing organisms)The climate of a place,
describes what temperatures are like during different seasons, how windy it usually is, or
how much rain or snow typically fall¥he Kdppen climate classification system
categorizeslifferent climate regions on Earth based on la@getatiorinto 5 zoness

shown inFigurel-3.

Climate Zones

A B C D
Tropical or Arid or dry Warm/mild Continental E

equatorial (red, pink, and |  temperate (purple, violet, | Polar (gray)
(blue) orange) (CIEED) and light blue)

Figure 1-3: Earth climate regions based on th&Kdppen climate classification system

Climate regions categorized according toKligpen climate classification systeare
shown inFigurel-4.

90°

60°

30°

-30°

-60° |-

-90°
-180° -150° -120° -90° -60° -30° 0° 30° 60° 90° 120° 150° 180°

Figure 1-4: Koppen-Geiger climate classificationmap from 19802016

Ro |l e o fRot&ianand Brbis®angeon Climate

The sun is a majanfluencer ofweather andlimates.The amount of sunlight depends on
Eart hdés or b Earhdirclemthesr Tumie rotighly 365 days at a rate of about
108000kilometersper hour! Earth's orbit defines a nearly circulabD2plane; theecliptic.

The eccentricitywhich isa measure of the amount by whtble orbitdeviates from a circle

6 Beck, H., Zimmermann, N., McVicar, &t al.Present and future Koppdbeiger climate classification
maps at ikm resolutionSci Datab, 180214 (2018). https://doi.org/10.1038/sdata.2018.214
https://www.nature.com/articles/sdata2018214/figures/1



https://doi.org/10.1038/sdata.2018.214
https://www.nature.com/articles/sdata2018214/figures/1

varies over about00,000 yearbetween slightly more or less elliptical (0.34%.8%) as
a resul of gravitational attractions among the planetariations in eccentricity, among
other factors, result in cycles of glacial(cold) and interglacial(warm) periods.

The Earth completes a full rotation around the sun every year on a tiltedhixksresults

in different areas receiving variable sunlight over the year and in differenticlinoaes’
asshown inFigurel-5a Winter in the northern hemisphere occur®ecembewhen the

earth is in a position on the ecliptic where its axis is tilted such that the northern hemisphere
is tilted away from the sumhus in winter radiations from the sun are not perpendicular to
earthodés surface in the northern hemisphere

December N N June

Angle of the Earth's axis relative to the ecliptic vari
between 21.5 and 24.5 over a period o#1,000
years Combined effect of the Earth's tilt and i
orbital motion result in the seasonBigure 15b. ™
Greatettilt anglemeansmoretemperature difference o
between summer and wintdrilt angle of the Earth's
axis relative to the ecliptic currently at 23.5

Orbital movements known adilankovitch cyclesinduce natural changes alimate by

affecting the amount adunlightreaching Earth; the timescale of those imp#&ts the

thousands of year timescalehe three types of cycles are due to changelsershape of

Ear t h gescentricitg)i tt he angl e that Earthds axis 1is
plane(tilt angle) and the directiomf Ear t h 0 s (Welhble)as skown iFigure 1-7

(a). Earth's axis appears stable, but it actually wobbles very slowly, like a sptoping

takes Earth's aximbout 26,000 yeats complete a circular "wobble." This wobble is called

axial precession

Role of Ocearns on Climate

An ocean current is a continuous, directed movement of sea water generated by a number
of forces acting upon the watdforcesinclude wind, breaking waves, temperature and
salinity differencesThecurrent move primarily horizontally across the Earth as shown in
Error! Reference source not found.(b). The ocean absorbs and stores large amounts of e
nergy coming from the Sun dmeleases it very slowlyhichallows the oceasto stabilize

global climates resulting inm@ajor influence on weather and climaidanks to the very

high value for the specific heat of water (water warms up slowly as it acquires a large

7 https://spaceplace.nasa.gov/seasons/en/
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guantity of hat from the sun in order to raise its temperature. Alternatively, water bodies
cool down slowly during night releasing energy to surroundings).

oy ——

-

Ocean Currents: Global Winds:

In short, weather and climate are mainly characterized by conditions consisting of
temperature, moisture in the air, i.e., relative humidity, rain and snow, i.e.,
precipitation, cloud cover and sunlight, and the weight of the air, i.e., atmospheric
pressure.However, though weather and climate are related to each other, they are
different. The main difference is the timespan

8 https://www.universetoday.com/39012/milankovicycle/
9 https://serc.carleton.edu/eslabs/climate/4a.html




1.1.1 Self-check/quiz

Weatheris characterized by

a) Temperature, atmospheric pressure, wind, relative hummdityd, cloud coverage
and precipitatia (correct answer)

b) Milankovich cycles and ocean currents

c) Bothaandb

The Koppen classification categorizes Earth into  and Egypt is in the zone

a) Five zones: polar, tropical, continentéémperate, and arid/dry zones; arid/dry
(correct answer)

b) Four ®asonswinter, spring, summer and fall; tropical

c) Five zones: polar, tropical, continental, temperate, and arid/dry zones; continental

The main difference between weather and climate is

a) Climate changesn a timescale of days to veks and months
b) Weather changesn a timescale of days to weeks

c) Climate changes onlang-termscale of more than 30 years
d) Both b) and c)correct answer)

1.2 lllustrations of Concepts

Links to various material that can help engage the students and illtis&ra@ncepts of
the message are presented atlel-1.

Table 1-1: Various illustration aids for the concepts ofclimate and weather

Short description of illustration,
diagram, video, online course

The video describes the different

elements of weather and how to hitps://www.youtube.com/wa
Elements of ch?v=3pPcVxmdC3l&ab chi

measure thememperature -
weather AR TR nnel=RoseannBaney
precipitationi humidity i air pressure

T windi cloud

Concept Reference, link

http://studyjams.scholastic.ct
m/studyjams/jams/science/w
atherand-climate/weather
andclimate.htm

The videoincludes the definition of https://www.nationalgeograp
weather and climate and how this ic.org/encyclopedia/koppen

Weather and

climate affects our activities climateclassificationsystem/
https://climate.nasa.gov/blog
2949/whymilankovitch
orbital-cyclescantexplain
earthscurrentwarming/
: Definition for atmospheric pressure | hitps://scienceexplorers.com
Atmospheric . ; . :
and relationships to temperature, howto-teachkids-aboutair-
pressure . .
altitude, moisture pressure/
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https://www.youtube.com/watch?v=3pPcVxmdC3I&ab_channel=RoseannBaney
https://www.youtube.com/watch?v=3pPcVxmdC3I&ab_channel=RoseannBaney
https://www.youtube.com/watch?v=3pPcVxmdC3I&ab_channel=RoseannBaney
http://studyjams.scholastic.com/studyjams/jams/science/weather-and-climate/weather-and-climate.htm
http://studyjams.scholastic.com/studyjams/jams/science/weather-and-climate/weather-and-climate.htm
http://studyjams.scholastic.com/studyjams/jams/science/weather-and-climate/weather-and-climate.htm
http://studyjams.scholastic.com/studyjams/jams/science/weather-and-climate/weather-and-climate.htm
https://www.nationalgeographic.org/encyclopedia/koppen-climate-classification-system/
https://www.nationalgeographic.org/encyclopedia/koppen-climate-classification-system/
https://www.nationalgeographic.org/encyclopedia/koppen-climate-classification-system/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://scienceexplorers.com/how-to-teach-kids-about-air-pressure/
https://scienceexplorers.com/how-to-teach-kids-about-air-pressure/
https://scienceexplorers.com/how-to-teach-kids-about-air-pressure/

Concept

Short description of illustration,
diagram, video, online course

Reference, link

Difference between
weatherand
climate

The video explains the differences
between weather and climate and
introduces briefly the concept of
climate change
observing the climate

ar

https://climatekids.nasaov/w
eatherclimate/

Weather and
Climate

Graphical representation of weather
and climate and introduces the idea (
climate change as well as hints of

file://IC:/Users/enas.INTEGR
AL/Downloads/weather
climate poster.pdf

Why do we have
different seasons?

NASAGs role in ot

changing climate
https://spaceplace.nasa.gov/
asons/en/

Earthds tilting ¢

sun cause different weatharda
climate around the world

https://www.youtube.com/wa
ch?v=nKTB9hFH6nc&featur
e=youtu.bdfEe&ab channel;
NASAeClips

Milankovich cycles

Eart hés o rMilankogdh ¢

cycles

https://climatenasa.gov/blog/
2949/whymilankovitch
orbitalcyclescantexplain
earthscurrentwarming/

Eart hodés s

Earth orbit affect the amount of ener
that the Earth receives from the sun
and accordingly different temperature
(seasons).

https://spaceplace.nasa.gov/
asons/en/
https://www.sciencemag.orgi
news/201995/50@million-
yearsurveyearthsclimate
revealsdire-warning
humanity

Factors that affect
climate changei
Earth orbit the sun

HandsOn Activity: Reasons for the
Seasons

sdo.gsfc.nasa.gov/assets/do
Book2_resources.pdf
https://climate.ncsu.edu/eduj
omposition

1.3 Student Engagement Activities

1.3.1 Activity 1

Objective: Theobjectiveof this experiment iso measurand collect atmospheric
temperatur@very day for a month for different areas across Egypt and demonstrate
trends and variability (by day and region.)

Materials: one outdoothermometer athaccess to internet for research

Procedure:

A- Classroom activity
1. Demonstrate to students on safe and reading of a thermometer

Pwn

Select location for daily measurements
Place outdoor thermometer at the same location and at the same time everyday
Collect the reading for the outside air temperausiegTablel1-2



https://climatekids.nasa.gov/weather-climate/
https://climatekids.nasa.gov/weather-climate/
file:///C:/Users/enas.INTEGRAL/Downloads/weather-climate_poster.pdf
file:///C:/Users/enas.INTEGRAL/Downloads/weather-climate_poster.pdf
file:///C:/Users/enas.INTEGRAL/Downloads/weather-climate_poster.pdf
https://spaceplace.nasa.gov/seasons/en/
https://spaceplace.nasa.gov/seasons/en/
https://www.youtube.com/watch?v=nKTB9hFH6nc&feature=youtu.bdfEe&ab_channel=NASAeClips
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https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://spaceplace.nasa.gov/seasons/en/
https://spaceplace.nasa.gov/seasons/en/
https://www.sciencemag.org/news/2019/05/500-million-year-survey-earths-climate-reveals-dire-warning-humanity
https://www.sciencemag.org/news/2019/05/500-million-year-survey-earths-climate-reveals-dire-warning-humanity
https://www.sciencemag.org/news/2019/05/500-million-year-survey-earths-climate-reveals-dire-warning-humanity
https://www.sciencemag.org/news/2019/05/500-million-year-survey-earths-climate-reveals-dire-warning-humanity
https://www.sciencemag.org/news/2019/05/500-million-year-survey-earths-climate-reveals-dire-warning-humanity
https://climate.ncsu.edu/edu/Composition
https://climate.ncsu.edu/edu/Composition

5. Describe the presence or absence of sun, cloud, grefpitation (rain/snow
etc.)

Discussion questionsDo weather conditions vary from day to day for a specific
location? If yes, how (i.e., do temperature, sun, cloud coverage, precipitation increase,

decrease, or remain the same?)
Table 1-2: Template for reporting and comparing weather conditions

Tim | Temperature Clioue Precipitation
coverage (mm)

es/no/partial)

Location | Date

es/no/partial
(y p ) v

1.3.2 Activity 2

Objective: The objective of this exercise is to distinguish between characteristics of
weather and climate.

Materials: paper and 2 flash cardsvith information in the answered table

Procedure: Place the right flashcard in the right box of the empty table

— .Of Weather Climate
comparison
Definition
Components
Variability
Forecasting
Duration
Science
Correct answers
Point of .
comparison Weather Climate
Day-to-day condition of the .
. o | Long term and average atmospheric
_ atmosphere, and its variation over § - T
Definition . . . conditions/patterns for a specific plac
short period, ranging from minutes L
over a minimum of 30 years
days to weeks.
Day-to-day atmospheric conditions Ar\(l-:-iriaﬁeextii[rr?ct)z%he;;;tﬂ;‘aesiltrg’i dit
Components Includetemperatue, dmospheric Eunsﬁine Wi’ndt Ioes S e’eds andy’
P pressurerelativehumidity, T YPES, Sp
recipitation wind, clouds dlrectloq, fog, f_rost, and storms over
P ' long period of time




Forecasting

Hourly, daily, and weekly
measurements @tmospheric
conditions(temperature, humidity,
cloud cover, wind speed, etc.)

Measurements and analysis of
atmospheric conditions over a long
period of time (e.g., 30 years or more

Duration

Short-term: hourly, daly andweekly

Longterm: more than 30 years

Science

Meteorology

Climatology




2 MESSAGE2EARTHOS CLI MATE HI STORY

2.1 Background Information

21.1Earthés Climate History

Ear t h 0 sparsives 4.6ditlign yearsvhicharedivided into units of time called eons,

eras, periods, epochs, and higtgnease Arclehne mai n
Proterozoic, Paleozoic, Mesozoic, and Cenozoic eras as illustratéidure 2-1. The

Cenozoic Era began66 million years ago and extends to the present day.
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Figure 2-1:  E a r tchrdnslogigattione scalé®

Paleo climatologistslefine and analyz past climates and patterns through geotechnical
methods including written records several geologic featurésat go back to hundreds

and thousandsf years These historical records help humans understandit@ia r t h 6 s
climate has changeaver time why these changdsmppened, andhether theechanges

are part of tyblesor&eainducadly sumanaattivitie a |

Treerings:are used by scientists to studhs and u
field of sciences calleddendrochronologyScientists use tree rings to measure the age of

a tree andunderstand the locallimatic conditions the tregvas exposed taluring its

lifetime. During growing seasoof the treesthe trunk grown a thickedayer of new wood

called a tree ringhedifferences in the color of the wobétween the rings signify different

growth yearsEarly in the growing season, trees grow relativ@yand produce lesdense

0 http://www.geologyin.com/2016/12/lidterestingfacts-aboutgeological.html




and palewood. At the end of the growing seaspthey producelensey darker wood.
Narrow ringsmay signify poor growing conditions caused by climate stressach as
droughts Studying certain chemicals in the woodn provide information on precipitation
and temperature pattetfisFigure2-2 shows an example of a tree ring analysis.

First year growth
Rainy season
Dry season

Scar from forest
fire

Spring/early
summer growth
Late summer/fall
growth

Figure 2-2 Example of tree ringsanalysis(Source: Science negt?)

Glacial ice cores:arecore samplgethatareextractedrom an ice sheet or a high mountain
glacier that represents the annualildup of layers over the year€ores aredrilled
manually for shallow core sample or using power drills for deep core samples as shown in
Figure 2-3. Analysis of he particlesin each layemprovide information abouthe past
climatic conditionsas theyremain in the ice thousands of years lastiowingphysical
evidence okventssuch as volcanic eruptionAs the ice layers compacts over tinti@y

air bubblesare formed whicttan determine thgypes and concentratis of atmospheric
gases such as carbon dioxaled methanewhich affect climateA sample of an ice core

and preliminary analysis shown inFigure2-3.

1 https://sites.google.com/site/drnormanherr/CSE8vities/cscsinvestigations-biology/treerings-climate
12 https://www.sciencenews.org/article/tre®ry-bookexploreswhattreerings-cantell-usaboutpast
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Estimated age of the ice
(thousands of years)

PR Col core " Y D 10 15 20
drilled (2002) - 0
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Katmai eruption

(Alaska) 4 T L
(AD 1912) £
()
5 80— -
o
Vikings land in £ 100 L
North America E=
(~1000 years ago) %
I o 120 r
White River Ash
eruption (Alaska) | |
(~1200 years ago) > 140 B
Christian era begins > 160" L
(~2000 years ago) — N L
End of the last ice age 180 L
(~ 11,550 years ago) d
T T
150 100 50 0
Bottom = 188 m Annual ice layer
{age of the ice uncertain) thickness (Cm)

Figure 2-3 Ice cores extraction and analysis (srouce: climate.nasa ahthtural Resources Canada

Pollen and fossil analysis of sedimeatsdrocks: pollen grains ar@listinctive for every
plant class and acdten found preserved in sedimgii¢.g.soil, sand, and volcanic matfer

in addition to bones and remains (fossils) of human and animal spmanekin sediments
and rock formationsThereforecomposition and sedimentation ratdsangebased otocal
environmental conditionsStudying the fossils angollensindicate the typeand ageof
species that were available in the pagExample of sedient samples and some types of
pollen grains found within its different layers are presentddgare2-4.

13 https://www.britannica.com/science/fosgicord
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Figure 2-4 Left: Sediments core sample showing the deposited layers and fossils and pollens preserved in them.
Right: examples of the shapes of different pollen grains found in sediments (source: NIWA ¥

1s0

deposited layers over the years, and bones and fossils preserved in them (Source

Encyclopedia Britannica)

Earthdos At mo s p:hreerpresent Gtmasgheresis composed of 78% nitrogen

(N2), 21% oxygen(O2), Argon 0.9% and.1%trace gase¢very small amounty Trace
gasesncludecarbon dioxide (Cg), nitrous oxidegN20), methan€CHys), and 0zond0s)

among othersWater vapor isalso presenin the atmospher@arying betweer0-4%

depending on the locatioEar t héds at mo s phagvarnedverdtohisioryg;s i t i on
variationsare shown irFigure2-6. For a long period of time (more than 2.5 b years, the
earthés atmosphere was anoxic (with no Oxy
prevail . A remar k ab | mppenedvherscyaoabarteria (whigha r t h 0
are still existing)started performing photosynthesis absorbing @@l releasing as a

byproduct of its respiration to the atmosphere. Curreriels in the atmosphere were

not achieved until recently (about 500 lioih years ago)

14 https://niwa.co.nz/climate/fag/hodo-we-determinepastclimate
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Water

Atmosphere’s content (%)

2 1 Present
Eon meeemmem 20002 oooossss) pameees
Hadean Archean Proterozoic Phanerozoic

Time (billion years)

Figure 2-6: Composition of the Earth's atmosphere through geologic timé

Glacial and Interglacial CyclesOver the course of its histonEar t hédshax | i mat
undergone major changes during cycles known as glacial and interglacial periods. A glacial
period is a cold period where theresiingt hds ¢
in colder temperatures-or example, 600 and 800 million years agardyuthe Proterozoic

period, Earth underwent an ice age, where ice shreptdar regions rea@dusea level near

Egypt® (Error! Reference source not founda) An interglacial period is a warm period w

here the ice sheets shrink, leading to a wanemperatureThe Earth is currently in an
interglacial periogthe Holocene perigavhichbegan 20,000 yeaegyd’. For example54

and 48 million years ago during the Eocene permgh volcanic activity released high

amounts of C@causingE a r t h 0 sempgratordtaincreas®'%Error! Reference s

ource not foundError! Reference source not found.b).

High CO, from
volcanoes —

=7 Extending I " Iy warmer surface

O ice sheets — T . air temperatures
F Colder Earth ) AW . v (SAT)

/ AR N amseae® -~ — Warmer Earth

g 4 J\J Colby College -24 -20-16 -12 -8 4 0 4 8 122 16 20 24
e ) o December 3, 2012

SAT anomaly (°C)
Figure 2-7: Eart hés t e ny Rrateroroic anel(b)iEocene pedods

Climate andViassExtinction Events Climatic conditions define the type of species and
ecosystems thatn besustained on Eartfthe widespread, rapid, and sharp decline in the
biodiversity on Earth at a rate faster than the rate of reproduction or reconstruction of

15 http://ponce.sdsu.edu/plants_and_animals.html
Ihttps://www.climate.gov/newfeatures/climate@a/whatshottestearthseverbeen accessed 28/12/2020

" Haywood,A.M. et al. (2019). What can Palaeoclimate Modelling do for you?. Earth System Environment.
Vol (3), pp 1:18.

18 hitps://www.ncdc.noaa.gov/globalarming/earlyeoceneperiod accesed 28/12/2020

9 https://wordybirdsci.com/tag/larsenc/

13


https://www.climate.gov/news-features/climate-qa/whats-hottest-earths-ever-been
https://www.ncdc.noaa.gov/global-warming/early-eocene-period

species or ecosystenssdefined asnass extinction eventslajor climatic changes such as
the ice ages (glacial perisdand warmer periods (interglacial periods) are the primary
drivers formass extinction events species and ecosystems. In the last 540 million years,
Earth experienced to 20 mass extinction eventhe five major extinction events are
highlighted inthe sharp gikes inFigure2-8 andTable2-12°,

Late
20 Ordovician

Late

Extinction Rate
(families per million years)
=

Devonian

Permian- Cretaceous-
Triassic Tertiary
Late
Triassic

A

Paleozoic

| Mesozoic |

400

1200

Millions of Years Ago

Figure2-8: Maj or mas

Table 2-1 Description of the five major mass extinction events

s extinctiont

0

events

n

Eart hods

Extinction Description

Late Massive glaciatiotocked up

Ordovician | water in ice caps thabvered
hugeparts ofthe south polar land

440 million | mass resulting in reducing maring

years ago in | oxygen level causing wipeout of

the Paleozoiq
Era

small marine organisms.

Late
Devonian

365 million

years ago in
the Paleozoic
Era

Many tropical marine speciesd
reefbuilding creaturesvent
extinctas oxygen levels dropped
drastically, and invasive species
dominated.

Illustrative imag

es

20 https://www.nationalgeographic.com/science/article/regmction

2https://www.dummies.com/education/science/ma&ixtinctioneventsin-earthshistory/
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https://www.nationalgeographic.com/science/article/mass-extinction
https://www.dummies.com/education/science/major-extinction-events-in-earths-history/

Permian The largest mass extinction ever

Triassic in Earth's historgaused by
massive wlcanic eruptions and it
affected awide range of species,

250 million | including many vertebrate86

years ago in | percent of all marine species anc

the lae about3/4 species on land died ou

Paleozoic

Era

Late The sudderextinction ofabout80

Triassic percentf all land and marine

Jurassic species allowedinosaurs tetrive
andflourish.

210 million

years ago in

the Mesozoic
Era

Cretaceous | Most recent mass extinction

Tertiary caused by major asteroid impaci
It wiped outnon-avian dinosaurs,

65 million and betweeB0-70 percent of

years ago in | plants and animaldt is

the late considered anajor turnng point

Mesozoic in Earth's history as it markede

Era end of the Cretaceoggologic
periodand the beginning of the
Tertiary geriod.

Il n short, over the course of 4.6

bi ||

on

composition and climate have undergone various changes going from anoxic
environment to an oxygen and nitrogen rich one and from extreme cold glacial periods
to warmer interglacial periods affecting the type of life and species sustainable on

Earth; extreme changes have driven several mass extinction events

2.1.3 Self-check/ quiz

Thescal e
eras, periods, epochs, and ages is called:

t hat

captures t

exti

he

t i
nct.i

a. The Earthoés budget

b. The Earthoés geol ogi cal
c. The Earthdés mass

d. Paleoclimatology

The Ear t Inads sndergone majdr éhanges due to:

a. Glacial periods (ice age)

me
on

scal

e
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b. Mass extinction
c. Interglacial periods
d. aand c (correct answer

Mass extinctiorevents arelefined as , and have been associated with major climate
change events such as , With major events over the past 500 million years

a) the migration of animals from one continent to another, changes in global surface
temperaturgs2

b) the widespead, rapid, and sharp decline in the biodiversity on Earth at a rate faster
than the rate of reproduction or reconstruction of species or ecosystenter life
span of species

c) the widespread, rapid, and sharp decline in the biodiversity on Earttatat faster
than the rate of reproduction or reconstruction of species or ecosysteges
changes in global surface temperatubggorrect answer)

2.2 lllustrations of Concepts

Links to various material that can help engage the students and illustrebadeets of
the messagare shown ifmable2-2.

Table 2-2: Various illustration aids for the concepts ofEa r t dlihase throughout history

Short description of illustration, .
Concept . ! X Reference, link
diagram, video, online course
Ice Age Video telllng_ us interesting and mysteriot https://youtu.be/Gf_xE59hzkd
facts about ice age.
Eiig]e Tal ks about Ear t h 6| https://www.ncdc.noaa.gov/global
period years ago example of interglacial time | warming/earlyeoceneperiod
Proterozo https://www.climate.gov/news
. , Exampl e of Eart ho s|features/climat&a/whatshottest
ic Glacial
earthseverbeen
https://www.biointeractive.org/classg
Mass . . . —
R Short film explaining how dinosaurs got | conmresources/daynesozoiedied
Extinctio . . ; ;
n extinct. https://www.nationalgeographic.org
media/ageearth/
The 5- Poster https://www.biointeractive.org/sites
mass default/files/media/file/2019
extinction 08/massextinctions2015poster.pdf

2.3 Student EngagementActivities

2.3.1 Activity 1

Objective: the objective of this activity is tonderstandnd link variability inEar t h 6 s
atmospheric composition and surdatemperature, and extinction events over time

Materials: Reporting form for describing climat&igures wihin Message 2
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https://youtu.be/Gf_xE59hzk4
https://www.ncdc.noaa.gov/global-warming/early-eocene-period
https://www.ncdc.noaa.gov/global-warming/early-eocene-period
https://www.climate.gov/news-features/climate-qa/whats-hottest-earths-ever-been
https://www.climate.gov/news-features/climate-qa/whats-hottest-earths-ever-been
https://www.climate.gov/news-features/climate-qa/whats-hottest-earths-ever-been
https://www.biointeractive.org/classroom-resources/day-mesozoic-died
https://www.biointeractive.org/classroom-resources/day-mesozoic-died
https://www.nationalgeographic.org/media/age-earth/
https://www.nationalgeographic.org/media/age-earth/
https://www.biointeractive.org/sites/default/files/media/file/2019-08/mass-extinctions-2015-poster.pdf
https://www.biointeractive.org/sites/default/files/media/file/2019-08/mass-extinctions-2015-poster.pdf
https://www.biointeractive.org/sites/default/files/media/file/2019-08/mass-extinctions-2015-poster.pdf

Procedure: Divide the class into groups and each group shpkia periodand
descrile the climatein terms of top 3 most abundant gases in the atmosphere, average
surface temperature, aedtinction events, where applicaleTable2-3.

Table 2-3: Reporting form for describing climate

Period 1 Atmospheric Composition Average Mass
Era-Earth | COy, O,, N2 H,0O vapor, CHs H> | surface extinction
age and other (%) temperature events
(UC) (Yes/No)
Team | Hadean
1
Team | Archean
2
é Proterozoic
Paleozoic
Mesozoic
Cenzoic

2.3.2 Activity 2

Objective: the objectiva s t o 1 1 [l ustr at emapereventh s | ong hi

Materials: ruler, paperpencils, colored pencils/markess colored paper for each era
(blue, red, green, yellowcissorstape

Procedure
1. Divide the students intd teams each team wouldelect one era

2. Use the ruler to measure out each era
3. Divide each era according to theme and scale shown ifable2-4
4. List the major event corresponding to the time
5. Connect completed eras to anosingthper t o bui
Table 2-4: Major events in E a r tgkafogical time&?
Time Scale Major Event Era

The Present

~ 100,000 Homo Sapiens (Modern Form of Humg
ya e ‘ Species)
~22mya | 2. ‘ Grasses
~33mya | 3. ‘ First Apes
~50 mya | ‘ Eohippus (First Known Horse)
65 mya . Cenozoic Era

(eniq ur 81M)
el 310Zoua)

Dinosaurg€Extinction

First Flowering Plants
Earthworms

~ Start of the age of dinosaurs |

(pa1 ur aym)
i3 210Z0SaN

22 http://vww2.mbusd.org/staff/pware/pdf/Geological Timeline.pdf
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Time Scale Major Event Era

~330mya | 33cm Winged Insects
~380mya | 38cm First Insects
~390 mya| 39cm First Sharks

~395mya | 39.5cm Amphibians
~400mya | 40cm | Ferns

~440mya | 44cm | First Land Plants
~440mya | 44cm | First Jawed Fish
540 mya | 54cm | Paleozoic Era

~550 mya 55cm Jellyfish
~18bya 1m8cm First Eukaryotes

~ 2.4 bya 2cr:n i Significant rise in oxygen, to ~2% leve

m
~ 3.5 bya < (r:nm50 Prokaryotes (bacteria)

~ 4.6 bya e
cm

4 m 60
cm

(usaib ui
dllIM) B13 210Z03jed

Formation of Earth and Moon

(abBuelo ul a1Mm)
awl] ueuaquwedald

Precamberian Time

4.6 bya
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3 MESSAGE 3: HEAT TRANSFER MECHANISMS

3.1 Background Information

3.1.1 Heat Transfer Mechanisms

The climate system is regulated by the balance between the energy received from the sun
and the outgoing energy from Earth. Some of the energy received from the sun is reflected

by the Earthods at mos ph egoesthrtughcHe atingdereand pac e,
interacts witht he Eart hdés surface, i nclgasesandy | and
particulatesn theatmosphere. This energy provides the needed heat to warm the&arth

shown inFigure3-1. A considerable amount of heat is absorbedngdaytime by oceans

and seas to warm it up

EARTH’S
ENERGY
BUDGET

Figure 3-1: Heat transfer mechanism contributingt o Eart hés 22 ner gy budget

Heat Transfer Mechanism&here are three main mechanisofiseat transfers

responsible for conveying energy from sun to earth then distributing it across the earth
(Error! Reference source not found.). If you touch a hot boilgvot your figure gets b

urnt because a large quantity of heat is transferred to your skionolyction If the pot is
filled with water and place over a burnet,tak water will experience a raise in
temperature although the burner is in contact with the lower layer of water only. Heat is
distributed byconvectiorwithin the water pothot water rises and cold water sinkg)n
electric heater (using a hot co#} thefar corner of the room will make you feel warm
because heat is transferred through the air by radiation (electromagnetic waves).

23 http:iwww.ces.fau.edu/nasa/modiéenergybudget.php
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The sun heats the ground

Radiation

The warm air rises

Convection

Figure 3-2: Heat transfer mechanisms driving the climatesystent*

1. Radiation: t he mechani s m b ytrawlsthroudh vacuura thenu n 6 s
through the atmospheendr e aches Eart h, and the mech
surface reflects some of the alised energy back into spa@@ to the atmosphere).

2. Conduction: it is the directtransferof heat from a warmer substance to a cooler
substance, which is the mechanism by which lands and oceans spread the heat
received by the sun into thedjacent layer of thatmosphere. The heat energy
transfers when moleculesllide with each another. Therefore, conduction occurs
where air is in direct contact with the surface (e.g., land or water)

3. Convection it is thetransferof heat in a fluid, either gas or liquid, which is the
mechanism by which he# transfered in the atmosphere or in bodies of water.

Heat transfers from hotter to cooler parts of the fluid. For example, as air warms
near the surface, it expands and becomes less dense than the layers of air above, so
it rises. As it cools, its density increases drikscends, as illustratedrigure3-3.
Without the merit of convection, lands and water bodies around the equator would
have experienced very high temperatures,sndggable for living, while areas near

the poles would have been extremely cold and also unsuitable for sustaining life
forms that we know. Solar energy eceivedby radiationis unevenly distributed
overEarth because the Sun heats equatorigioress more than polar region¥he
atmosphere and ocean work mEiop to even out solar heating imbalaice
throughevaporatiorof surface water, convection, rainfall, winds, and ocean
circulation

24 https://scied.ucar.edu/conduction
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Hot, less dense
water rises

A

Water cools,
becomes
more dense,
sinks

Figure 3-3: Example of heattransfer by convectiort®

The role of Oceans in Heat Transf€he oceamas amajorroleint abi | i zi ng Ear
climate systenasit canabsorband releastarge amounts of heaverlong period of

time. Waves, tides, and currersize responsible for constantly shiftihgat from warmer

to cooler latitudes and to deeper lewglere heat eventually melts ice caps, evaporates

surface water, or rehesgthe atmosphere. The heat energy of the ocean incrié#ses

stores more heat than it releases which directly affects the global éirdataap

illustratingwarming of theoceanin terms ofheat contenand shown by the red shades

over the period of 1993019 is shown ifrigure3-4.

/Jj_,.{:f.f’"( = Arctic <= ey .
/// QOcean - S
s ” e oW
v - -
/ pi 7
Atlantic
[ Ocean \
’ Indian Pacific |
\\ Ocean Ocean /.
A
\ y G Y.
.
[Ny ~ 3 /,/
L =

Trend in ocean heat content (W/m?)

-6 0 6
Figure 3-4: Change in ocean heat content from 19930197

In short, there arethree main mechanisms of heat transferggsponsible for
conveying energy from sun to earth then distributing it across the earthradiation
describes how the sundés energy travels thr

2 https://studiousguy.com/examplesnvectioreverydaylife/
2thttps://www.climate.gov/newfeatures/understandingimate/climatechangeoceanheat
content#:~:text=Not%?20dy%20does%20water%20cover,in%20stabilizing%20Earth's%20climate%20syst
em.

27 https://www.climate.gov/newteatures/understandirgimate/climatechangeoceanheatcontent
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atmosphere reachingEarttt s sur faces (e.g., |l andsesand
direct heat transfer from oceans and lands into the adjacent layer of the atmosphere.
And, convection, describes how heat is transferred ithe atmosphere or in bodies of
water.

3.1.2 Self-check/quiz

What is the term that describes the fluid motion oféiotising or cool air sinking?

a) Conduction
b) Radiation
c) Convection(correct answer)

The sun releases energyo spacehrough

a) Conduction
b) Radiation(correct answer)
c) Convection

When sunlight heats the ground, which in turn heats the air directly abthis i§ an
example of?

a) Conduction (correct answer)
b) Radiation
c) Convection

3.2 lllustrations of Concepts

3.2.1 List of materials and links for more illustrations

Links to various material that can help engage the students and illustrate the concepts of
the messagareshown inTable3-1.

Table 3-1: Various illustration aids for the concepts ofheat transfer mechanisms

Short description of
Concept illustration, diagram, video, Reference, link
online course

ACEL VENEIE] Video explains the three hea

i o V=
(Conduct_lon, transfer methods and showir h'gtps.//www.youtube.com/watch.v k
ST, an example for each method ALZOMANC

Radiation) P

Video explains heat energy
andpresentgacts about heat| htips://study.com/academy/lesson/w

Heat Energy

energy. Therés also a mini | -is-heatenergyfactscalculation
quiz about the video. quiz.html
https://www.proprofs.com/quiz
Heat transfer Selfcheck quiz on heat school/quizshow.php?title=heat
mechanisms transfer mechanisms transferconvectionconduction

radiation&q=1
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https://www.youtube.com/watch?v=kNZi12OV9Xc
https://www.youtube.com/watch?v=kNZi12OV9Xc
https://study.com/academy/lesson/what-is-heat-energy-facts-calculation-quiz.html
https://study.com/academy/lesson/what-is-heat-energy-facts-calculation-quiz.html
https://study.com/academy/lesson/what-is-heat-energy-facts-calculation-quiz.html
https://www.proprofs.com/quiz-school/quizshow.php?title=heat-transfer-convection-conduction-radiation&q=1
https://www.proprofs.com/quiz-school/quizshow.php?title=heat-transfer-convection-conduction-radiation&q=1
https://www.proprofs.com/quiz-school/quizshow.php?title=heat-transfer-convection-conduction-radiation&q=1
https://www.proprofs.com/quiz-school/quizshow.php?title=heat-transfer-convection-conduction-radiation&q=1

Short description of
Concept illustration, diagram, video, Reference, link
online course

https://study.com/academy/practice/h
t-transferquiz-worksheetfor-kids.html
https:/ktudy.com/academy/practice/q
z-worksheetcommonmechanism®f-
heattransfer.html
http://www.ces.fau.edu/nasa/images
ergy/EnergyTheDriverOfClimate.pdf

https://www.esrl.noaa.gov/gmd/educs:
Student activity (experiment) on/info_activities/pdfs/LA_radiation.p
df

Heat transfer by
radiation

Heat transfer in Academic overview on the
the context of fundamentals of climate
climate science | science

http://www.ces.fau.edu/nasa/images
ergy/EnergyTheDriverOfClimate.pdf

Florida Department of Education:
https://fk
. . pda.org/independent/courses/elemer
Academic overview on the : -
y/science/section3/3c6.htm
. transfer of t TR - o
Heat transfer in throuah Earth https://climatekids.nasaog/ocean/#:~:
the context of iIIustrationsgan d suagested text=The%20ocean%20is%20great?
climate science additionalreadin Sg?]d Oat,coal%2C%20and%20natural%20
SOUTces 9 s.)&text=The%20ocean%20absorbs?
Ocarbon%?20dioxide%20from%20the
20atmosphere%20wherever%20air?
Omeets%20water

3.3 Student Engagement Activities:

3.3.1 Activity 1

Objective: Theobjective of this activity i$o demonstratéhe threeheat transfer
mechanisms (conduction, convection, and radiation) using a hot cooking pot as illustrated
in Error! Reference source not found.

Materials: cooking pot, watersmall stove
Procedures:

1. Fill the cooking pot with water and put it on the small stove
2. Leave the water to boil for-8 minutes
3. Fill the emptydiagram
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https://study.com/academy/practice/heat-transfer-quiz-worksheet-for-kids.html
https://study.com/academy/practice/heat-transfer-quiz-worksheet-for-kids.html
https://study.com/academy/practice/quiz-worksheet-common-mechanisms-of-heat-transfer.html
https://study.com/academy/practice/quiz-worksheet-common-mechanisms-of-heat-transfer.html
https://study.com/academy/practice/quiz-worksheet-common-mechanisms-of-heat-transfer.html
http://www.ces.fau.edu/nasa/images/Energy/EnergyTheDriverOfClimate.pdf
http://www.ces.fau.edu/nasa/images/Energy/EnergyTheDriverOfClimate.pdf
https://www.esrl.noaa.gov/gmd/education/info_activities/pdfs/LA_radiation.pdf
https://www.esrl.noaa.gov/gmd/education/info_activities/pdfs/LA_radiation.pdf
https://www.esrl.noaa.gov/gmd/education/info_activities/pdfs/LA_radiation.pdf
http://www.ces.fau.edu/nasa/images/Energy/EnergyTheDriverOfClimate.pdf
http://www.ces.fau.edu/nasa/images/Energy/EnergyTheDriverOfClimate.pdf
https://fl-pda.org/independent/courses/elementary/science/section3/3c6.htm
https://fl-pda.org/independent/courses/elementary/science/section3/3c6.htm
https://fl-pda.org/independent/courses/elementary/science/section3/3c6.htm
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https://climatekids.nasa.gov/ocean/#:~:text=The%20ocean%20is%20great%20at,coal%2C%20and%20natural%20gas.)&text=The%20ocean%20absorbs%20carbon%20dioxide%20from%20the%20atmosphere%20wherever%20air%20meets%20water
https://climatekids.nasa.gov/ocean/#:~:text=The%20ocean%20is%20great%20at,coal%2C%20and%20natural%20gas.)&text=The%20ocean%20absorbs%20carbon%20dioxide%20from%20the%20atmosphere%20wherever%20air%20meets%20water
https://climatekids.nasa.gov/ocean/#:~:text=The%20ocean%20is%20great%20at,coal%2C%20and%20natural%20gas.)&text=The%20ocean%20absorbs%20carbon%20dioxide%20from%20the%20atmosphere%20wherever%20air%20meets%20water
https://climatekids.nasa.gov/ocean/#:~:text=The%20ocean%20is%20great%20at,coal%2C%20and%20natural%20gas.)&text=The%20ocean%20absorbs%20carbon%20dioxide%20from%20the%20atmosphere%20wherever%20air%20meets%20water
https://climatekids.nasa.gov/ocean/#:~:text=The%20ocean%20is%20great%20at,coal%2C%20and%20natural%20gas.)&text=The%20ocean%20absorbs%20carbon%20dioxide%20from%20the%20atmosphere%20wherever%20air%20meets%20water
https://climatekids.nasa.gov/ocean/#:~:text=The%20ocean%20is%20great%20at,coal%2C%20and%20natural%20gas.)&text=The%20ocean%20absorbs%20carbon%20dioxide%20from%20the%20atmosphere%20wherever%20air%20meets%20water
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Figure 3-5: Exercise on feat transfer mechanisms

Correct answers

Heat Source: Hot pot

Heated element:

r ianaie
Heat Source: Lower layer of water Heat transfer mechanism: Conduction
Heated elemen f wate

Heat transfer mechanism: Convection

Heat Source: Fire/stove top

Heated element: Surrou

v I rrounding Ny " | Heat Source: Hot pot
Heat transfer mechanism: Radiation ¥ ) Heated element: Lower layer of water

Heat transfer mechanism: Conduction

Heat Source: Fire/stove top
Heated element: Pot material

Heat transfer mechanism: Conduction

3.3.2 Activity 2

Objective: the objectiveo identify solar radiation
Materials: Playground, outdoor space
Procedures:

1. Stand inasunny spot first
2. Stand inashaded area

Discussionquestions:How do sunny and shaded areas diffent{ feeling
warmer/coole)? Why? What kind of heat transfer is responsible?

3.3.3 Activity 3

Objective: lllustrate the concept of heat transfer by Conduction
Materials: 2 cups filled vith hot water, 2 utensils with different materials (wood, metal)

Procedures

24



Stepl: Place each utensil in hot water.
Step2: Leave utensils in the water for a minute.
Step3: Carefully touch the ends of each utensil.

Discussionquestions:

Which material ppduce more heat? Let the students answer this question who touch the
utensils.

3.3.4 Activity 4

Objective: Demonstrating heat transfer through different materials

Materials: a hot plate, a water pot, three spoons/objects made of different materials:
metal, woodand plastic, three cuts of butter, stop watch

Procedures:

Stepl:Place the water pot on the hot plate to heat up

Step 2: ice the water starts boiling, carefully add the three spoons/objects
Step3: Wait a few minutes for the spoons to heat up.

Step4: Ask the students to write their hypothesis or what they think would happen

if you placed a cut of butter on each spoon
Step 5 Place the butter on each spoon and start the stop watch teeasure timetakento melt the butter on each

spoonin
Table3-2.
quer—ofTw{ru;
Figure 3-6. Experiment setu@?
Table 3-2: Table to record the time
Time in seconds | Metal spoon Wooden spoon Plastic spoon

Discussion questions

Which of the three materials best conducts heat? Arrange them in order from the fastest
heat conductor to the slowest.

28 hitps://ayersof-learning.com/heatonductiorexperiment(accessed on 20 May, 2021)
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3.3.5 Activity 5

Objective: Some colors absorb more heat than others
Materials: Three thermometerblack paperwhite paperoutdoorspace

Procedures
Step 1 Put three thermometers in a sunny place.
Step 2:Cover the bulb of one with black paper. Cover the bulb of one with white
paper.
Step 3:Predict which thermometer will get the hottest. Number the8nwith
one as the hottest.
Step 4Wait a few minutes.
Step 5:Record your results by coloring the tubes of the thermometers.
Step 6:Look at the results and number the thermomet&svith one as the
hottest.

Discussion questions:

How well did you predict?

PREDICTION RESULT

DC DF DC DF i DC
— 50 120 =| |— 50 120 =| (=50
= e =| |= o =| |=
100 S| [Z 40 100 S| [Z 40 100 [ |Z 40
o0 = _ %0 = _ 0o = =
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B0 = = 80 = = B0 = =
o= =20 0 = |= 20 70 =| =20
s0 =| (=10 so = =10 s0 =| |=0
w0 =| = wn = (= w F| |=
ap-=| |[=— O — = =
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0 E': Black Paper White Paper
A /~ Y

w
E
T

Figure 3-7: Recording observation
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4 MESSAGE 4: EARTHO6S THERMODYNAMI C

4.1 Background Information

It is easily observed that a metallic spoon quickly gains energy when brought near a flame.

Every material has its awspecific heat, which is the amount of heat it needs to raise its

temperature.Heat energy is transferred to the spoon through the air by radiation and the

spoon experiences a gain in its temperatuiéhen the spoon is moved away from the

flame, it stats cooling because the spoon now loses energy by radiating it back to the air.

If we replace the metallic spoon by a wooden spoon, the same obseraatiooted with
one major difference; the temperature rise for the wooden spoon will be much lesethan
metallic oneAlso, the time taken by the wooden spoon to cool down will be lofges.

is expected as the specific heat favods is 4 to 5 multiples of &t for iron or copper or
aluminum.

The climate system is stabilized byalance between thecomingenergy from the sun
and the outgoing energy from Earth as illustratdéigure4-1; the balance is also referred

toasEart hés ener gy bal an c erhe(balancesgbverneshbydhe n a mi c
law of conservation of energy, which states that energy cannot be created or destroyed, and

can only be transferred from one system or form to anotheliffcemingenergyentering
the Earth equals outgoing energy).

o SeoS

Noms SetS

\

Noos Saes
ENERGY IN bl
¥ \
5 : \
. \

Figure4-1: Appl i cation of | aw of conservation of energy

Solar irradiances defined as thamount of solar energy receivedbya i t ar ea at

surface of per unit of tim&olar irradiance at e ar rtegredets theuratd aavehieh
solar light energy falls onto anit surface ands measured in watts per square meter
(W/m?)?° (Error! Reference source not found(a)). Remember that Watt is a unit for m
easuring power i.e. for measuring energy per unit time (Joules per seSolat)light)
energyconsists ofa train (spetum) of electromagnetic waves ranging from low to high
energy. Highenergy is associated with short wave lengths (ultraviolet range), lotile
energy wavesreassociated with long wave lengths (infrared range)

29 Energy: the driver of climate. Center of Environmental Science at Florida Atlantic University. Available at
http://www.ces.fau.edu/nasa/images/Energy/EnergyTheDriverOfClimai@ecéssed: January 5, 2021)
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Figure 4-2: Solar irradiance spectrum above atmosphere and at surfaé®and electromagnetic spectrunt!

While the sun emits radiation of all wavelengttigetype andntensity of the waves
reaching Earth s s waridsdepgerdingppnf act or s i ncluding
the Sun and interactions with matter as radiation reaches the atmosiptieractions
include absorption and reflection of the radiation. Véey top of the atmosphererish
in ozone (Q), which absorbmost of the incomingpigh energyshorivaveultraviolet
radiation.As radiation travels into the lower layers of the atmospliee&periences
partial reflection and absorption froctouds ad atmospheric particulates agedses
Radiation receivedt the surfacef the earttmainly falls in thevisible andinfrared
regions of the spectrushown inFigure4-3.

3
2
S
5
5

Rap1aTION INTENSITY

Near Infrared

Far Infrared
Microwaves

WAVELENGTH

SHORTER

LONGER

Figure 4-3: Radiation intensity of electromagnetic waves reaching the Earfi

Energy flowsdescribingt h e

Ear t h o s aredempedinfFigute44. anc e

3%https://www.researchgate.net/figure/Seil@adiancespectrumaboveatmospherandat

surface_fig3 312225770

31 https://www.sciencelearn.org.nz/image_mapsgiSelectromagneticpectrum
32 http://www.ces.fau.edu/nasa/modi@&adiationsun.php
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Global Energy Flows W m™

341 Incoming 239

Solar
Radiation f
‘ 341.3Wm?

Outgoing
Longwave
Radiation
238.5Wm?

102\ Reflected Solar
Radiation
101.9Wm?

Reflected by
Clouds and
Atmosphere

Atmospheric
f40 Window

Emitted by
Atmosphere

Absorbed by
78 Atmosphere

169

Greenhouse
Gases

Back
Radiation

Absorbed by Thermals g,:po'.r W Surface 333
Surface transpiration  -Badiation Abss:::;i:by

Net absorbed

Wm?
Figure4-4.Eart hés en®rgy balance

1 Incomingsolar (ight) energy from the suat top of atmosphelie equivalent to
341 Wm?

1 About 79W/m? of the incoming energy is reflectéalspacéy clouds(mainly),

1 23W/m? of the energy eachi ng down idreflecediorspabeds sur
Ice (around poles and glaciers) reflects most of the incoming radiations.

1 Of the remaining energyassing~161 W/nfisabs or bed by the Ear
(land and Oceans), while 78 W/n? is absorbed bythe atmosphere. The
absorbed energy is theadistributed across the earth and atmosphere mainly
by convectior(air and water currents). About 80 Wif are expended as latent
heat toevaporag water from oceans and sea (which will later form clouds and
eventually condenses back to rain while releasing the latent heat)

1 Liquid water molecules absorb incoming heat enewgyich causes change
from liquid to gas, i.e.evaporationtheabsorbed heat is stored in the vapor and
is called the latent heat of gx@ation. When water vapor condesback into
rain (iquid water),energy in the form ofatent hea{~80 W/n¥) is released to
the atmosphere

On the other hand;

1 Around 17 W/m of the energyabsor bed by earthodos su
estimated atl61 W/n?) is released and redistributed by convection (heat
transfer between Earthos surface and &
as sensible heat, which comes from contact with the warmessaiiting from
the release of latent heat. Bplitent(80 W/m?) and sensibl¢80 W/m?) heat
are responsible for the movement of air molecules that induce.winds

33 https://soed.ucar.edu/learningone/howclimateworks/energybudget
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1 At night, the earth cools down and gisrface radiates bad&wer energy and
longer wavelegths in theinfraredregionat 396 W/n. At this stage, a simple
thermodynamic balance for earth would show that aterage surface
temperature would b4 8°C; a temperature so low that all waterearth would
freeze,oceans would turn into ice and lif@s we know it, would not exist.

1 In fact, most of infrared radiations emitted by earth while cool@%g (W/nt)
is absorbed by clouds and certain gases within the atmosphere, called
greenhouse gases while only abd0t W/im? from the total emitted infrace
radiations 896 Wi/n?) is radiated back into spaceAround 332 W/ is
reemitted (back radiation) and absorbgdhee a r sulfagesdue tgreenhouse
gases in the atmosphere

1 Outgoing longwave radiation is ~239 Wirnwhereatmosphere and clouds emit
around 199 W/rinto space

Therefore, incoming solar radiation is higher in energy and has shorter wavelengths than
those reemittedd ur i n g c o o Isurfaceganddhkercgatuaed and Geamitted due to
thegreenhouseffect A satellite map shoiug the infrared radiation emitted by Earth in
September 2008 illustrated inFigure4-5.

Outgoing Heat (W/m?)
B ]
85 350

Figure 4-5: A satellite map showing the distribution of infrared radiation emitted by Earth in September 2008

In short, the climate system is stabilized by a balance between the incoming energy
from the sun and the outgoing energy from Earth On Earth, radiation interacts with
surfaces such as oceans, lands, gases, particles, clouds, resulting in some radiation
being trapped and some leaving the atmospheréncoming solar radiation is higher

in energy and has shorter wavelengths than those-emitted during coolingofe ar t h 6 s
surface and then captured and reemitted due to the greenhouse effect and
correspondng to infrared radiation.

34 https://www.giss.nasa.gov/research/briefs/schmidt_05/
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4.1.1 Self-check/ quiz

Earth absorbs energy from the andeventually em# an equal amount of energye
to:

a) Conservation of matter

b) Conservation of energy/ First law of thermodynamics (correct answer)

c) Climate change

d) Radiation

Back radiatecnergyfrom the surface anabsorbed and reemitted by the atmosphase

a) The same wavelength as all energy incoming from the sun

b) Longer wavelength corresponding to infrared region of the electromagnetic spectrum
(correct answer)

c) Shorter wavelength corresponding to ultraviolet region of the electromagnetic
spectrum

d) None of theabove

Incoming energy from the sun to the Earth and responsible for energy balance is mainly
in the of the electromagnetic spectrum

a) UV, visible, infrared regions, (correct answer)
b) UV, gamma and xay

c) UV, gamma, and infrared

d) Visible only

4.2 lllustration s of Concepts

Links to various material that can help engage the students and illustrate the concepts of
the messagare shown ifmable4-1.

Table 4-1: Various illustration aids for the conceptsofe ar t hés t her modynamic bal anft

Short description of illustration, diagram,

Concept . .
video, online course

Reference, link

https://youtu.be/DOAQECd70
Ww

Vi deo expl afknergyBaldnee | hitps://energyeducation.ca/en
and shows how it mg yclopedia/Earth%27s_energy
temperature. budget
https://earthobservatory.nasa
ov/features/EnergyBalance
https://climate.ncsu.edu/edu/H
Activities for Ear t nergyBalance

Eart h
Energy
Balance

Sol ar power dr i ves |https:/earthobservatory.nasa
from the Sun heats the surface, warms th( ov/features/EnergyBalance
atmosphere, and powers the ocean curre

https://scied.ucar.edu/interact
e/earthsenergybalance

what if" scenarios with our planet's energy
balance.
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4.3 Student Engagement Activities

4.3.1 Activity 1

Objective: the objective of this activityis o demonstrate the compon
energybalance and the mechanisms of energy exchange between the Sun and Earth.

Materials: flash cards, the diagrambBar t hés ener gy bal ance.
Procedures

1. Distribute and explaih he di agram of the Earthobs ener
the main elementsoite Ener gy bal ance system: the s
surface (land and oceans), and clouds. The diagram should not contain any arrows

2. Distribute flash cards containing key steps/processes based on description in the
background material

3. Students will fill in the diagram by drawing the correct arrows to illustrate the
incoming energy from the sun and outgoing energy from the Badhassign the
processes using the flash cards

Global Energy Flows W m™

341 Incoming 239

Solar
Radiation f
‘ 341.3Wm?

Outgoing
Longwave
Radiation
2385Wm?

102\ Reflected Solar
Radiation
101.9Wm?

Reflected by
Clouds and

Atmosphere f 40 Atmospheric

Window

Emitted by
Atmosphere 169

Absorbed by
78 Atmosphere

Greenhouse
Gases

Back
Radiation

Absorbed by Thermals Evapo- Surface =5
Surface transpiration Badiation Abss::fl; i: by

Net absorbed

W m?

Figure 4-6: Earth energy balance diagram (arrows should be deleted)

4.3.2 Activity 2

Solar radiation is light we cannot see. It comes from the sun, hits the Earth and is reflected
back up into our atmosphere. Our atmosphere has greenhouse gases such as carbon dioxide;
it also has nitrogen, and oxygen. Side A has less Greenhouse gases in the atmosphere than
side B. How will this change the light coming from the sun? Draw lines from the sun
showing sun light directions. Show that a greater amount of greenhouse gas in the
atmophere has an effect on how much solar radiation is refracted and absorbed.
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Example of answer:

4.3.3 Activity 3

Objective: The experiment shows that water has high specific heat

Material: 2 balloons, watei? lightened candkeor gas lightergnatch stop watch

Procedures:
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Stepl:Fill up one balloon with air and the second one is partially filled with water
(water balloon)

Step 2: Carefully approach each balloon with lightened candle/gas lighter
Step 3:Start the stop watchd record your observation Table4-2.

Time in seconds| Air balloon Partiallyfilled water balloon

Discussion questions:

How long did it take for the air balloon to pop?
How long did it take for the partially filled water balloon to pop?
Which balloon has higher specific heat and why?

Answer: Thewater balloon has higher specific heat. Thidalloonpops fastewhile the
water balloorremainsfor a longertime because watéakes mor energy teeatandraise

its temperature when compdr® air.
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5 MESSAGE 5: CLIMATE FORCING

5.1 Background Information

Earthdés energy balance i s depgehadgsimposedn i n c c
on either incoming or outgoing radiation will cause a shift in the balarcean imbalance

Climate forcingisdef i ned as fithe energy 1| mbaithance i n
externally (naturally) or by human activiti€S.0 Positive forcing of the energy balance

results when more energy is incoming from the Sun comparedthétioutgoingfrom
Earth.Positive forcing has a warming effect on the climblegative forcing results when

incoming energyrom the suns lessthantheoutgoing energyrom earththus resulting in

a cooling effect on the climateln simple words it is a factor whidorcest he ear t h o6
climate to change.

Climate forcing is classified into radiative and mawliative forcing Radiativeforcing

describes hanges i mposed on UWOydredlhafiesting tleedadiaioni on b
budgetas shown inFigure 5-1. Norntradiative forcing is due to causes not directly
interacting with radiation. For example, changes in evapotranspiration rates due to
agriculture irrigation.

» .
Carbon dioxide N
Long-lved | Methane —
greenhouse {
negative radiative forcing is because
gases Halogenated gases some of these gases destroy ozone)

Nitrous oxide

Short-lived gases that create
ozone of create or destroy
other greenhouse gases

Aerosols (solid or liquid particles) —4— black carbon (soot)
Changes in clouds due to aerosols }—-

g

Human activities
A

o Change in albedo* due to land use *reflectiveness of Earth's surface
S
E -{ Change in energy from the sun
Z  Nettotal due to human activities _—I
-1 0 1 2 3
< >
Cooling Warming

Radiative forcing (watts per square meter)
Figure 5-1: Radiative forcing caused by human activities since 1750
Direct radiative forcingresultswhen thechangesn energy balancare causedby direct

interaction with radiation. For exampleore GHGs lead to moreabsorptionand re
emission ofinfraredradiationscausing direct radiative forcingndirect radiative forcing

35 https://www.nap.edu/read/11175/chapter/3#15
36 https://www.epa.gov/climatmdicators/climatechangeindicatorsclimateforcing
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resultsif the energy imbalance is due tocamponent of the climate systéhhat has
undergone changes itself.iFexample, changes in tls&zes of cloud particleswhich then
encounteradiation cause indirect radiative forcirigadiative forcings determined from
the difference between incoming and outgoing gynandis expresseth W/m?,

Drivers of radiative forcing consist of changes itasaradiance, emissions from volcanic
eruptions, changes in concentrations of GHGs and small solid/liquid particles suspended in
the air also known as aerosoddl of which cause changes or imbalances in the incoming

and outgoing energy betweenthe Batand t he Sun (space). The
illustrated inFigure 5-2, which shows the flow ofadiationi nt o and out of
surface.

‘ . Outgoing Radiation (%)

100% 8 17 6

Incoming

Radiation Backschttered

by air
Emission

by clouds

1 9 Emission
by water vapor, -
Absorbed by Refldbted carbon dixoide,
water vapor, by ¢fouds ozone

dust, ozone

Atmosphere

4 Absorption Latent

by clouds, heat
‘ water vapor, transfer
carbon dixoide,

Absorbed ozone Sensible

by clouds Refidcted heat

by shirface transfer

Absorbed Longwave
radiation Land. Ocean

Figure5-2t he Eart hdés energy bal ance

Error! Reference source not found.displays the pncipal drivers of radiative forcind?
ositive forcingcontributes to the warming of Earthwhereas negative forcirgpntributes
tocoolingtheEar t hés sur face.

Table5-1: Examples for humamduced(anthropogenicjorcing and natural forcing
| Type of forcing | Human-caused ' Natural forcing |

37 Climate sygem consists of five major components: the atmosphere, the hydrosphere, the cryosphere, the
land surface and the biosphere influenced by various external forcing mechanisms including the Sun.
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Natural changes in GHGs
concentrations itroposphere
COz, CHs, N2O, O3
Earthds orbiteé
eccentricity, axis tilt, wobble
Solarirradiance

Aerosols: biomass (BC and
0CQC)

Aerosols: Ash and other
particles from volcanic
eruptions

Aerosols: mineral dust and
marine aerosols (sea salt)
Clouds

Earthdos orbite

GHGs from manmade activities
COy, CHs, N2O, Gz in lower

| atmosphere/troposphere,
halocarbons, S

' Aerosol: Black carbon (BC alsc
known as soot)

Aerosols: Sulfate aerosols,
nitrate aerosols

Aerosols: organic carbon (OC)

| Clouds (ndirect effect

The effect of cooling resulting from the Mount Pinatubo volcanic eruptions in 2001 in the
Philippines, where layers of aerosols blockethrradiationandredued theglobal
average temperatures by O@&for almost 2 years is shownHmror! Reference source n

ot found..

double aerosol layer
from Mt. Pinatubo eruption

e —c—

LOPIOT LU ETSTOTTTIE o0t |

Figure 5-3: The effect of cooling resulting from volcanic eruption&®

Radiative forcing caused hgdividual gases and aerosasd total radiative forcingince

1750 to 201%° are presented iRigure5-4. The radiative ércing of a particular factor, such
ascarbon dioxide (C@ concentrations represents ttigange in the energy balanéeat

results from théncrease in C@concentrationd?ositive forcing caused by human activities
results from londived GHGs (CQ, CHs, N2O, and Halogenated gases), sHwed gases

that create ozone or create or destroy other GHGs, and the use of aerosols (solid or liquid
particles) and changes in clouds due to aerosols. As showigure 5-4a, CQ has the

3% Myhre, G., D. Shindellet al, 2013: Anthropogenic and Natural Radiative Forcing. In: Climate Change 2013: The
Physical Science Basis. Contribution of Working Group | to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change
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highest humawaused positive radiative forcing of 1.82 W/rfollowed by methane and
carbon black (aerosolrigure5-4b shows that the biggest contributors to negative radiative
forcing are sulphataerosoldollowed bynitrate aerosolgesulting from human activities.

The third contributor to negative forcing is naturallyisting mineral dust and marine
aerosols (sea saltprganic carbon aerosotesultfrom biogenic sources as well kaman
activities such as the combustion of fossil faetl biomas; organic carbon aerosase
released either as primary aerosol particles or as volatjanic compounds, which
undergdurtheratmospheric reactions with other gases and particles resulting in secondary
organic aerosolsOrganic carbon aerosols consist of many different hydbocebased
compoundsand contribute to negative forcintf. The total net forcing of the Earth is
positive (increased warming) reaching a rate of 2.29 W/m2 in 2011 compared to 0.57
W/m2 in 1950 as illustrated figure5-4c.

(a) Increased (b)  Increased
warming cooling

Sulphate

co,
-0.4 W.m?

+1.82 W.m?

Nitrate
-0.11 W.m?

CH,
+0.48 W.m?

Black carbon Dust

+0.4 %mz

rimary Organic
Carbon
-0.09 W.m?
A
y “Secondary ™.
( Organic Carbon

" Halocarbons
+0.36 W.m?

-0.03 W.m?

(c) Radiative Forcing (W.m?)

2.29
.2011

1.25 .1980

0.57
®1950

Figure 5-4: (a) positive, (b) negative radiative forcing caused by gases and aerosaisd (c) total radiative forcing
changes from1750 to 2011

Feedbackoccurs when outputs of a system are routed back as inputs as part of parts of a
chainof causeandeffectthat forms a circuit or loop. (+ive) or coolingwe). For

example more burning of fossil fuels on earth to generate energy is a positive forcing
because it generates more GHGs and causes warming of the cltoatever, warming,

40 https://www.ipcc.ch/site/assets/uploads/2018/03/7Rodf
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in turn, leads to more evaporatidé®om oceansvhichincrease thewater vapor content of
the atmosphere. Water vapbeingin itself an effectiveGHG, will result in further
warming This effect is calle@ (+ive)feedback Negativefeedback occurs when its
effect tends to reverse the forcing effect.

Inshort, Ear t hés ener gydemtan irconing and sutgaing @diation;
changes imposed on incoming or outgoing radiatiomither externally (naturally) or

by human activitieswill cause a shift in the balance, i.e., an imbalance, a forcing.
positive forcing signifies changes causedg outgoing energy resulting in warming,
while, a negative forcing signifies incoming energy from the sun is less than the
outgoing energy from earth thus resulting in a cooling effect on the climat€hanges
are due to direct interactions between radiatio and surfaces consisting of lands,
oceans, gases and particles in the atmosphere, and clouds. The present total net
forcing is positive and the Earth is warming; principal gases causing a positive forcing
are carbon dioxide, methane, halocarbons and nitnas oxide and black carbon
particles. Negative forcing is caused by aerosols both of natural and anthropogenic
origins consisting of mineral dusts, sulphate and nitrate aerosols and organic carbon
aerosols.

5.1.1 Self-check / quiz

Negative forcingagentsaffect Earthoy , While positive forcinggentsaffect Earth
by

a) Warming and cooling
b) Cooling and warmingcorrect answer)
c) No changes and warming

Positiveforcing agents include

a) All aerosolsand gases produced by human\atiéis

b) Aerosotradiation interactiomnd clouds

c) Well mixed greenhouse gas€s», CH, N:O, halocarbons and some aerosols (black
carbon) (correct answer)

The overall RF today compared with pnglustrial times is causing a and
is mainly due to

a) Positive, warming, increased levels of £8>0, CHs, halocarbongcorrect answer)
b) Negative, cooling, aerosols and clouds
c) Negative warming, increased levels of GN-O, CHs, halocarbons

5.2 lllustrations of Concepts

Links to various material thaan help engage the students and illustrate the concepts of
the messagare shown inmable5-2.
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Table 5-2: Various ill ustration aids for the concepts otlimate radiative forcing

Short description of illustration, .
Concept . ! . Reference, link
diagram, video, online course
https://youtu.be/hVvzVs1AKG
Radiative Video explains different radiative forcing Y _
Forcing components and how each dnfluences | https://climate.nasa.gov/blog/
the climate and how each one differs fro 949/whymilankovitchorbitak
Components .
the other. cyclescantexplainearths
currentwarming/
https://www.nap.edu/read/11]
75/chapter/3#27
https://www.ipcc.ch/site/asset
/uploads/2018/02/WG1AR5 (
Radiative o hapter08 I_:INAL.pdf
forcing Definitions of concepts https://eol.|sc.nasa._qo_v/8earc
Photos/photo.pl?mission=ST
043&roll=22&frame=11
https://www.ipcc.ch/site/asset
/uploads/2018/02/WG1AR5 (
hapter08 FINAL.pdf
Anthropogenic and natural radiative https://www.ipcc.ch/site/asset
forcing /uploads/2018/02/WG1AR5 _(
N.B: more advanced resource hapter08 FINAL.pdf
https://climate.nasa.gov/blog/
Video showing r ol e 2949/whymilankovitch
climate orbital-cyclescantexplain
earthscurrentwarming/
Graph showingadiativeforcing of
different agents between 1750 and | https://science2017.globalchang
2011 .gov/chapter/2/
Glopal yldeo explaining glqbal warming and the https://youtu.be/oJABATICug
warming influence of the forcing.

5.3 Student Engagement activities

5.3.1 Activity 1

Objective: the objective is talemonstrate the role of human activities on climate by
identifying componentérom daily livescausing RF.

Procedure: Eachgroup should selecadiative forcing componententify their
anthropogenisourcesand classify type of forcing

Group Human-causedagents Main sources (;;roys?t?vgr:cég;[]ig e)
CO,
CH,
N-O
Os (lower
atmosphere/troposphere)
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https://youtu.be/hVvzVs1AKGY
https://youtu.be/hVvzVs1AKGY
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://www.nap.edu/read/11175/chapter/3#27
https://www.nap.edu/read/11175/chapter/3#27
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf
https://eol.jsc.nasa.gov/SearchPhotos/photo.pl?mission=STS043&roll=22&frame=11
https://eol.jsc.nasa.gov/SearchPhotos/photo.pl?mission=STS043&roll=22&frame=11
https://eol.jsc.nasa.gov/SearchPhotos/photo.pl?mission=STS043&roll=22&frame=11
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://climate.nasa.gov/blog/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/
https://youtu.be/oJAbATJCugs

Halocarbons

Sk

Aerosol: Black carbon (BC als
known as soot)

Sulfate aerosols,

Nitrate aerosols

Organic carbon (OCprimary)

5.3.2 Activity 2

Carbon dioxide is an important element of radiative fora@aybon dioxidéasa positive
forcing that traps more energy incoming from the Sun and has a warming effect on the
climate. Understanding the carbon cycle explains the sources of positive atiyeneg
climate forcing. The source of positive climate forcing is the same that emit more carbon
dioxide than it absorbs. Contrarily, the source of negative climate forcing is the same that
absorb carbon dioxide more than it emits.

Carbon dioxide exists harally in the Earth's atmosphere as showrkigure 5-5. It is

naturally cycled between the atmosphere, the oceans, the land, and the plants during
photosynthesis. Thoceans and plants absorb millions of tons of carbon dioxide from the
Eart hods at mosphere yearly. However, t his
atmosphere through respiration, fires, and the oceans. The natural process of emitting and
absorbingcdron di oxi de sustains the Earthds carl
such as the burning of fossil fuels (coal, oil, and natural gas) add carbon dioxide to the
Earthoéos atmosphere.

Atmosphere 730

|Global Gross Primary » Fossil Fuel
Production and * Combustion and
Respiration * Industrial

6.3 “ Processes

SRR L -

Anthropogenic Flux =sismsna e

Source: Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (UK., 2001)
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Figure 5-5: The carbon cycle
Determine frontigure5-5 the main sources of climate forcing and their type (positive or
negative) and their effect (cooling or warming) and fill the answeitse table below

Source of climate forcing | Type of forcing Their effect
(positive/negative)

Correct answer:

Source of climate forcing | Type of forcing Their effect
(positive/negative)

Vegetation and soils Negative Cooling

Fossil fuel combustion Positive Warming

Ocean Negative Cooling

Changing land use Negative Cooling
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6 MESSAGE 6: GREENHOUSE GASES

6.1 Background Information

6.1.1 Concept of greenhouse effect

The greenhouse efferst the Earth's natural warminghichresults whercertaingases in

the atmosphere trapfraredradiation emitted from the surfacé the earth while cooling

that wouldotherwiseescape into spade the absence dhesegasesas shown irFigure

6-L.Fi fty percent o fingEdrbis refleated backaoanspaceg The athera ¢ h
50% s absorbed by the Earthdéds climate syste
and the atmsphere. The absorbed heat is then radiated back in the form of invisible infrared
light. Some of this infrared light passes the atmosphere and continues into space
(atmospheric window)and the rest gets absorbed by greenhouse theseedirected back
toEarth, which builds up additional warming

Some of the infrared radiation

Some solar passes through the atmosphere,
radiation is and some is absorbed and
reflected by the re-emitted in all molecules. The

earth and the effect of this is to warm the earth’s
atmosphere surface and the lower atmosphere.

Solar radiation
passes through the
clear atmosphere

Most radiation is
absorbed by the
earth’s surface

and warms it /

6.1.2 Greenhouse gases (GHGSs)

Infrared radiation is
emitted from the
earth’s surface

Figure 6-1. Greenhouse Effect!

Due to their chemical nature and shapes/structures, GHGs are cdpigering and re
emitting infrared radiation. Infrared radiation is low energy enough that it does not destroy
the structureof the gasbut only gives it extra enerdyibration of moleculesphat is then
releasedbacka nd t her e by Thetprineapalgases ge§ponsilelesfdr trapping heat,
i.e., the greenhouse effect, avater vaporcarbon dioxide, methane, nitrous oxide, and
halocarbong(e.g., fluorinated gasesuch as Freon used in refrigeration and cooling,
dichlorodiphenyltrichloroethan€dDDT) used in insecticides, and Methyl Chloride used in
solvents, cleaning metals, and adhesives)

4L http://www.changeclimate.com/Greenhouse_Gases.htm
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GHG emissions result fronboth natural and anthropogenic sourcéatural sources

include

T

Decomposition oinimal specieandvegetationwhen animals and plants die,
their dead organisms are eaten up by decomgdsard the carbon in them
returns to the atmosphere as carbon dioxidenethane. In some conditigns
decomposition is blocked and the plant and animal remaingosasijize*.

Natural wild fires: their primary natural causes include drought, heat, and
lightning, and very small percentage are caused by spontaneous combustion of
dry fuel such as sawdust and leaves. Natural wildfires maintain ecosystem
balance, unlike humacaused forest firgsvhich are considered dangerous and
cause adverse effects on the Earthos
Outgassing of @lcanos: Volcanic eruptions releaseHGs including water
vapor, carbon dioxide (CO2), sulfur dioxide (SO2ybon monoxide (CO),
hydrogen sulfide (H2S), hydrogen gas, nitrogen, and methane (CH4). Lighter
gases suchsahydrogen and helium escajmo space, but the heavier gases
remainin the atmosphere

Wetlands Wetlands are complex systems of plants, soil, aquhtic life that

serve as a reservoir capturing and cleaning water. Yet, wetlands are considered
a large natural source of methane in the atmosphere. Because of their wet soil,
soil microbes and plantercibly metabolize under anaerobic conditiqns.,

lack of oxygen,)leading to methane production. The methane is released to the
atmosphere via diffusion, transportidough plant tissuand gas bubbles. The
stability of water in wetlands and thearsport efficiency through plantsan
affectthe amouts of methaneeleased from itsoil*”.

Earthquakes Sci enti sts found evidence that

c

pockets of methane trapped in the Eart

of methane hydrates, which is a solid-liée crystdline structure of methane
and waterEarthquakes cause these pockets to fracture and the methane gas is
released into the atmosphémebbling upwards through the sea wéters

Anthropogenic sources of emissions primarily include burning of fassié for energy
production agricultural practices, langse change, waste management and treatment
activities, and numerous industrial processeshown irFigure6-2.

42 Organisms that eat dead organisms, plants and vegetation, and organic matter and breaks them down into

simplermaterial
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https://www.bbc.co.uk/bitesize/guides/zx6sdmn/revision/4
https://www.sciencedaily.com/releases/2019/06/190619085703.htm
https://phys.org/news/2013-07-earthquakes-trigger-undersea-methane-reservoirs.html

a) Anthropogenic sources b) Natural sources of
of greenhouse gases greenhouse gases

Figure 6-2: Anthropogenic and natural sources of greenhouse gases

How much any GHG influences global warming depends on three key factoms shown in

Global

Warming

Figure6-3. The three factors include the amount or concentration of the gas present in the
atmosphere measured in parts per million by volume, how long it stays trapped in the
atmosphere representing itifetime, and its global warming potential (GWmhich
reflects how effective the gas is at trapping heat in the atmosphere td@yearperiod
relative to CQwhenused as the referenc&@HG emissions are usually represented in terms

of mass of cann dioxide equivalents (C®), which are calculated by multiplying
emissionsnasse®f any GHG by the GWP of the gesdative to CQ.
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Global

Warming

Sinks for GHG emissions are natural or manmade elements that absorb GHGs from the
atmosphere in order to maintain balance in the climate system. The biggest natural systems
that serve as sinks are forests and oceans. In oceans, corals, plankton, #slandlga
photosynthetic bacteria are the main elements absorbing carbon. In the case of forests,
carbon absorption is done through photosynthesis processes by plants ardccaees.
absorbs C@from atmosphere and water from soil to synthesize carbohydrates (food).
Solar energy is transferred into chemical energy within the bonds of the produced food.
Oxygen is released to the atmosphere aspadaluct to support several forms of aerobic
organisms. Besides natural sinks, there ararmmademethodsdesignedo capture and

store, remove, or sequester carbon tald otherwisebe released intthe atmosphere
Examples of carbon sequestratimethods includs t or i ng car bonbyin the
injecting it forest regrowth and wetlands restoration to improve their carbon sink
characteristicsenhanced oceaabsorption of C®@ by dissolving carbonate minerals to
bicarbonatesdirect air capturing of carbortapturing carbon coming out of induat
processesand improved land management and*tise

Enhanced greenhouse effect

Though GHG maddife possibleon Earth, the rapid increage concentrations of those
gases in the atmosphedae to anthropogenic activities in the past 100 yeardaltiee
industrial revolution has shifted the energy balazaesing an enhanced greenhouse effect
Key GHGs theirsourceconcentration in the atmospheliéetime and GWP are illustrated
in Table6-1.

Concentration in L
Concentration in

GHG Me_ur_l human atrr_losphe_repre atmosphere in Lifetime GWP
activity source industrial (years)
; 2018 (ppm)
revolution (ppm)
Carbon , .
o Burning of fossil 300 to
Rle i fuels, cement A3 0 1,000 1

46 https://climatechange.ucdavis.edu/science/cadmmuestration/
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Methane

Nitrous
Oxide

Halo-
carbons

production, and
land-use change
Fossil fuels, rice
paddles,
livestock, waste
dumps
Fertilizers
production and
use, combustion
in industrial
processes
Electronics
refrigerants,
industrial
processes,
aluminum
production,
electrical
equipment
insulation

0.715 1.869 12 28
0.27 0.331 121 265
Almost all
fluorinated 15t0 | 138upto

10,000 up| 23,500
to 50,000 | dependin
basetbn | gongas

gastype type

compounds did | Varies depending
not naturally exist ongas type
in the atmosphere
preindustriatimes

In short, the greenhouse effect is the Earth's natural warming, which results when
certain gases in the atmosphere (greenhouse gases GHGSs) trap infrared radiation
emitted from the surface of the earth that would otherwise escape into space in the
absence of these g&s. How much any GHG influences global warming depends on
the amount or concentration of the gas present in the atmosphere, how long it stays
trapped in the atmosphere representing its lifetime, and its global warming potential
(GWP), which reflects how dfective the gas is at trapping heat in the atmosphere over
a 100year period relative to CQ when used as the referencelhe principal GHGs
responsible for trapping heat, i.e., the greenhouse effect, are water vapor, carbon

dioxide,

methane,

nitrous oxide, and halocarbons.The rapid increase in

concentrations of those gases in the atmosphere due to anthropogenic activities
resulted in the enhanced greenhouse effect.

6.1.3 Self-check quiz

Natural or artificial producerof greenhouse gases are_and atural or artificial
reservoir that absostand stores greenhouse gases are

a) Emissiors, sinks
b) Emissionsourcessinks (correct answer)
c) Emissiors,gases

The greenhouse effect is defined as

a) Heating

due to sunods UV radiation,

b) Cooling due to escaping heat in the atmosphere
c) Warming due to heat trapped by gases in the atmosfdwrect answer)
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The main responsibleagesfor enhancedreenhouse Effectre

a) Water Vapor

b) Carbon Dioxide

c) Methane

d) Nitrous Dioxide

e) Halocarbons

f) All of the above (correct answer)

How much any greenhouse gas influences global warming depeitds on

a) Concentration

b) Lifetime

c) Global WarmingPotential

d) All of the above (correct answer)

6.2 lllustrations of Concepts

Links to various material that can help engage the students and illustrate the concepts of
the messagare shown ifmable6-2.

Table 6-2: Various illustration aids for the concepts ofgreenhouse gases

Short description of illustration, diagram, .
Concept video, online course Reference, link
G Flash Cards for the most important https://climatekids.nasa.gov/g
reenhouse : .
Gases greenhouse gases and information about| eenhouseards/
each greenhouse gas.
https://www.sciencedirect.con
[science/article/pii/S1674927¢
Chatrt illustraing the annual contribution of, 18300376#fig2
Greenhouse : - :
Gases natural and anthro_pogenlc activities to https://www.globalchange.um
global GHG emissions ch.edu/globalchangel/current
ectures/Perry Samson lectut
/evolution_atm/
Video explaining the greenhouse effect ar
Greenhouse |lhow i tods | eading t ¢ https:/youtube/DYHAZaasdx
Effect warmer. It shows atsthings that we can dc |
to save our Earth.
Greenhouse | Video explaining what is the greenhouse Btrt]lg)sl._/ilvﬁquéu.be/SNS
Effect effect. DnOHQEME
. . - . https://www.youtube.com/wat
Carbon sinks | Video explaining carbon sinks h?v=00W2PIVMpZs
Video showing an expenent showing the
Experiment difference with and without greenhouse https://youtu.be/Zst78B3P2E
gases and how there
temperature.
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https://climatekids.nasa.gov/greenhouse-cards/
https://climatekids.nasa.gov/greenhouse-cards/
https://www.sciencedirect.com/science/article/pii/S1674927818300376#fig2
https://www.sciencedirect.com/science/article/pii/S1674927818300376#fig2
https://www.sciencedirect.com/science/article/pii/S1674927818300376#fig2
https://www.globalchange.umich.edu/globalchange1/current/lectures/Perry_Samson_lectures/evolution_atm/
https://www.globalchange.umich.edu/globalchange1/current/lectures/Perry_Samson_lectures/evolution_atm/
https://www.globalchange.umich.edu/globalchange1/current/lectures/Perry_Samson_lectures/evolution_atm/
https://www.globalchange.umich.edu/globalchange1/current/lectures/Perry_Samson_lectures/evolution_atm/
https://youtu.be/DYHAZaasdxI
https://youtu.be/DYHAZaasdxI
https://youtu.be/SN5-DnOHQmE
https://youtu.be/SN5-DnOHQmE
https://www.youtube.com/watch?v=OoW2PlvMpZs
https://www.youtube.com/watch?v=OoW2PlvMpZs
https://youtu.be/Zst7B-B3P2E

6.3 Student Engagement Activities:

6.3.1 Activity 1

Objective: the objectiveis to demonstratgreenhouse effedly investigatingchanges in
watertemperature.

Materials: 2-litre bottles, water, thermometer, plastic wrap, indoor light bulb.
Procedure:

1. Bring 2litre bottles and cut them into two halves

2. Fill both halves with waterplace a thermometer insid@d wrap one half in plastic
wrap

3. Allow both halves of the bottlt sit in direct sunlight or subject them to an indoor
light bulb for 3650 minutes

4. Measure water temperature in both halves and observertheg/gemperatures due
to greenhouse entrapmentthe covered half of the bottle

6.3.2 Activity 2

Objective: Landfill is a main source of Methane, which is one of the important greenhouse
gases. The students will observe how when waste goes to landfill, uiceothethane. The
experiment enables the studetatsvatch the chemical breakdown of each food source and
the relative amount of gas it produces.

Materials: 3 balloons of different coldr 3 plastic bottle$ water- three types of
fruit/vegetables waste of your choice (example: bailagr@en pepper tomatoes).
Bananas will show fast results.

Procedure:

1. Place each fruit waste in a bottle

2. Fill each bottle completely with water to create anaerobic (oxygéacking)
environment thasimulates the conditions found in a landfill.

3. Place the balloons on the tip of the bottle (the balloons will inflate to indicate the
production of methane gas; some balloons will inflate faster than athseome
foods are prone to produce more gasesdutecomposition than othgrs

4. Write down observations

47 https://sealevel.jpl.nasa.gov/files/archive/activities/ts1hiacl.pdf
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Figure 6-4: Simulation of landfill conditions that produce methane

50



7 MESSAGE 7: GLOBAL WARMING

7.1 Background Information

Global warmingis the trappingof heatby GHGsresulting inincrease averagesurface
temperatures over timd@he rate ofglobal warminghasincreasedsince preindustrial
times primarily due to burning of fossil fuels for enengyoductiorf®.

7.1.1 Anthropogenic GHGs emissions sources

Sourcesand globalemission®’ of GHGs are shownin Error! Reference source not f

ound. (a) and (b)The global sowes of emissions are made of a number of activities and
sectors that involve mainly burning of fossil fuels to produce energy such as electricity and
heat production, transportation, industrial activities, buildings and other energy uses.
Meanwhile, wastsector produces methane and nitrous oxide as a result of decomposition
of organic waste. In the Agriculture sector, the livestock release methane during digestion,
also cultivating crops produsaitrous oxide as a result of applying fertilizers. In additi
deforestation reduces the carbon absorbed byutmuttrees. Out of these sectors, the
energy sectas the largestontribubrto GHG emissionsesponsible for 3%of emissions

Agriculture, Forestry, and Land-Use Changes

Electricity and Heat Production

Burning of fossil fuels such as coal, oil, and
natural gas to produce energy such as
electricity and heat is the largest source
releasing CO,.

Industrial Activities

Industrial processes release numerous GHGs
including CO,, methane, N,O, and various
fluorinated compounds such as iron, steel,
cement production.

Transportation

Livestock: release of CH, during digestion
Cultivating crops

Deforestation: Trees absorb CO,; when cut
down, carbon stored is released and less frees
results in less CO, being absorbed

Waste

Landfills and waste/wastewater treatment
release CH, and N,O

Other energy uses
Release of GHGs from activities not related to

Burning of fossil fuels such as gasoline and
diesel for road, rail, air, and marine
fransportation.

electricity and heat production such as fuel
extraction, refining, processing

Buildings

Burning fossil fuels to produce energy for
heating or cooking

(a)

480verview: Weather, Global Warming and Climate Change. NASA. Available at
https://climate.nasa.gov/resources/glelarmingvs-climatechange(accessed: 4 January, 2021)
“Based on data in https://wriorg.s3.amazonaws.comfafiic/world-greenhoasegasemissionssankey
chart2019_2.jpg
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Waste
Land Use and Forestry

(]

Agriculture Transportation

Industrial
Processes Energy mmmmmp . . Fuel

Combustion g

Heat

(b) Buildings

Figure 7-1: (a) Sources and (bJContribution to global warming for key sectors to GHG emissions 2016

7.1.2 Rise inAtmospheric CQ levels

The amount ofCO; in the atmosphere has increased since the start of the Industrial
Revolution in 1750 Carbon dioxide concentrations have undergone agfastth rate
which skyrocketedsince the 1960with CO» reaching 408 parts per million 2018. Part

per million here being the concentrationG®. in the atmosphere and is equivalent08
particles ofCOz in 1 million particles of airThe increase in CQevels from preandustrial

times tll today is shown irFigure 7-2. In 2021, the C@ concentratioris expected to
exceed 415 ppm and the total GHG concentration to approach 500 ppm.

According to theVMO Greenhouse Gas Bullefithefollowing statistics are formulated

CO2 Methane Nitrous oxide
2019 global mean 410.50.2 ppm 187#2 ppb 332.0:0.1 ppb
abundance
2019 abundance 148% 260% 123%
relative to year 1750
201819 absolute 2.6 ppm 8 ppb 0.9 ppb
increase
201819relative 0.64% 0.43% 0.27%
increase
Mean annual 2.37 ppm yt 7.3 ppb ytt 0.96 ppb y*
absolute increase of
last 10 years
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Figure 7-2: CO2 concentrations and emissions in the atmosphere before and after the industrial revolutith

As shown inFigure 7-2, the concentration of GOn the atmosphergepresented by the
magenta linejs linked to the amount of G@missions releasdthe blue line) Before the
industrial revolution until the 18@0s , » e@iSsions were fairly constant resulting in
constantCQc oncentrations in the at mos pamune.

At

of emissions released from human activities increased exponentially, causing an equivalent

increase in the conceation of CQ in the atmosphere. This shows the direct correlation

between humacaused emissions that do not escape the atmosphere and increase its CO

concentration, resulting in global warming and climate change.

7.1.3 Rise in Global Surface €Emperature

Easth6s gl obal a v iacreasgdey aroumadi A Sineetl880 (@e-industrial
timeg, where twethirds of this increase occurred since 1975. The rate of increase until
1981 waCédecdnle'. (H8wever, the rateof increase since 1981 has more than

doubled, reaching arourtid2 (C/decadeas illustrated irfFigure7-3°2

S0https://www.climate.gov/newfeatures/understandingdimate/climatechangeatmospheriecarbon

dioxide
51 https://earthobservatpmnasa.gov/worlebf-change/globatemperatures

52 Global Temperature Report 2019. Berkely Earth. Availablentst://berkeleyearth.org/archive/2619

temperatureqfaccessed: 4 January, 2021)
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http://berkeleyearth.org/archive/2019-temperatures/
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Land data prepared by Berkeley Earth and combined |
with ocean data adapted from the UK Hadley Centre

Global temperature anomalies relative to 1951-1980 average -06 =
Vertical lines indicate 95% confidence intervals
: : : -0.8

1860 1 8‘80 1900 1 920 1940 1960 1 9‘80 2000 2020
Figure 7-3: Global average temperature between 18520193

SNl =S 2 8 &
Global Temperature Anomaly (° C)

If no action is taken to decrease global warmprggdictions ofglobal average
temperaturenay reach 18.8) ®y 2100,anincrease of3 to 4lC over 80 years*.

In short, global warming is the trapping of heat by GHGs resulting in increased
average surface temperatures over timeThe amount of CQ in the atmosphere has
increased since the start of the Industrial Revolution in 1750; in 2021, the
concentration of CQz is expected to exceed 415 ppm and the total GHG concentration
to approach 500 ppm. The increase in GHG concentration has resulted Ear t h 6 s

gl obal average temperatur e | nrRurtherraseithneg by a
rate of increase since 1981 has more than d
predictions of gl obal average t enopasaocht ur e

3to 4(C over 80 years

7.1.4 Self-check- Quiz

What isglobal warmin@

a) Trappingof heatby GHGs resulting imncreasd averagesurfacetemperatures over
time (correct answer)

b) Heating oceans

c) Surface temperature

What is the largest sector contributinggtobalgreenhouse gas emissions?

a) Electricity and heat productidicorrect answer)
b) Agriculture and forestry
c) Transportation

53 http://berkeleyearth.org/20t@mperatures/
5 Temperature Earth in the Future. PennState University. Available athttps://www.e
education.psu.edu/earth103/node/1015
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Cutting treescontributes @ global warming because

a) Treesare amainsink for carbon sinkandwith less trees, more G@mains in the
atmospherégcorrect answer)

b) Trees release CO

c) Animals will have no shelter

7.2

Links to various material that can help engage the students and illustrate the concepts of

Illustrations of Concepts

themessagés shown inTable7-1.

Table 7-1: Various illustration aids for the concepts ofglobal warming

Concept Sg_ort descri_ption of i_IIustration, Reference, link
iagram, video, online courg
Video explaining the global warming | ...\ /v oyt be/VheXVkzsn1Y
and its effects.
https://www.nrdc.org/stories/qgloh
Global warming introduction and alFwarming101
effects https://climate.nasa.gove/vital
signs/globatemperature/
Before and after images of Earth,
evidence, causes, effect and solution https://climate.nasa.gov/
Global to climate change through global
Warming warming
https://www.nationalgeographic.
om/environment/global
Climate causes and effects warming/globalwarming
overview/
lllustration showing the effects of https://www.joboneforhumanity.q
global warming on different rg/what_is_global_warming_sigrn
ecosystems _up
TemperatureEarth in the Future.
Global average temperature E t‘f”;‘_f;\t;‘\fvewug“’ers'ty' Available at
predlctlons 9 2100 education.psu.edu/earth103/node/1
5 (Accessed: 4 January, 2021)
CO, concentrations and emissions
in the atmospherever past 800 00( hitps:/climate.nasa.gov/evidence/
years
Detailed global GHGs emissions & https.//wrlorg.sB.amazonaws.
- om/s3fspublic/world
GHGs sector and endse activity and type .
of gas for 2016 qreenhouse}asemlss_lons
sankeychart2019 2.ipg

55


https://youtu.be/Vh8XVkzsn1Y
https://www.nrdc.org/stories/global-warming-101
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https://www.nationalgeographic.com/environment/global-warming/global-warming-overview/
https://www.nationalgeographic.com/environment/global-warming/global-warming-overview/
https://www.joboneforhumanity.org/what_is_global_warming_sign_up
https://www.joboneforhumanity.org/what_is_global_warming_sign_up
https://www.joboneforhumanity.org/what_is_global_warming_sign_up
https://www.e-education.psu.edu/earth103/node/1015
https://www.e-education.psu.edu/earth103/node/1015
https://www.e-education.psu.edu/earth103/node/1015
https://climate.nasa.gov/evidence/
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https://wriorg.s3.amazonaws.com/s3fs-public/world-greenhouse-gas-emissions-sankey-chart-2019_2.jpg

7.3 Student Engagement Activities

7.3.1 Activity 1

Scientists have been recording the concentration of carbon dioxide since 1958 as shown

in Figure7-4.

Year | Annual mean Year | Annual mean Year | Annual mean
1959 316 1978 335 1997 364
1960 317 1979 337 1998 367
1961 318 1980 339 1999 368
1962 318 1981 340 2000 370
1963 319 1982 341 2001 371
1964 320 1983 343 2002 373
1965 320 1984 345 2003 376
1966 321 1985 346 2004 377
1967 322 1986 347 2005 380
1968 323 1987 349 2006 382
1969 325 1988 352 2007 384
1970 326 1989 353 2008 386
1971 326 1990 354 2009 387
1972 327 1991 356 2010 390
1973 330 1992 356 2011 392
1974 330 1993 357 2012 394
1975 331 1994 359 2013 396
1976 332 1995 361

1977 334 1996 363

Mote: Unit is parts per million {ppm}), rounded.

Figure 7-4: Average CQ: concentration since 1959

Create a graph that displays the data in Table 1, showing the relationship between the
annual atmospheric carbon dioxide level and year. Based on your graph, answer the
following questons:

1 What patterns do you notice in the atmospheric carbon dioxide levels?
1 How would you explain the patterns you noticed in the atmospheric carbon dioxide

levels?

1 Based on your graph, what do you predict the atmospheric carbon dioxide levels to
be in 20 wyars and why?
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8 MESSAGE 8: SIGNS OF CHANGING CLIMATE

8.1 Background Information

The Earth's average temperature incre@se to increase in concentrations of
anthropogenic GHGs only one of the signs of a changing climateshown irFigure8-1.

Faster
extinction

Storms
and
hurricanes

Rising global
surface

temperature Melting

glaciers
Shrinking

Increased ‘ 'se sheet Changes in
@ ocean _ precipitatio
acidification '

Sea Level
Rise

Figure 8-1: Signs of a changing climate

Changing Rain and Snow Patterns As temperaturerise and the air warsmug more
moisture evaporasefrom land and water into the atmosphere. More moisture generally
means more rain and snow and more heavy downpours in varying places, times and
guantities than beforeThis resuls in changing ecological processes and species
distributions inmany habitds, higher flood and drought risks, and declining crop and
livestock quality and shifting of crop belts (for example, pineapples which are currently
grown in tropical regions may be cultivated the future in further areas

Increasedfrequency andintensity of extreme weather eventsincluding floods, heavy

rains and storms, drought, heatwavesand fires. Hurricanes and tropical stornase
becoming stronger due to warmer top layer of the ocean, which provides more energy
resulting infager winds ancheavierdownpours At the other extreme, some parts of the
world are experiencingxtended periods of dryeather caused by a lack of rainsnow

i.e., more severe droughfBroughts are linked to changes in how water moves between
atmosphee, land, and oceans (i.e., water cyclehich can affecprecipitationlevels®.

Rising temperatures have also been linked to increased risksildfice season length
Warmer temperatures causing higher evaporation coupled with less rain lead to drier

Shttps://www.nationalgeographic.org/article/understandingughts/?utm_source=BibblioRCM_Row
56 https://www.carbonbrief.org/globaisk-of-wildfires-on-the-rise-asthe-climatewarmsstudy-says
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conditionsandthe risk of wildfires.Observations of extreme weather events are shown in
in Figure 8-2. Extreme events may be disastrous to agriculture especially during the
pollination season.

® More severe or more ™ Less severe or ® No discernible Insufficient data/
likely to occur likely to occur ~ human influence  inconclusive

Heat
Drought (b)
More severe or likely to
occur extreme events due
to human activities from

2004-2018 (red)
0 10 20 30 40 50 60 70

Number of extreme weather events

Rain/flooding

Oceans

_ Cold/ice/snow

and floods

Storms

Figure 8-2: (a) Dragon stormhitting Egypt in March 2020 and (b) Global extreme weather events likely
attributed to human activities (red)> from 2004-2018 based on studies. Heat: heatwaves and wildfires; oceans:
marine heat, coral bleaching, disruption in marine ecosystems

Melting glaciers and shrinking icesheets Ice sheets and glaciers &veatedn theArctic

and AntarcticaRising global surface temperataigave causedheincrease in theate of
melting and loss of sea i€&shown inError! Reference saurce not found.. More than 9
.6 billion tons ofglacial ice ha meltedglobally since 1961 and is increasingaatate of
335 billion tonsyear causingmaverage.7 cm sea level increase sint@61°>°

Figure 8-3: (a) Greenland, (b)Antarctica ice mass change from 2002019and (c) Arctic from 1850-2013

57 https://www.nature.com/articles/d415868-058499
58 https://climate.nasa.gov/vitaigns/icesheets
59 https://www.iberdrola.com/environment/meltiggpcierscauseseffectssolutions
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