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Forward by H.E. Minister of Env ironment  

 

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 the patterns 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 tools 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 world 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 
human activities 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 into 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 the 
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 in 
addressing these issues and the impact of each behavior he follows on the sustainability 
of life. 

I expressed my happiness in producing such educational packages, which will greatly 
contribute to the development of environmental affiliation in the hearts and minds of new 
generations, and I 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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Forward by H.E. Minister of  Education and Technical Education 

 

  

The Ministry of Education and Technical 

Education is constantly striving towards 

developing education in Egypt and 

providing distinguished community services 

in all aspects of the basic education system, 

including students, teachers, supporting 

bodies, principals and classes. The ministry 

also aspires to create an enabling 

environment for students and teachers that 

allows them an update about the latest 

developments in international, regional and 

national issues and participate in 

confronting them. 

Environmental issues 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 that address the 

teachers and provide them with basic information, extracurricular activities, community 

based messages, and illustrations, including videos, articles, and power-point presentations 

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 better future for our dear country and our great peoples. 

 

His Excellency Professor Tarek Shawky 

 

Minister of Education and Technical Education 
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Preface 
 

For the sake of a new generation that has the right to a decent life, 

For a new generation having the right to a fair share of the its countryôs natural resources, 

For a new generation having the right to be secured against hunger, poverty, illiteracy and 

illness, 

For the sake of a new generation that has the right to breathe clean air and enjoy a clean 

environment, 

For new generations that will pay dues of coexisting with the thoughtlessness of previous 

generation, 

For raising generations that will adopt the concepts of rational use of the natural resources 

that God   has blessed us with, and 

In support for enhancing our level of compliance with multi-lateral environmental 

agreements,  

 

The Capacity Building Project  (CB3) executed by the Ministry of Environment, and 

supported by the Global Environment Facility (GEF) and the United Nations Development 

Program (UNDP), presents this effort to enhance the capabilities of our teachers and 

provide them with further sources of knowledge and basic information regarding 

environmental issues, especially climate change, conservation of biological diversity, 

combating desertification and achieving environmental sustainability. 

We are pleased to contribute to the efforts to establish environmental awareness and belief 

within the personality of school students under prospective of green transformation within 

the Egyptian society. 

May God protect our country, and may God bless 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: Weather describes daily, weekly or monthly conditions of the atmosphere for a 

place. Atmospheric conditions consist of temperature, atmospheric pressure1, relative 

humidity, precipitation, cloud coverage and wind2, which are defined in Figure 1-1 

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

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

weather forecast for Cairo3 are shown in Error! Reference source not found. (a), (b), a

nd (c) respectively. 

 

Figure 1-2: (a) Atmospheric pressure with altitude ((modified from reference4), (b) wind created by uneven heating 

Earth5, and (c) weekly weather forecast for Cairo 

 
1An atmosphere represents the average air pressure at sea level and at 15ǓC. 1 atm corresponds to 

1,013 millibars, or 760 millimeters of mercury.  
2 https://www.weatherwizkids.com/weather-wind.htm 
3 https://weather.com/weather/today/l/30.04,31.24?par=google&temp=c 
4https://flexbooks.ck12.org/cbook/ck-12-middle-school-physical-science-flexbook-

2.0/section/12.3/primary/lesson/air-pressure-and-altitude-ms-ps 
5 https://www.youtube.com/watch?v=Z1hHynbleB8&ab_channel=chrvojeengineering 
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Most weather occurs in the part of Earthôs atmosphere closest to the ground, troposphere 

 

Climate: Climate reflects the average weather conditions over a minimum of 30 years for 

a specific place. Overall climate for a location in time is described based on 

characteristics of the atmosphere (air), hydrosphere (oceans, seas, lakes), cryosphere 

(soils and rocks), land surface, and biosphere (living 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 falls. The Köppen climate classification system 

categorizes different climate regions on Earth based on local vegetation into 5 zones as 

shown in Figure 1-3. 

 
Figure 1-3: Earth climate regions based on the Köppen climate classification system 

Climate regions categorized according to the Köppen climate classification system are 

shown in Figure 1-4. 

 
Figure 1-4: Köppen-Geiger climate classification map from 1980-20166 

 

Role of Earthôs Rotation and Orbit Changes on Climate 

The sun is a major influencer of weather and climates. The amount of sunlight depends on 

Earthôs orbital movement. Earth circles the Sun in roughly 365 days at a rate of about 

108,000 kilometers per hour! Earth's orbit defines a nearly circular 2-D plane; the ecliptic. 

The eccentricity, which is a measure of the amount by which the orbit deviates from a circle 

 
6 Beck, H., Zimmermann, N., McVicar, T. et al. Present and future Köppen-Geiger climate classification 

maps at 1-km resolution. Sci Data 5, 180214 (2018). https://doi.org/10.1038/sdata.2018.214 

https://www.nature.com/articles/sdata2018214/figures/1 

Climate Zones

A

Tropical or 
equatorial  

(blue)

B

Arid or dry 

(red, pink, and 
orange)

C

Warm/mild 
temperate

(green)

D

Continental 
(purple, violet, 
and light blue) 

E 

Polar (gray)

https://doi.org/10.1038/sdata.2018.214
https://www.nature.com/articles/sdata2018214/figures/1
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varies over about 100,000 years between slightly more or less elliptical (0.34% ï 5.8%) as 

a result of gravitational attractions among the planets.  Variations 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 tilted axis, which results 

in different areas receiving variable sunlight over the year and in different climatic zones 7 

as shown in Figure 1-5a.  Winter in the northern hemisphere occurs in December when the 

earth is in a position on the ecliptic where its axis is tilted such that the northern hemisphere 

is tilted away from the sun, thus in winter radiations from the sun are not perpendicular to 

earthôs surface in the northern hemisphere. 

 
Figure 1-5a: Earthôs tilting and revolving around the sun results in different seasons and climate 

 

Angle of the Earth's axis relative to the ecliptic varies 

between 21.5 ̄ and 24.5 ̄ over a period of 41,000 

years. Combined effect of the Earth's tilt and its 

orbital motion result in the seasons, Figure 1-5b. 

Greater tilt angle means more temperature difference 

between summer and winter! Tilt angle of the Earth's 

axis relative to the ecliptic currently at 23.5 .̄ 

Figure 1-6b: Summer in N. Hemisphere 

Orbital movements known as Milankovitch cycles induce natural changes in climate by 

affecting the amount of sunlight reaching Earth; the timescale of those impacts is on the 

thousands of year timescale. The three types of cycles are due to changes in the shape of 

Earthôs orbit (eccentricity), the angle that Earthôs axis is tilted with respect to Earthôs orbital 

plane (tilt angle), and the direction of Earthôs spin axis (wobble) as shown in Figure 1-7 

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

takes Earth's axis about 26,000 years to complete a circular "wobble." This wobble is called 

axial precession 

Role of Oceans on Climate 

An ocean current is a continuous, directed movement of sea water generated by a number 

of forces acting upon the water. Forces include wind, breaking waves, temperature and 

salinity differences. The current moves 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 and releases it very slowly, which allows the oceans to stabilize 

global climates resulting in a major influence on weather and climate. Thanks 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/ 

https://spaceplace.nasa.gov/seasons/en/
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quantity of heat from the sun in order to raise its temperature.  Alternatively, water bodies 

cool down slowly during night releasing energy to surroundings).  

 

Figure 1-7: (a) The main elements of Milankovich cycles8 Climate and (b) ocean currents9 

 

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/milankovitch-cycle/ 
9 https://serc.carleton.edu/eslabs/climate/4a.html 
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1.1.1 Self-check/quiz  

Weather is characterized by: 

a) Temperature, atmospheric pressure, wind, relative humidity, wind, cloud coverage 

and precipitation (correct answer) 

b) Milankovich cycles and ocean currents 

c) Both a and b  

The Koppen classification categorizes Earth into_____ and Egypt is in the ____zone 

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

(correct answer) 

b) Four seasons: winter, 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 changes on a time scale of days to weeks and months 

b) Weather changes on a time scale of days to weeks  

c) Climate changes on a long-term scale of more than 30 years 

d) Both b) and c) (correct answer) 

1.2 Illustrations of Concepts 

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

the message are presented in Table 1-1. 

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

Concept 
Short description of illustration, 

diagram, video, online course 
Reference, link 

Elements of 

weather 

The video describes the different 

elements of weather and how to 

measure them: temperature - 

precipitation ï humidity ï air pressure 

ï wind ï cloud 

https://www.youtube.com/wat

ch?v=3pPcVxmdC3I&ab_cha

nnel=RoseannBaney 

 

Weather and 

climate 

The video includes the definition of 

weather and climate and how this 

affects our activities 

http://studyjams.scholastic.co

m/studyjams/jams/science/we

ather-and-climate/weather-

and-climate.htm 

https://www.nationalgeograph

ic.org/encyclopedia/koppen-

climate-classification-system/  

https://climate.nasa.gov/blog/

2949/why-milankovitch-

orbital-cycles-cant-explain-

earths-current-warming/  

Atmospheric 

pressure 

Definition for atmospheric pressure 

and relationships to temperature, 

altitude, moisture 

https://scienceexplorers.com/

how-to-teach-kids-about-air-

pressure/  

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/
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Concept 
Short description of illustration, 

diagram, video, online course 
Reference, link 

Difference between 

weather and 

climate 

The video explains the differences 

between weather and climate and 

introduces briefly the concept of 

climate change and NASAôs role in 

observing the climate 

https://climatekids.nasa.gov/w

eather-climate/ 

 

Weather and 

Climate 

Graphical representation of weather 

and climate and introduces the idea of 

climate change as well as hints of 

NASAôs role in observing the 

changing climate 

file:///C:/Users/enas.INTEGR

AL/Downloads/weather-

climate_poster.pdf 

 

Why do we have 

different seasons? 

Earthôs tilting and revolving around the 

sun cause different weather and 

climate around the world 

https://spaceplace.nasa.gov/se

asons/en/ 

 

https://www.youtube.com/wat

ch?v=nKTB9hFH6nc&featur

e=youtu.bdfEe&ab_channel=

NASAeClips 

Milankovich cycles 
Earthôs orbital changes-Milankovich 

cycles 

https://climate.nasa.gov/blog/

2949/why-milankovitch-

orbital-cycles-cant-explain-

earths-current-warming/ 

Earthôs seasons 

Earth orbit affect the amount of energy 

that the Earth receives from the sun 

and accordingly different temperature 

(seasons). 

 

https://spaceplace.nasa.gov/se

asons/en/ 

https://www.sciencemag.org/

news/2019/05/500-million-

year-survey-earths-climate-

reveals-dire-warning-

humanity  

Factors that affect 

climate change ï 

Earth orbit the sun 

Hands-On Activity: Reasons for the 

Seasons 

sdo.gsfc.nasa.gov/assets/docs/

Book2_resources.pdf  

https://climate.ncsu.edu/edu/C

omposition  

1.3 Student Engagement Activities  

1.3.1 Activity 1 

Objective: The objective of this experiment is to measure and collect atmospheric 

temperature every day for a month for different areas across Egypt and demonstrate 

trends and variability (by day and region.)  

Materials:  one outdoor thermometer and access to internet for research. 

Procedure:  

A- Classroom activity  

1. Demonstrate to students on safe use and reading of a thermometer 

2. Select location for daily measurements 

3. Place outdoor thermometer at the same location and at the same time everyday 

4. Collect the reading for the outside air temperature using Table 1-2 

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
https://www.youtube.com/watch?v=nKTB9hFH6nc&feature=youtu.bdfEe&ab_channel=NASAeClips
https://www.youtube.com/watch?v=nKTB9hFH6nc&feature=youtu.bdfEe&ab_channel=NASAeClips
https://www.youtube.com/watch?v=nKTB9hFH6nc&feature=youtu.bdfEe&ab_channel=NASAeClips
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://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
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5. Describe the presence or absence of sun, cloud, and/or precipitation (rain/snow 

etc.) 

 

Discussion questions: Do 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  

Location Date 
Tim

e 

Temperature 

(ǓC) 

Sun 

(yes/no/partial) 

Cloud 

coverage 

(yes/no/partial) 

Precipitation 

(mm) 

       

       

       

       

 

1.3.2 Activity 2 

Objective: The objective of this exercise is to distinguish between characteristics of 

weather and climate.  

Materials:  paper and 12 flash cards with information in the answered table 

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

Point of 

comparison 
Weather Climate 

Definition     

Components    

Variability    

Forecasting    

Duration    

Science    

 

Correct answers: 

Point of 

comparison 
Weather Climate 

Definition   

Day-to-day condition of the 

atmosphere, and its variation over a 

short period, ranging from minutes to 

days to weeks. 

Long term and average atmospheric 

conditions/patterns for a specific place, 

over a minimum of 30 years  

Components  

Day-to-day atmospheric conditions 

include temperature, atmospheric 

pressure, relative humidity, 

precipitation, wind, clouds 

Average atmospheric pressure, 

precipitation, temperature, humidity, 

sunshine, wind types, speeds and 

direction, fog, frost, and storms over a 

long period of time 
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Forecasting  

Hourly, daily, and weekly 

measurements of atmospheric 

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, daily and weekly  Long term: more than 30 years 

Science  Meteorology  Climatology  
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2 M ESSAGE 2: EARTHôS CLIMATE HISTORY 

2.1 Background Information  

2.1.1 Earthôs Climate History  

Earthôs history spans over 4.6 billion years, which are divided into units of time called eons, 

eras, periods, epochs, and ages. The main eras of the Earthôs history are Archean, 

Proterozoic, Paleozoic, Mesozoic, and Cenozoic eras as illustrated in Figure 2-1. The 

Cenozoic Era began ~ 66 million years ago and extends to the present day.    

  
Figure 2-1: Earthôs geochronological time scale10 

Paleo climatologists define and analyze past climates and patterns through geotechnical 

methods including written records on several geologic features that go back to hundreds 

and thousands of years. These historical records help humans understand how the Earthôs 

climate has changed over time, why these changes happened, and whether these changes 

are part of the Earthôs natural cycles or are induced by human activities. 

Tree rings: are used by scientists to study and understand the Earthôs past climate. This 

field of science is called dendrochronology. Scientists use tree rings to measure the age of 

a tree and understand the local climatic conditions the tree was exposed to during its 

lifetime. During growing season of the trees, the trunk grows in a thicker layer of new wood 

called a tree ring; the differences in the color of the wood between the rings signify different 

growth years. Early in the growing season, trees grow relatively fast and produce less-dense 

 
10 http://www.geologyin.com/2016/12/10-interesting-facts-about-geological.html 
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and pale wood. At the end of the growing season, they produce denser, darker wood. 

Narrow rings may signify poor growing conditions caused by climate stressors such as 

droughts. Studying certain chemicals in the wood can provide information on precipitation 

and temperature patterns11. Figure 2-2 shows an example of a tree ring analysis. 

 

 

Figure 2-2 Example of tree rings analysis (Source: Science news12) 

 

Glacial ice cores: are core samples that are extracted from an ice sheet or a high mountain 

glacier that represents the annual buildup of layers over the years. Cores are drilled 

manually for shallow core sample or using power drills for deep core samples as shown in 

Figure 2-3. Analysis of the particles in each layer provide information about the past 

climatic conditions as they remain in the ice thousands of years later, showing physical 

evidence of events such as volcanic eruptions. As the ice layers compacts over time, tiny 

air bubbles are formed which can determine the types and concentrations of atmospheric 

gases such as carbon dioxide and methane, which affect climate. A sample of an ice core 

and preliminary analysis is shown in Figure 2-3. 

 

 
11 https://sites.google.com/site/drnormanherr/CSCS-Activities/cscs-investigations---biology/tree-rings-climate  
12 https://www.sciencenews.org/article/tree-story-book-explores-what-tree-rings-can-tell-us-about-past  

https://sites.google.com/site/drnormanherr/CSCS-Activities/cscs-investigations---biology/tree-rings-climate
https://www.sciencenews.org/article/tree-story-book-explores-what-tree-rings-can-tell-us-about-past
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Pollen and fossil analysis of sediments and rocks: pollen grains are distinctive for every 

plant class and are often found preserved in sediments (e.g., soil, sand, and volcanic matter), 

in addition to bones and remains (fossils) of human and animal species found in sediments 

and rock formations. Therefore, composition and sedimentation rates change based on local 

environmental conditions. Studying the fossils and pollens indicate the type and age of 

species that were available in the past13. Example of sediment samples and some types of 

pollen grains found within its different layers are presented in Figure 2-4. 

 

 
13 https://www.britannica.com/science/fossil-record  

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

https://www.britannica.com/science/fossil-record
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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 NZ14) 

 

   

Earthôs Atmospheric Composition: The present atmosphere is composed of 78% nitrogen 

(N2), 21% oxygen (O2), Argon 0.9% and 0.1% trace gases (very small amounts.) Trace 

gases include carbon dioxide (CO2), nitrous oxides (N2O), methane (CH4), and ozone (O3) 

among others. Water vapor is also present in the atmosphere varying between 0-4% 

depending on the location. Earthôs atmospheric composition has varied over its history; 

variations are shown in Figure 2-6. For a long period of time (more than 2.5 b years, the 

earthôs atmosphere was anoxic (with no Oxygen) allowing only anaerobic organisms to 

prevail.  A remarkable milestone in earthôs history happened when cyanobacteria (which 

are still existing) started performing photosynthesis absorbing CO2 and releasing O2 as a 

byproduct of its respiration to the atmosphere.  Current O2 levels in the atmosphere were 

not achieved until recently (about 500 million years ago) 

 
14 https://niwa.co.nz/climate/faq/how-do-we-determine-past-climate  

Figure 2-5 Example of rocks deposited layers over the years, and bones and fossils preserved in them (Source: 

Encyclopedia Britannica) 

https://niwa.co.nz/climate/faq/how-do-we-determine-past-climate


  13 

 
Figure 2-6: Composition of the Earth's atmosphere through geologic time15 

 

Glacial and Interglacial Cycles: Over the course of its history, Earthôs climate has 

undergone major changes during cycles known as glacial and interglacial periods. A glacial 

period is a cold period where the Earthôs continental ice sheets grow and expand resulting 

in colder temperatures.  For example, 600 and 800 million years ago during the Proterozoic 

period, Earth underwent an ice age, where ice sheets in polar regions reached sea level near 

Egypt16 (Error! Reference source not found. a) An interglacial period is a warm period w

here the ice sheets shrink, leading to a warmer temperature. The Earth is currently in an 

interglacial period, the Holocene period, which began 20,000 years ago17. For example, 54 

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

amounts of CO2 causing Earthôs global temperatures to increase18,19(Erro r! Reference s

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

 
 Figure 2-7: Earthôs temperature in the (a) Proterozoic and (b) Eocene periods 

Climate and Mass Extinction Events: Climatic conditions define the type of species and 

ecosystems that can be sustained on Earth. The 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 
16https://www.climate.gov/news-features/climate-qa/whats-hottest-earths-ever-been, accessed 28/12/2020 
17 Haywood, A.M. et al. (2019). What can Palaeoclimate Modelling do for you?. Earth System Environment. 

Vol (3), pp 1:18. 
18 https://www.ncdc.noaa.gov/global-warming/early-eocene-period, accessed 28/12/2020  
19 https://wordybirdsci.com/tag/larsenc/ 

https://www.climate.gov/news-features/climate-qa/whats-hottest-earths-ever-been
https://www.ncdc.noaa.gov/global-warming/early-eocene-period
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species or ecosystems is defined as mass extinction events. Major climatic changes such as 

the ice ages (glacial periods) and warmer periods (interglacial periods) are the primary 

drivers for mass extinction events of species and ecosystems. In the last 540 million years, 

Earth experienced 5 to 20 mass extinction events; the five major extinction events are 

highlighted in the sharp spikes in Figure 2-8 and Table 2-120. 

  
Figure 2-8: Major mass extinction events in Earthôs history21  

 

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

Extinction Description Illustrative images 

Late 

Ordovician  

 

440 million 

years ago in 

the Paleozoic 

Era 

Massive glaciation locked up 

water in ice caps that covered 

huge parts of the south polar land 

mass, resulting in reducing marine 

oxygen level causing wipeout of 

small marine organisms. 

 
Late 

Devonian 

 

365 million 

years ago in 

the Paleozoic 

Era 

Many tropical marine species and 

reef-building creatures went 

extinct as oxygen levels dropped 

drastically, and invasive species 

dominated.  

 

 

 
20 https://www.nationalgeographic.com/science/article/mass-extinction  
21https://www.dummies.com/education/science/major-extinction-events-in-earths-history/  

https://www.nationalgeographic.com/science/article/mass-extinction
https://www.dummies.com/education/science/major-extinction-events-in-earths-history/
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Permian-

Triassic 

 

 

250 million 

years ago in 

the late 

Paleozoic 

Era 

The largest mass extinction event 

in Earth's history caused by 

massive volcanic eruptions and it 

affected a wide range of species, 

including many vertebrates. 96 

percent of all marine species and 

about 3/4 species on land died out 

 
Late 

Triassic-

Jurassic 

 

210 million 

years ago in 

the Mesozoic 

Era 

The sudden extinction of about 80 

percent of all land and marine 

species allowed dinosaurs to strive 

and flourish. 

 
Cretaceous-

Tertiary 

 

65 million 

years ago in 

the late 

Mesozoic 

Era 

Most recent mass extinction 

caused by a major asteroid impact. 

It wiped out non-avian dinosaurs, 

and between 50-70 percent of 

plants and animals. It is 

considered a major turning point 

in Earth's history as it marked the 

end of the Cretaceous geologic 

period and the beginning of the 

Tertiary period. 

 

 

In short, over the course of 4.6 billion years of history, Earthôs atmospheric 

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 

The scale that captures the Earthôs history, and is divided into units of time called eons, 

eras, periods, epochs, and ages is called: 

a. The Earthôs budget 

b. The Earthôs geological time scale (correct answer) 

c. The Earthôs mass extinction 

d. Paleoclimatology 

The Earthôs climate has undergone major changes due to: 

a. Glacial periods (ice age) 
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b. Mass extinction 

c. Interglacial periods 

d. a and c (correct answer) 

Mass extinction events are defined 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 

temperatures, 2 

b) the widespread, rapid, and sharp decline in the biodiversity on Earth at a rate faster 

than the rate of reproduction or reconstruction of species or ecosystems, shorter life 

span of species, 3 

c) the widespread, rapid, and sharp decline in the biodiversity on Earth at a rate faster 

than the rate of reproduction or reconstruction of species or ecosystems, large 

changes in global surface temperatures, 5 (correct answer) 

2.2 Illustrations of Concepts 

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

the message are shown in Table 2-2. 

Table 2-2: Various illustration aids for the concepts of Earthôs climate throughout history 

Concept 
Short description of illustration, 

diagram, video, online course 
Reference, link 

Ice Age 
Video telling us interesting and mysterious 

facts about ice age. 
https://youtu.be/Gf_xE59hzk4 

Early 

Eocene 

period 

Talks about Earthôs climate 48 million 

years ago example of interglacial time 

https://www.ncdc.noaa.gov/global-

warming/early-eocene-period 

Proterozo

ic Glacial 
Example of Earthôs glacial time 

https://www.climate.gov/news-

features/climate-qa/whats-hottest-

earths-ever-been 

Mass 

Extinctio

n 

Short film explaining how dinosaurs got 

extinct. 

https://www.biointeractive.org/classr

oom-resources/day-mesozoic-died 

https://www.nationalgeographic.org/

media/age-earth/  

The 5-

mass 

extinction 

Poster 

 

https://www.biointeractive.org/sites/

default/files/media/file/2019-

08/mass-extinctions-2015-poster.pdf 

2.3 Student Engagement Activities  

2.3.1 Activity 1 

Objective: the objective of this activity is to understand and link variability in Earthôs 

atmospheric composition and surface temperature, and extinction events over time. 

Materials: Reporting form for describing climate, Figures within Message 2.  

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
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Procedure: Divide the class into groups and each group should pick a period and 

describe the climate in terms of top 3 most abundant gases in the atmosphere, average 

surface temperature, and extinction events, where applicable in Table 2-3.  

Table 2-3: Reporting form for describing climate  

 Period ï

Era-Earth 

age 

Atmospheric Composition 

CO2, O2, N2, H2O vapor, CH4, H2 

and other (%) 

Average 

surface 

temperature 

(ǓC) 

Mass 

extinction 

events  

(Yes/No) 

Team 

1 

Hadean    

Team 

2 

Archean    

é Proterozoic    

 Paleozoic    

 Mesozoic    

 Cenzoic     

2.3.2 Activity 2 

Objective: the objective is to illustrate Earthôs long history and major events. 

Materials: ruler, paper, pencils, colored pencils/markers or colored paper for each era 

(blue, red, green, yellow), scissors, tape. 

Procedure: 

1. Divide the students into 4 teams- each team would select one era 

2. Use the ruler to measure out each era  

3. Divide each era according to the time and scale shown in Table 2-4 

4. List the major event corresponding to the time  

5. Connect completed eras to another to build Earthôs geological time using tape 

Table 2-4: Major events in Earthôs geological time22 

Time Scale Major Event  Era 

Today 0 cm The Present C
e

n
o

z
o

ic
 E

ra
 

(w
rite

 in
 b

lu
e
) 

~ 100,000 

ya 
0.1 mm 

Homo Sapiens (Modern Form of Human 

Species) 

~ 22 mya 2.2 cm Grasses 

~ 33 mya 3.3 cm First Apes 

~ 50 mya 5 cm Eohippus (First Known Horse) 

65 mya 6.5 cm Cenozoic Era 

~ 65 mya 6.5 cm Dinosaurs Extinction M
e

s
o
z
o

ic
 E

ra
 

(w
rite

 in
 re

d
) 

~ 140 mya 14 cm First Flowering Plants 

~ 200 mya 20 cm Earthworms 

~ 220 mya 22 cm First Mammals 

~ 240 mya 24 cm Start of the age of dinosaurs  

248 24.8 cm Mesozoic Era 

 
22 http://www2.mbusd.org/staff/pware/pdf/GeologicalTimeline.pdf 
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Time Scale Major Event  Era 

~ 330 mya 33 cm Winged Insects P
a

le
o

z
o

ic
 E

ra
 (w

rite
 

in
 g

re
e

n
) 

~ 380 mya 38 cm First Insects 

~ 390 mya 39 cm First Sharks 

~ 395 mya 39.5 cm Amphibians 

~ 400 mya 40 cm Ferns 

~ 440 mya 44 cm First Land Plants 

~ 440 mya 44 cm First Jawed Fish 

540 mya 54 cm Paleozoic Era  

~ 550 mya 55 cm Jellyfish 

P
re

c
a
m

b
e

ria
n

 T
im

e
 

(w
rite

 in
 o

ra
n

g
e

) 

~ 1.8 bya 1 m 8 cm First Eukaryotes 

~ 2.4 bya 
2 m 40 

cm 
Significant rise in oxygen, to ~2% level 

~ 3.5 bya 
3 m 50 

cm 
Prokaryotes (bacteria) 

~ 4.6 bya 
4 m 60 

cm 
Formation of Earth and Moon 

4.6 bya 
4 m 60 

cm 
Precamberian Time 
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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 Earthôs atmosphere back into space, and the rest goes through the atmosphere and 

interacts with the Earthôs surface, including land, rocks, oceans, clouds, gases and 

particulates in the atmosphere. This energy provides the needed heat to warm the Earth as 

shown in Figure 3-1. A considerable amount of heat is absorbed during daytime by oceans 

and seas to warm it up.  

 
Figure 3-1: Heat transfer mechanism contributing to Earthôs energy budget23 

Heat Transfer Mechanisms: There are three main mechanisms of heat 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 boiler pot your figure gets b

urnt because a large quantity of heat is transferred to your skin by conduction. If the pot is 

filled with water and place over a burner, all the water will experience a raise in 

temperature although the burner is in contact with the lower layer of water only.  Heat is 

distributed by convection within the water pot (hot water rises and cold water sinks).  An 

electric heater (using a hot coil) at the far corner of the room will make you feel warm 

because heat is transferred through the air by radiation (electromagnetic waves). 

 
23 http://www.ces.fau.edu/nasa/module-2/energy-budget.php 
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Figure 3-2: Heat transfer mechanisms driving the climate system24  

1. Radiation: the mechanism by which the sunôs energy travels through vacuum then 

through the atmosphere and reaches Earth, and the mechanism by which Earthôs 

surface reflects some of the absorbed energy back into space (or to the atmosphere). 

2. Conduction: it is the direct transfer of 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 the adjacent layer of the atmosphere. The heat energy 

transfers when molecules collide with each another. Therefore, conduction occurs 

where air is in direct contact with the surface (e.g., land or water). 

3. Convection: it is the transfer of heat in a fluid, either gas or liquid, which is the 

mechanism by which heat is transferred 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 and it descends, as illustrated in Figure 3-3. 

Without the merit of convection, lands and water bodies around the equator would 

have experienced very high temperatures, not suitable for living, while areas near 

the poles would have been extremely cold and also unsuitable for sustaining life 

forms that we know.  Solar energy received by radiation is unevenly distributed 

over Earth, because the Sun heats equatorial regions more than polar regions.  The 

atmosphere and ocean work non-stop to even out solar heating imbalances 

through evaporation of surface water, convection, rainfall, winds, and ocean 

circulation. 

 
24 https://scied.ucar.edu/conduction 

https://en.wikipedia.org/wiki/Radiation
https://en.wikipedia.org/wiki/Evaporation
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Figure 3-3: Example of heat transfer by convection25 

The role of Oceans in Heat Transfer: The ocean has a major role in stabilizing Earthôs 

climate system as it can absorb and release large amounts of heat over long periods of 

time. Waves, tides, and currents are responsible for constantly shifting heat from warmer 

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

surface water, or reheats the atmosphere. The heat energy of the ocean increases if it 

stores more heat than it releases which directly affects the global climate26. A map 

illustrating warming of the ocean in terms of heat content and shown by the red shades 

over the period of 1993-2019 is shown in Figure 3-4.  

 
Figure 3-4: Change in ocean heat content from 1993-201927  

 

In short, there are three main mechanisms of heat transfers, responsible for 

conveying energy from sun to earth then distributing it across the earth; radiation 

describes how the sunôs energy travels through vacuum and then through the 

 
25 https://studiousguy.com/examples-convection-everyday-life/ 
26https://www.climate.gov/news-features/understanding-climate/climate-change-ocean-heat-

content#:~:text=Not%20only%20does%20water%20cover,in%20stabilizing%20Earth's%20climate%20syst

em. 
27 https://www.climate.gov/news-features/understanding-climate/climate-change-ocean-heat-content 
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atmosphere reaching Earthôs surfaces (e.g., lands and oceans.) Conduction describes 

direct heat transfer from oceans and lands into the adjacent layer of the atmosphere. 

And, convection, describes how heat is transferred in the atmosphere or in bodies of 

water. 

3.1.2 Self-check/quiz 

What is the term that describes the fluid motion of hot air rising or cool air sinking? 

a) Conduction 

b) Radiation 

c) Convection (correct answer) 

The sun releases energy into space through: 

a) Conduction 

b) Radiation (correct answer) 

c) Convection 

When sunlight heats the ground, which in turn heats the air directly above it, this is an 

example of? 

a) Conduction (correct answer) 

b) Radiation  

c) Convection 

3.2 Illustrations 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 message are shown in Table 3-1. 

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

Concept 

Short description of 

illustration, diagram, video, 

online course 

Reference, link 

Heat Transfer 

(Conduction, 

Convection, 

Radiation) 

Video explains the three heat 

transfer methods and showing 

an example for each method. 

https://www.youtube.com/watch?v=kN

Zi12OV9Xc  

Heat Energy 

Video explains heat energy 

and presents facts about heat 

energy. There is also a mini 

quiz about the video. 

 

https://study.com/academy/lesson/what

-is-heat-energy-facts-calculation-

quiz.html 

Heat transfer 

mechanisms 

Self-check quiz on heat 

transfer mechanisms 

https://www.proprofs.com/quiz-

school/quizshow.php?title=heat-

transfer-convection-conduction-

radiation&q=1 

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


  23 

Concept 

Short description of 

illustration, diagram, video, 

online course 

Reference, link 

https://study.com/academy/practice/hea

t-transfer-quiz-worksheet-for-kids.html 

https://study.com/academy/practice/qui

z-worksheet-common-mechanisms-of-

heat-transfer.html 

http://www.ces.fau.edu/nasa/images/En

ergy/EnergyTheDriverOfClimate.pdf  

Heat transfer by 

radiation 
Student activity (experiment) 

https://www.esrl.noaa.gov/gmd/educati

on/info_activities/pdfs/LA_radiation.p

df 

Heat transfer in 

the context of 

climate science 

Academic overview on the 

fundamentals of climate 

science 

http://www.ces.fau.edu/nasa/images/En

ergy/EnergyTheDriverOfClimate.pdf 

Heat transfer in 

the context of 

climate science 

Academic overview on the 

transfer of the Sunôs Energy 

through Earthôs Systems with 

illustrations and suggested 

additional readings and 

sources 

Florida Department of Education: 

https://fl-

pda.org/independent/courses/elementar

y/science/section3/3c6.htm 

https://climatekids.nasa.gov/ocean/#:~:

text=The%20ocean%20is%20great%2

0at,coal%2C%20and%20natural%20ga

s.)&text=The%20ocean%20absorbs%2

0carbon%20dioxide%20from%20the%

20atmosphere%20wherever%20air%2

0meets%20water.  

3.3 Student Engagement Activities: 

3.3.1 Activity 1  

Objective: The objective of this activity is to demonstrate the three heat transfer 

mechanisms (conduction, convection, and radiation) using a hot cooking pot as illustrated 

in Error! Reference source not found.. 

Materials: cooking pot, water, small stove. 

Procedures:  

1. Fill the cooking pot with water and put it on the small stove  

2. Leave the water to boil for 3-4 minutes 

3. Fill the empty diagram 

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
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
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 heat transfer mechanisms  

Correct answers: 

 

3.3.2 Activity 2 

Objective: the objective to identify solar radiation  

Materials: Playground, outdoor space 

Procedures:  

1. Stand in a sunny spot first  

2. Stand in a shaded area  

Discussion questions: How do sunny and shaded areas differ (hint: feeling 

warmer/cooler)? Why? What kind of heat transfer is responsible?    

3.3.3 Activity 3 

Objective: Illustrate the concept of heat transfer by Conduction 

Materials: 2 cups filled with hot water, 2 utensils with different materials (wood, metal) 

Procedures:  
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Step1: Place each utensil in hot water. 

Step2: Leave utensils in the water for a minute. 

Step3: Carefully touch the ends of each utensil.  

Discussion questions: 

Which material produce 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, wood and plastic, three cuts of butter, stop watch 

Procedures: 

Step1: Place the water pot on the hot plate to heat up 

Step 2: Once the water starts boiling, carefully add the three spoons/objects 

Step 3: Wait a few minutes for the spoons to heat up.  

Step 4: 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 to measure time taken to melt the butter on each 

spoon in  

Table 3-2.  

 

Figure 3-6: Experiment setup 28 

 

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 https://layers-of-learning.com/heat-conduction-experiment/ (accessed on 20 May, 2021) 

https://layers-of-learning.com/heat-conduction-experiment/
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3.3.5 Activity 5 

Objective: Some colors absorb more heat than others 

 

Materials: Three thermometers, black paper, white paper, outdoor space 

 

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 them 1-3, with 

one as the hottest. 

Step 4: Wait a few minutes. 

Step 5: Record your results by coloring the tubes of the thermometers. 

Step 6: Look at the results and number the thermometers 1-3 with one as the 

hottest.  

 

Discussion questions: 

How well did you predict? 

 

Figure 3-7: Recording observation 
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4 MESSAGE 4: EARTHôS THERMODYNAMIC BALANCE 

4.1 Background Information  

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

Every material has its own specific 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 temperature.  When the spoon is moved away from the 

flame, it starts 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 observations are noted with 

one major difference; the temperature rise for the wooden spoon will be much less than the 

metallic one. Also, the time taken by the wooden spoon to cool down will be longer. This 

is expected as the specific heat for woods is 4 to 5 multiples of that for iron or copper or 

aluminum.   

The climate system is stabilized by a balance between the incoming energy from the sun 

and the outgoing energy from Earth as illustrated in Figure 4-1; the balance is also referred 

to as Earthôs energy balance (or thermodynamic balance). The balance is governed by the 

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 another (i.e., incoming energy entering 

the Earth equals outgoing energy).  

 
Figure 4-1: Application of law of conservation of energy to the Earthôs energy balance 

Solar irradiance is defined as the amount of solar energy received by a unit area at earthôs 

surface of per unit of time. Solar irradiance, at earthôs surface, represents the rate at which 

solar light energy falls onto a unit surface and is measured in watts per square meter 

(W/m2)29 (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 second). Solar (light) 

energy consists of a train (spectrum) of electromagnetic waves ranging from low to high 

energy. High energy is associated with short wave lengths (ultraviolet range), while low 

energy waves are associated 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/EnergyTheDriverOfClimate.pdf (accessed: January 5, 2021) 

http://www.ces.fau.edu/nasa/images/Energy/EnergyTheDriverOfClimate.pdf
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Figure 4-2: Solar irradiance spectrum above atmosphere and at surface30 and electromagnetic spectrum31 

 

While the sun emits radiation of all wavelengths, the type and intensity of the waves 

reaching Earthôs surface varies depending on factors including the Earthôs orientation to 

the Sun and interactions with matter as radiation reaches the atmosphere. Interactions 

include absorption and reflection of the radiation. The very top of the atmosphere is rich 

in ozone (O3), which absorbs most of the incoming high energy shortwave ultraviolet 

radiation. As radiation travels into the lower layers of the atmosphere, it experiences 

partial reflection and absorption from clouds and atmospheric particulates and gases. 

Radiation received at the surface of the earth mainly falls in the visible and infrared 

regions of the spectrum shown in Figure 4-3.  

 
Figure 4-3: Radiation intensity of electromagnetic waves reaching the Earth32 

 

Energy flows describing the Earthôs energy balance are depicted in Figure 4-4. 

 
30https://www.researchgate.net/figure/Solar-irradiance-spectrum-above-atmosphere-and-at-

surface_fig3_312225770 
31 https://www.sciencelearn.org.nz/image_maps/63-the-electromagnetic-spectrum 
32 http://www.ces.fau.edu/nasa/module-2/radiation-sun.php 
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Figure 4-4: Earthôs energy balance33 

¶ Incoming solar (light) energy from the sun at top of atmosphere is equivalent to 

341 W/m2 

¶ About 79 W/m2 of the incoming energy is reflected to space by clouds (mainly),   

¶ 23 W/m2 of the energy reaching down to earthôs surface is reflected to space. 

Ice (around poles and glaciers) reflects most of the incoming radiations.   

¶ Of the remaining energy passing, ~161 W/m2 is absorbed by the Earthôs surface 

(land and Oceans), while ~ 78 W/m2 is absorbed by the atmosphere. The 

absorbed energy is then redistributed across the earth and atmosphere mainly 

by convection (air and water currents).  About 80 W/ m2 are expended as latent 

heat to evaporate water from oceans and sea (which will later form clouds and 

eventually condenses back to rain while releasing the latent heat).  

¶ Liquid water molecules absorb incoming heat energy, which causes change 

from liquid to gas, i.e., evaporation; the absorbed heat is stored in the vapor and 

is called the latent heat of evaporation. When water vapor condenses back into 

rain (liquid water), energy in the form of latent heat (~80 W/m2) is released to 

the atmosphere.  

On the other hand; 

¶ Around 17 W/m2 of the energy absorbed by earthôs surface (previously 

estimated at 161 W/m2) is released and redistributed by convection (heat 

transfer between Earthôs surface and air). This amount of energy is referred to 

as sensible heat, which comes from contact with the warmer air resulting from 

the release of latent heat. Both; latent (80 W/m2) and sensible (80 W/m2)  heat 

are responsible for the movement of air molecules that induce winds. 

 
33 https://scied.ucar.edu/learning-zone/how-climate-works/energy-budget 
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¶ At night, the earth cools down and its surface radiates back lower energy and 

longer wavelengths in the infrared region at 396 W/m2. At this stage, a simple 

thermodynamic balance for earth would show that its average surface 

temperature would be -18 ºC; a temperature so low that all water on earth would 

freeze, oceans would turn into ice and life, as we know it, would not exist.  

¶ In fact, most of infrared radiations emitted by earth while cooling (356 W/m2) 

is absorbed by clouds and certain gases within the atmosphere, called 

greenhouse gases while only about 40 W/m2 from the total emitted infrared 

radiations (396 W/m2) is radiated back into space. Around 332 W/m2 is 

reemitted (back radiation) and absorbed by the earthôs surface due to greenhouse 

gases in the atmosphere 

¶ Outgoing longwave radiation is ~239 W/m2, where atmosphere and clouds emit 

around 199 W/m2 into space 

Therefore, incoming solar radiation is higher in energy and has shorter wavelengths than 

those re-emitted during cooling of earthôs surface and then captured and reemitted due to 

the greenhouse effect. A satellite map showing the infrared radiation emitted by Earth in 

September 2008 is illustrated in Figure 4-5. 

 
Figure 4-5: A satellite map showing the distribution of infrared radiation emitted by Earth in September 200834 

 

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 atmosphere. Incoming solar radiation is higher 

in energy and has shorter wavelengths than those re-emitted during cooling of earthôs 

surface and then captured and reemitted due to the greenhouse effect and 

corresponding 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 sun and eventually emits an equal amount of energy due 

to: 

a) Conservation of matter 

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

c) Climate change 

d) Radiation 

Back radiated energy from the surface and absorbed and reemitted by the atmosphere has 

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 the above 

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 x-ray 

c) UV, gamma, and infrared 

d) Visible only 

4.2 Illustration s of Concepts 

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

the message are shown in Table 4-1. 

Table 4-1: Various illustration aids for the concepts of earthôs thermodynamic balance 

Concept 
Short description of illustration, diagram, 

video, online course 
Reference, link 

Earthôs 

Energy 

Balance 

Video explains the Earthôs Energy Balance 

and shows how it may influence the Earthôs 

temperature. 

https://youtu.be/DOAqECd70

Ww 

https://energyeducation.ca/enc

yclopedia/Earth%27s_energy_

budget   

https://earthobservatory.nasa.g

ov/features/EnergyBalance  

Activities for Earthôs energy balance 

https://climate.ncsu.edu/edu/E

nergyBalance 

 

Solar power drives Earthôs climate. Energy 

from the Sun heats the surface, warms the 

atmosphere, and powers the ocean currents 

https://earthobservatory.nasa.g

ov/features/EnergyBalance 

 

what if" scenarios with our planet's energy 

balance. 

https://scied.ucar.edu/interactiv

e/earths-energy-balance 

 

https://youtu.be/DOAqECd70Ww
https://youtu.be/DOAqECd70Ww
https://energyeducation.ca/encyclopedia/Earth%27s_energy_budget
https://energyeducation.ca/encyclopedia/Earth%27s_energy_budget
https://energyeducation.ca/encyclopedia/Earth%27s_energy_budget
https://earthobservatory.nasa.gov/features/EnergyBalance
https://earthobservatory.nasa.gov/features/EnergyBalance
https://climate.ncsu.edu/edu/EnergyBalance
https://climate.ncsu.edu/edu/EnergyBalance
https://earthobservatory.nasa.gov/features/EnergyBalance
https://earthobservatory.nasa.gov/features/EnergyBalance
https://scied.ucar.edu/interactive/earths-energy-balance
https://scied.ucar.edu/interactive/earths-energy-balance
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4.3 Student Engagement Activities 

4.3.1 Activity 1 

Objective: the objective of this activity is to demonstrate the components of the Earthôs 

energy balance and the mechanisms of energy exchange between the Sun and Earth.  

Materials: flash cards, the diagram of Earthôs energy balance.  

Procedures: 

1. Distribute and explain the diagram of the Earthôs energy balance, which consists of 

the main elements of the Energy balance system: the sun, space, atmosphere, Earthôs 

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 Earth and assign the 

processes using the flash cards 

 
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 

atmosphere 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, water, 2 lightened candles or gas lighters/match, stop watch 

Procedures: 
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Step1: 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 watch and record your observation in Table 4-2. 

 

Table 4-2: Record observation  

Time in seconds Air balloon Partially filled 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: The water balloon has higher specific heat. The air balloon pops faster while the 

water balloon remains for a longer time because water takes mor energy to heat and raise 

its temperature when compared to air. 
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5 M ESSAGE 5: CLIMATE FORCING  

5.1 Background Information  

Earthôs energy balance is dependent on incoming and outgoing radiation; changes imposed 

on either incoming or outgoing radiation will cause a shift in the balance, i.e., an imbalance. 

Climate forcing is defined as ñthe energy imbalance imposed on the climate system either 

externally (naturally) or by human activities35.ò Positive forcing of the energy balance 

results when more energy is incoming from the Sun compared with that outgoing from 

Earth. Positive forcing has a warming effect on the climate. Negative forcing results when 

incoming energy from the sun is less than the outgoing energy from earth thus resulting in 

a cooling effect on the climate.  In simple words it is a factor which forces the earthôs 

climate to change.  

Climate forcing is classified into radiative and non-radiative forcing. Radiative forcing 

describes changes imposed on Earthôs radiation balance by directly affecting the radiation 

budget as shown in Figure 5-1. Non-radiative forcing is due to causes not directly 

interacting with radiation. For example, changes in evapotranspiration rates due to 

agriculture irrigation.   

 
Figure 5-1: Radiative forcing caused by human activities since 175036  

Direct radiative forcing results when the changes in energy balance are caused by direct 

interaction with radiation. For example, more GHGs lead to more absorption and re-

emission of infrared radiations causing direct radiative forcing. Indirect radiative forcing 

 
35 https://www.nap.edu/read/11175/chapter/3#15 
36 https://www.epa.gov/climate-indicators/climate-change-indicators-climate-forcing 
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results if the energy imbalance is due to a component of the climate system37 that has 

undergone changes itself. For example, changes in the sizes of cloud particles, which then 

encounter radiation cause indirect radiative forcing. Radiative forcing is determined from 

the difference between incoming and outgoing energy and is expressed in W/m2.  

Drivers of radiative forcing consist of changes in solar irradiance, emissions from volcanic 

eruptions, changes in concentrations of GHGs and small solid/liquid particles suspended in 

the air also known as aerosols, all of which cause changes or imbalances in the incoming 

and outgoing energy between the Earth and the Sun (space). The Earthôs energy balance is 

illustrated in Figure 5-2, which shows the flow of radiation into and out of the Earthôs 

surface. 

 

Figure 5-2 the Earthôs energy balance 

 

Error! Reference source not found. displays the principal drivers of radiative forcing. P

ositive forcing contributes to the warming of Earth, whereas negative forcing contributes 

to cooling the Earthôs surface. 

Table 5-1: Examples for human-induced (anthropogenic) forcing and natural forcing 

Type of forcing Human-caused Natural forcing  

 
37 Climate system 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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Positive 

GHGs from manmade activities: 

CO2, CH4, N2O, O3 in lower 

atmosphere/troposphere, 

halocarbons, SF6 

Natural changes in GHGs 

concentrations in troposphere : 

CO2, CH4, N2O, O3 

Earthôs orbital changes; 

eccentricity, axis tilt, wobble 

Aerosol: Black carbon (BC also 

known as soot) 

Solar irradiance 

Aerosols: biomass (BC and 

OC) 

Negative 

Aerosols: Sulfate aerosols, 

nitrate aerosols 

Aerosols: Ash and other 

particles from volcanic 

eruptions 

Aerosols: organic carbon (OC) 
Aerosols: mineral dust and 

marine aerosols (sea salt) 

Clouds (indirect effect) 
Clouds 

Earthôs orbital changes 

The effect of cooling resulting from the Mount Pinatubo volcanic eruptions in 2001 in the 

Philippines, where layers of aerosols blocked solar radiation and reduced the global 

average temperatures by 0.6 ºC for almost 2 years is shown in Error! Reference source n

ot found.. 

 

Figure 5-3: The effect of cooling resulting from volcanic eruptions38 

Radiative forcing caused by individual gases and aerosols and total radiative forcing since 

1750 to 201139 are presented in Figure 5-4. The radiative forcing of a particular factor, such 

as carbon dioxide (CO2) concentrations represents the change in the energy balance that 

results from the increase in CO2 concentrations. Positive forcing caused by human activities 

results from long-lived GHGs (CO2, CH4, N2O, and Halogenated gases), short-lived 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 shown in Figure 5-4a, CO2 has the 

 

 

 
39 Myhre, G., D. Shindell, et al., 2013: Anthropogenic and Natural Radiative Forcing. In: Climate Change 2013: The 

Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel 

on Climate Change 
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highest human-caused positive radiative forcing of 1.82 W/m2, followed by methane and 

carbon black (aerosol). Figure 5-4b shows that the biggest contributors to negative radiative 

forcing are sulphate aerosols followed by nitrate aerosols resulting from human activities. 

The third contributor to negative forcing is naturally existing mineral dust and marine 

aerosols (sea salt). Organic carbon aerosols result from biogenic sources as well as human 

activities such as the combustion of fossil fuel and biomass; organic carbon aerosols are 

released either as primary aerosol particles or as volatile organic compounds, which 

undergo further atmospheric reactions with other gases and particles resulting in secondary 

organic aerosols. Organic carbon aerosols consist of many different hydrocarbon-based 

compounds and contribute to negative forcing 40. 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 in Figure 5-4c. 

 

Figure 5-4: (a) positive, (b) negative radiative forcing caused by gases and aerosols and (c) total radiative forcing 

changes from 1750 to 2011 

Feedback occurs when outputs of a system are routed back as inputs as part of parts of a 

chain of cause-and-effect that forms a circuit or loop. (+ive) or cooling (-ive).  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 climate.  However, warming, 

 
40 https://www.ipcc.ch/site/assets/uploads/2018/03/TAR-06.pdf  

https://www.ipcc.ch/site/assets/uploads/2018/03/TAR-06.pdf
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in turn, leads to more evaporation from oceans which increases the water vapor content of 

the atmosphere. Water vapor, being in itself an effective GHG, will result in further 

warming.  This effect is called a (+ive) feedback.  Negative feedback occurs when its 

effect tends to reverse the forcing effect. 

In short, Earthôs energy balance is dependent on incoming and outgoing radiation; 

changes imposed on incoming or outgoing radiation either externally (naturally) or 

by human activities will cause a shift in the balance, i.e., an imbalance, a forcing. A 

positive forcing signifies changes cause less 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 climate. Changes 

are due to direct interactions between radiation 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 nitrous 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 forcing agents affect Earth by _____, while positive forcing agents affect Earth 

by _____ 

a) Warming and cooling 

b) Cooling and warming (correct answer) 

c) No changes and warming 

Positive forcing agents include  

a) All aerosols and gases produced by human activities 

b) Aerosol-radiation interaction and clouds  

c) Well mixed greenhouse gases CO2, CH4, N2O, halocarbons and some aerosols (black 

carbon) (correct answer) 

The overall RF today compared with pre-industrial times is ______ causing a _____ and 

is mainly due to _____ 

a) Positive, warming, increased levels of CO2, N2O, CH4, halocarbons (correct answer) 

b) Negative, cooling, aerosols and clouds 

c) Negative, warming, increased levels of CO2, N2O, CH4, halocarbons 

5.2 Illustrations of Concepts 

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

the message are shown in Table 5-2.  
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Table 5-2: Various ill ustration aids for the concepts of climate radiative forcing 

Concept 
Short description of illustration, 

diagram, video, online course 
Reference, link 

Radiative 

Forcing 

Components 

Video explains different radiative forcing 

components and how each one influences 

the climate and how each one differs from 

the other. 

https://youtu.be/hVvzVs1AKG

Y 

https://climate.nasa.gov/blog/2

949/why-milankovitch-orbital-

cycles-cant-explain-earths-

current-warming/  

Radiative 

forcing 
Definitions of concepts 

https://www.nap.edu/read/111

75/chapter/3#27  

https://www.ipcc.ch/site/assets

/uploads/2018/02/WG1AR5_C

hapter08_FINAL.pdf  

https://eol.jsc.nasa.gov/Search

Photos/photo.pl?mission=STS

043&roll=22&frame=11  

https://www.ipcc.ch/site/assets

/uploads/2018/02/WG1AR5_C

hapter08_FINAL.pdf  

 

Anthropogenic and natural radiative 

forcing 

N.B: more advanced resource 

https://www.ipcc.ch/site/assets

/uploads/2018/02/WG1AR5_C

hapter08_FINAL.pdf  

 
Video showing role of Earthôs orbitals on 

climate 

https://climate.nasa.gov/blog/
2949/why-milankovitch-
orbital-cycles-cant-explain-
earths-current-warming/  

 

Graph showing radiative forcing of 

different agents between 1750 and 

2011 

https://science2017.globalchange
.gov/chapter/2/ 

Global 

warming 

Video explaining global warming and the 

influence of the forcing. 
https://youtu.be/oJAbATJCugs 

5.3 Student Engagement activities 

5.3.1 Activity 1 

Objective: the objective is to demonstrate the role of human activities on climate by 

identifying components from daily lives causing RF. 

Procedure: Each group should select radiative forcing component, identify their 

anthropogenic sources, and classify type of forcing. 

Group 
Human-caused agents Main sources 

Type of forcing 

(positive/negative) 

 CO2   

 CH4   

 N2O   

 O3 (lower 

atmosphere/troposphere) 

  

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
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 Halocarbons   

 SF6   

 Aerosol: Black carbon (BC also 

known as soot) 

  

   

 Sulfate aerosols,    

 Nitrate aerosols   

 
Organic carbon (OC) (primary) 

  

   

 

5.3.2 Activity 2 

Carbon dioxide is an important element of radiative forcing. Carbon dioxide has a 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 and negative 

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 naturally in the Earth's atmosphere as shown in Figure 5-5. It is 

naturally cycled between the atmosphere, the oceans, the land, and the plants during 

photosynthesis. The oceans and plants absorb millions of tons of carbon dioxide from the 

Earthôs atmosphere yearly. However, this carbon dioxide is emitted back into the 

atmosphere through respiration, fires, and the oceans. The natural process of emitting and 

absorbing carbon dioxide sustains the Earthôs carbon dioxide balance. Human activities, 

such as the burning of fossil fuels (coal, oil, and natural gas) add carbon dioxide to the 

Earthôs atmosphere. 
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Figure 5-5: The carbon cycle 

Determine from Figure 5-5 the main sources of climate forcing and their type (positive or 

negative) and their effect (cooling or warming) and fill the answers in the table below. 

Source of climate forcing Type of forcing 

(positive/negative) 
Their effect 

   

   

   

   

  

Correct answer: 

Source of climate forcing Type of forcing 

(positive/negative) 
Their effect 

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 effect is the Earth's natural warming, which results when certain gases in 

the atmosphere trap infrared radiation emitted from the surface of the earth while cooling 

that would otherwise escape into space in the absence of these gases as shown in Figure 

6-1. Fifty percent of the sunôs energy reaching Earth is reflected back to space. The other 

50 %is absorbed by the Earthôs climate system to provide sufficient heat for lands, oceans, 

and the atmosphere. 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 gases then redirected back 

to Earth, which builds up additional warming inside the Earthôs system.  

 
Figure 6-1: Greenhouse Effect41 

6.1.2 Greenhouse gases (GHGs) 

Due to their chemical nature and shapes/structures, GHGs are capable of absorbing and re-

emitting infrared radiation. Infrared radiation is low energy enough that it does not destroy 

the structure of the gas, but only gives it extra energy (vibration of molecules) that is then 

released back and thereby ótrappingô heat. The principal gases responsible for trapping heat, 

i.e., the greenhouse effect, are water vapor, carbon dioxide, methane, nitrous oxide, and 

halocarbons (e.g., fluorinated gases such as Freon used in refrigeration and cooling, 

dichloro diphenyl trichloroethane (DDT) used in insecticides, and Methyl Chloride used in 

solvents, cleaning metals, and adhesives) 

 
41 http://www.change-climate.com/Greenhouse_Gases.htm 
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GHG emissions result from both natural and anthropogenic sources. Natural sources 

include: 

¶ Decomposition of animal species and vegetation: when animals and plants die, 

their dead organisms are eaten up by decomposers42 and the carbon in them 

returns to the atmosphere as carbon dioxide or methane. In some conditions, 

decomposition is blocked and the plant and animal remains may fossilize43. 

¶ 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 human-caused forest fires, which are considered dangerous and 

cause adverse effects on the Earthôs climate system. 

¶ Outgassing of volcanoes: Volcanic eruptions release GHGs, including water 

vapor, carbon dioxide (CO2), sulfur dioxide (SO2), carbon monoxide (CO), 

hydrogen sulfide (H2S), hydrogen gas, nitrogen, and methane (CH4). Lighter 

gases such as hydrogen and helium escape into space, but the heavier gases 

remain in the atmosphere 

¶ Wetlands: Wetlands are complex systems of plants, soil, and aquatic 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 plants forcibly metabolize under anaerobic conditions (i.e., 

lack of oxygen), leading to methane production. The methane is released to the 

atmosphere via diffusion, transported through plant tissue and gas bubbles. The 

stability of water in wetlands and the transport efficiency through plants can 

affect the amounts of methane released from its soil44. 

¶  Earthquakes: Scientists found evidence that beneath the Earthôs seas, there are 

pockets of methane trapped in the Earthôs shallow layers of its crust in the form 

of methane hydrates, which is a solid ice-like crystalline structure of methane 

and water. Earthquakes cause these pockets to fracture and the methane gas is 

released into the atmosphere bubbling upwards through the sea waters45.  

Anthropogenic sources of emissions primarily include burning of fossil fuels for energy 

production, agricultural practices, land-use change, waste management and treatment 

activities, and numerous industrial processes as shown in Figure 6-2.  

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

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

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


  45 

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

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

 

Figure 6-3. 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 its lifetime, and its global warming potential (GWP), which 

reflects how effective the gas is at trapping heat in the atmosphere over a 100-year period 

relative to CO2 when used as the reference. GHG emissions are usually represented in terms 

of mass of carbon dioxide equivalents (CO2e), which are calculated by multiplying 

emissions masses of any GHG by the GWP of the gas relative to CO2.  
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Figure 6-3: GHG factors affecting 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, fish, algae and 

photosynthetic bacteria are the main elements absorbing carbon. In the case of forests, 

carbon absorption is done through photosynthesis processes by plants and trees. Leaves 

absorbs CO2 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 as a bi-product to support several forms of aerobic 

organisms.  Besides natural sinks, there are man-made methods designed to capture and 

store, remove, or sequester carbon that would otherwise be released into the atmosphere. 

Examples of carbon sequestration methods include storing carbon in the Earthôs crust by 

injecting it, forest regrowth and wetlands restoration to improve their carbon sink 

characteristics, enhanced ocean absorption of CO2 by dissolving carbonate minerals to 

bicarbonates, direct air capturing of carbon, capturing carbon coming out of industrial 

processes, and improved land management and use46.  

Enhanced greenhouse effect 

Though GHGs made life possible on Earth, the rapid increase in concentrations of those 

gases in the atmosphere due to anthropogenic activities in the past 100 years due to the 

industrial revolution has shifted the energy balance causing an enhanced greenhouse effect. 

Key GHGs, their source, concentration in the atmosphere, lifetime and GWP are illustrated 

in  Table 6-1. 

 Table 6-1: Key GHGs and their source and concentrations in the atmosphere 

GHG 
Main human 

activity source 

Concentration in 

atmosphere pre 

industrial 

revolution (ppm) 

Concentration in 

atmosphere in 

2018 (ppm) 

Lifetime 

(years) 
GWP 

Carbon 

Dioxide 

 

Burning of fossil 

fuels, cement 
280 408 

300 to 

1,000  
1 

 
46 https://climatechange.ucdavis.edu/science/carbon-sequestration/  

https://climatechange.ucdavis.edu/science/carbon-sequestration/
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 production, and 

land-use change 

Methane 

Fossil fuels, rice 

paddles, 

livestock, waste 

dumps 

0.715 1.869 12 28 

Nitrous 

Oxide 

Fertilizers 

production and 

use, combustion 

in industrial 

processes 

0.27 0.331 121 265 

Halo-

carbons 

Electronics 

refrigerants, 

industrial 

processes, 

aluminum 

production, 

electrical 

equipment 

insulation 

Almost all 

fluorinated 

compounds did 

not naturally exist 

in the atmosphere 

preindustrial times 

Varies depending 

on gas type 

1.5 to 

10,000 up 

to 50,000 

based on 

gas type 

138 up to 

23,500 

dependin

g on gas 

type 

 

In short, the greenhouse effect is the Earth's natural warming, which results when 

certain gases in the atmosphere (greenhouse gases GHGs) trap infrared radiation 

emitted from the surface of the earth that would otherwise escape into space in the 

absence of these gases. 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 effective the gas is at trapping heat in the atmosphere over 

a 100-year period relative to CO2 when used as the reference. The 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 has 

resulted in the enhanced greenhouse effect.  

6.1.3 Self-check quiz 

Natural or artificial producers of greenhouse gases are ___ and natural or artificial 

reservoir that absorbs and stores greenhouse gases are _________ 

a) Emissions, sinks  

b) Emission sources, sinks (correct answer) 

c) Emissions, gases 

 

The greenhouse effect is defined as _____ 

a) Heating due to sunôs UV radiation, 

b) Cooling due to escaping heat in the atmosphere 

c) Warming due to heat trapped by gases in the atmosphere (correct answer) 
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The main responsible gases for enhanced Greenhouse Effect are: 

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 depends on its: 

a) Concentration 

b) Lifetime 

c) Global Warming Potential 

d) All of the above (correct answer) 

6.2 Illustrations of Concepts 

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

the message are shown in Table 6-2. 

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

Concept 
Short description of illustration, diagram, 

video, online course 
Reference, link 

Greenhouse 

Gases 

Flash Cards for the most important 

greenhouse gases and information about 

each greenhouse gas. 

https://climatekids.nasa.gov/gr

eenhouse-cards/ 

 

Greenhouse 

Gases 

Chart illustrating the annual contribution of 

natural and anthropogenic activities to 

global GHG emissions 

https://www.sciencedirect.com

/science/article/pii/S16749278

18300376#fig2 

https://www.globalchange.umi

ch.edu/globalchange1/current/l

ectures/Perry_Samson_lectures

/evolution_atm/  

Greenhouse 

Effect 

Video explaining the greenhouse effect and 

how itôs leading to that Earth is getting 

warmer. It shows also things that we can do 

to save our Earth. 

https://youtu.be/DYHAZaasdx

I 

Greenhouse 

Effect 

Video explaining what is the greenhouse 

effect. 

https://youtu.be/SN5-

DnOHQmE 

 

Carbon sinks Video explaining carbon sinks 
https://www.youtube.com/watc

h?v=OoW2PlvMpZs 

Experiment  

Video showing an experiment showing the 

difference with and without greenhouse 

gases and how thereôs a difference in 

temperature. 

https://youtu.be/Zst7B-B3P2E 

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
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6.3 Student Engagement Activities: 

6.3.1 Activity 1 

Objective: the objective is to demonstrate greenhouse effect by investigating changes in 

water temperature47. 

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

Procedure:  

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

2. Fill both halves with water, place a thermometer inside, and wrap one half in plastic 

wrap 

3. Allow both halves of the bottle to sit in direct sunlight or subject them to an indoor 

light bulb for 30-50 minutes 

4. Measure water temperature in both halves and observe the varying temperatures due 

to greenhouse entrapment in the 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, it produces methane. The 

experiment enables the students to watch the chemical breakdown of each food source and 

the relative amount of gas it produces. 

Materials: 3 balloons of different color ï 3 plastic bottles ï water -  three types of 

fruit/vegetables waste of your choice (example: banana ï green pepper ï 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 (oxygen ï lacking) 

environment that simulates 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 other as some 

foods are prone to produce more gases during decomposition than others) 

4. Write down observations 

 
47 https://sealevel.jpl.nasa.gov/files/archive/activities/ts1hiac1.pdf   
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Figure 6-4: Simulation of landfill conditions that produce methane 
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7 MESSAGE 7: GLOBAL WARMING  

7.1 Background Information  

Global warming is the trapping of heat by GHGs resulting in increased average surface 

temperatures over time. The rate of global warming has increased since pre-industrial 

times, primarily due to burning of fossil fuels for energy production48.  

7.1.1  Anthropogenic GHGs emissions sources 

Sources and global emissions49 of GHGs are shown in Error! Reference source not f

ound. (a) and (b). The global sources 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, waste sector 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 produces nitrous oxide as a result of applying fertilizers. In addition, 

deforestation reduces the carbon absorbed by the cutout trees. Out of these sectors, the 

energy sector is the largest contributor to GHG emissions responsible for 73%of emissions. 

 

 

 

 

 

 
48Overview: Weather, Global Warming and Climate Change. NASA. Available at 

https://climate.nasa.gov/resources/global-warming-vs-climate-change/ (accessed: 4 January, 2021) 
49Based on data in https://wriorg.s3.amazonaws.com/s3fs-public/world-greenhouse-gas-emissions-sankey-

chart-2019_2.jpg 

https://climate.nasa.gov/resources/global-warming-vs-climate-change/
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Figure 7-1: (a) Sources and (b) Contribution to global warming for  key sectors to GHG emissions in 2016  

 

7.1.2 Rise in Atmospheric CO2 levels 

The amount of CO2 in the atmosphere has increased since the start of the Industrial 

Revolution in 1750. Carbon dioxide concentrations have undergone a fast growth rate, 

which skyrocketed since the 1960s with CO2 reaching 408 parts per million in 2018. Part 

per million here being the concentration of CO2 in the atmosphere and is equivalent to 408 

particles of CO2 in 1 million particles of air. The increase in CO2 levels from pre-industrial 

times till  today is shown in Figure 7-2.  In 2021, the CO2 concentration is expected to 

exceed 415 ppm and the total GHG concentration to approach 500 ppm. 

According to the WMO Greenhouse Gas Bulletin, the following statistics are formulated: 

  CO2     Methane Nitrous oxide 

2019 global mean 

abundance 

410.5±0.2 ppm 1877±2 ppb 332.0±0.1 ppb 

2019 abundance 

relative to year 1750a 

148% 260% 123% 

2018-19 absolute 

increase 

2.6 ppm 8 ppb 0.9 ppb 

2018-19 relative 

increase 

0.64% 0.43% 0.27% 

Mean annual 

absolute increase of 

last 10 years 

2.37 ppm yr-1 7.3 ppb yr-1 0.96 ppb yr-1 

 

 

https://library.wmo.int/index.php?lvl=notice_display&id=21795
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Figure 7-2: CO2 concentrations and emissions in the atmosphere before and after the industrial revolution50 

 

As shown in Figure 7-2, the concentration of CO2 in the atmosphere (represented by the 

magenta line) is linked to the amount of CO2 emissions released (the blue line). Before the 

industrial revolution until the 1800ôs, CO2 emissions were fairly constant resulting in 

constant CO2 concentrations in the atmosphere. At the beginning of the 1900ôs, the amount 

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

increase in the concentration of CO2 in the atmosphere. This shows the direct correlation 

between human-caused emissions that do not escape the atmosphere and increase its CO2 

concentration, resulting in global warming and climate change.  

7.1.3 Rise in Global Surface Temperature 

Earthôs global average temperature increased by around 1 ǓC since 1880 (pre-industrial 

times), where two-thirds of this increase occurred since 1975. The rate of increase until 

1981 was 0.08ǓC/decade51. However, the rate of increase since 1981 has more than 

doubled, reaching around 0.2 ǓC/decade as illustrated in Figure 7-352. 

 
50https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-

dioxide 
51 https://earthobservatory.nasa.gov/world-of-change/global-temperatures  
52 Global Temperature Report 2019. Berkely Earth. Available at http://berkeleyearth.org/archive/2019-

temperatures/ (accessed: 4 January, 2021) 

https://earthobservatory.nasa.gov/world-of-change/global-temperatures
http://berkeleyearth.org/archive/2019-temperatures/
http://berkeleyearth.org/archive/2019-temperatures/
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Figure 7-3: Global average temperature between 1850-201953 

If no action is taken to decrease global warming, predictions of global average 

temperature may reach 18.5 ǓC by 2100, an increase of 3 to 4 ǓC over 80 years54.  

In short, global warming is the trapping of heat by GHGs resulting in increased 

average surface temperatures over time. The amount of CO2 in the atmosphere has 

increased since the start of the Industrial Revolution in 1750; in 2021, the 

concentration of CO2 is expected to exceed 415 ppm and the total GHG concentration 

to approach 500 ppm. The increase in GHG concentration has resulted in Earthôs 

global average temperature increasing by around 1 ǓC since 1880. Furthermore, the 

rate of increase since 1981 has more than doubled, reaching around 0.2 ǓC/decade and 

predictions of global average temperature may reach 18.5 ǓC by 2100, an increase of 

3 to 4 ǓC over 80 years.  

7.1.4 Self-check - Quiz 

What is global warming? 

a) Trapping of heat by GHGs resulting in increased average surface temperatures over 

time (correct answer) 

b) Heating oceans 

c) Surface temperature 

What is the largest sector contributing to global greenhouse gas emissions? 

a) Electricity and heat production (correct answer) 

b) Agriculture and forestry 

c) Transportation 

 
53 http://berkeleyearth.org/2019-temperatures/ 
54 Temperature- Earth in the Future. PennState University. Available at  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
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Cutting trees contributes to global warming because  

a) Trees are a main sink for carbon sink and with less trees, more CO2 remains in the 

atmosphere (correct answer) 

b) Trees release CO2  

c) Animals will have no shelter   

7.2 Illustrations of Concepts 

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

the message is shown in Table 7-1. 

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

Concept 
Short description of illustration, 

diagram, video, online course 
Reference, link 

Global 

Warming 

Video explaining the global warming 

and its effects.  
https://youtu.be/Vh8XVkzsn1Y 

Global warming introduction and 

effects 

https://www.nrdc.org/stories/glob

al-warming-101 

https://climate.nasa.gove/vital-

signs/global-temperature/  

Before and after images of Earth, 

evidence, causes, effect and solutions 

to climate change through global 

warming 

https://climate.nasa.gov/ 

 

Climate causes and effects 

https://www.nationalgeographic.c

om/environment/global-

warming/global-warming-

overview/ 

 

Illustration showing the effects of 

global warming on different 

ecosystems 

https://www.joboneforhumanity.o

rg/what_is_global_warming_sign

_up 

 
Global average temperature 

predictions by 2100 

Temperature- Earth in the Future. 

PennState University. Available at  

https://www.e-

education.psu.edu/earth103/node/101

5 (Accessed: 4 January, 2021) 

 

CO2 concentrations and emissions 

in the atmosphere over past 800 000 

years 

https://climate.nasa.gov/evidence/ 

GHGs 

Detailed global GHGs emissions by 

sector and end-use activity and type 

of gas for 2016 

https://wriorg.s3.amazonaws.c

om/s3fs-public/world-

greenhouse-gas-emissions-

sankey-chart-2019_2.jpg  

https://youtu.be/Vh8XVkzsn1Y
https://www.nrdc.org/stories/global-warming-101
https://www.nrdc.org/stories/global-warming-101
https://climate.nasa.gove/vital-signs/global-temperature/
https://climate.nasa.gove/vital-signs/global-temperature/
https://climate.nasa.gov/
https://www.nationalgeographic.com/environment/global-warming/global-warming-overview/
https://www.nationalgeographic.com/environment/global-warming/global-warming-overview/
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/
https://wriorg.s3.amazonaws.com/s3fs-public/world-greenhouse-gas-emissions-sankey-chart-2019_2.jpg
https://wriorg.s3.amazonaws.com/s3fs-public/world-greenhouse-gas-emissions-sankey-chart-2019_2.jpg
https://wriorg.s3.amazonaws.com/s3fs-public/world-greenhouse-gas-emissions-sankey-chart-2019_2.jpg
https://wriorg.s3.amazonaws.com/s3fs-public/world-greenhouse-gas-emissions-sankey-chart-2019_2.jpg
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7.3 Student Engagement Activities 

7.3.1 Activity 1 

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

in Figure 7-4. 

 

Figure 7-4: Average CO2 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 questions: 

¶ What patterns do you notice in the atmospheric carbon dioxide levels? 

¶ How would you explain the patterns you noticed in the atmospheric carbon dioxide 

levels? 

¶ Based on your graph, what do you predict the atmospheric carbon dioxide levels to 

be in 20 years and why? 
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8 MESSAGE 8: SIGNS OF CHANGING CLIMATE  

8.1 Background Information  

The Earth's average temperature increase due to increase in concentrations of 

anthropogenic GHGs is only one of the signs of a changing climate as shown in Figure 8-1. 

 
Figure 8-1: Signs of a changing climate 

 

Changing Rain and Snow Patterns: As temperatures rise and the air warms up, more 

moisture evaporates from land and water into the atmosphere. More moisture generally 

means more rain and snow and more heavy downpours in varying places, times and 

quantities than before. This results in changing ecological processes and species 

distributions in many habitats, 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.  

Increased frequency and intensity of extreme weather events including floods, heavy 

rains and storms, drought, heatwaves, and fires. Hurricanes and tropical storms are 

becoming stronger due to warmer top layer of the ocean, which provides more energy 

resulting in faster winds and heavier downpours. At the other extreme, some parts of the 

world are experiencing extended periods of dry weather caused by a lack of rain or snow, 

i.e., more severe droughts. Droughts are linked to changes in how water moves between 

atmosphere, land, and oceans (i.e., water cycle), which can affect precipitation levels55. 

Rising temperatures have also been linked to increased risks and wildfire season length56. 

Warmer temperatures causing higher evaporation coupled with less rain lead to drier 

 
55https://www.nationalgeographic.org/article/understanding-droughts/?utm_source=BibblioRCM_Row 
56 https://www.carbonbrief.org/global-risk-of-wildfires-on-the-rise-as-the-climate-warms-study-says 
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conditions and the 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. 

 
Figure 8-2: (a) Dragon storm hitting  Egypt in March 2020 and (b) Global extreme weather events likely 

attributed to human activities (red)57 from 2004-2018 based on studies. Heat: heatwaves and wildfires; oceans: 

marine heat, coral bleaching, disruption in marine ecosystems 

Melting glaciers and shrinking ice sheets: Ice sheets and glaciers are located in the Arctic 

and Antarctica. Rising global surface temperatures have caused the increase in the rate of 

melting and loss of sea ice 58 shown in Error! Reference source not found.. More than 9

.6 billion tons of glacial ice has melted globally since 1961 and is increasing at a rate of 

335 billion tons/year causing an average 2.7 cm sea level increase since 1961.59 

 
Figure 8-3: (a) Greenland, (b) Antarctica ice mass change from 2004-2019 and (c) Arctic from 1850-2013 

 

 
57 https://www.nature.com/articles/d41586-018-05849-9  
58 https://climate.nasa.gov/vital-signs/ice-sheets 
59 https://www.iberdrola.com/environment/melting-glaciers-causes-effects-solutions 

https://www.nature.com/articles/d41586-018-05849-9

























































































































































































































































