
TEMPERATURE &

Global Warming

OVERVIEW:

• Topic: Global Warming

• Variable: Temperature

• Experiment: Greenhouse effect in a bottle

• Data Exploration: Maximum and minimum daily 

temperatures across Ghana 

• Action: Climate zones prone to malaria 

SESSION 

NUMBER

1

PURPOSE:

• Students understand mechanisms of global warming

• Students can characterize temperature time series at different geographic locations

• Students are able to link malaria occurrence to global temperature increase and start 

mitigation measures 

SCHEDULE:

• Class 1: Topic & Variable (60 mins)

• Class 2: Experiment (60 mins) 

• Class 3: Data exploration & Action (60 mins) 

MATERIAL

• “Session1_TEMPERATURE_Presentation.pdf ”

• Computer and projector/beamer (or laminated 

printouts of figures)

• Thermometers (analog or digital) 

• Plastic bottles (1.5 L) 

• Plastic wrap or transparent plastic bag 

• Elastic band, string or tape 

• Scissors or knife 

• Paper and pencil 
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TOPIC: Global Warming

The earth’s atmosphere is warming up fast. This

means that the living conditions for humans,

animals and plants are changing. The ability of

the earth and its atmosphere to sustain and

protect life is thereby put at risk. For example,

at higher temperatures, the polar caps melt,

and ocean circulation patterns change.

Consequences are loss of habitat for many

species (e.g. the polar bear) and flooding of

coastal cities due to sea level rise. Other effects

on the environment are:

Guiding Questions:

• What does “global warming” mean and why does it happen?

• How does the “greenhouse effect” function?

• Which are good or bad consequences of increasing temperature for Ghana and the earth?

• more frequent droughts, desertification 

and forest/bush fires 

• more storms and heavy rain 

• more diseases like malaria and 

cerebrospinal meningitis 

• less productive farming land 

• disappearing forests and biodiversity 
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One mechanism that leads to global warming is

the greenhouse effect. The name comes from a

house made of glass or plastic that traps heat

from the sun inside, making it warmer than

outside. Greenhouse gases such as carbon

dioxide (CO2) in the earth’s atmosphere have a

similar effect. They reflect some of the solar

energy back down to earth instead of allowing it

to escape into space. Most of the greenhouse

gases are emitted by humans when they burn

fossil fuels for:

• electricity production (coal power plants) 

• transportation (cars, airplanes) 

• industry (manufacturing, mining, 

construction) 

• commercial purposes (stores, 

restaurants, hotels, hospitals). 

Some greenhouse gases like methane (CH4) are

emitted by cattle, and so large scale livestock

farms are a major contributor to greenhouse

gas emissions. Water vapor, which naturally

occurs in the atmosphere and forms clouds, is

also a greenhouse gas.

Greenhouse effect 
(Source: FAO YUNGA Learning and Action Series, 2015)
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VARIABLE: Temperature

WHAT IS TEMPERATURE?

Temperature as a physical property of materials directly linked to sensations like “hot” or “cold”

that we experience every day. Temperature is a measure of movement of atoms and molecules.

Therefore high air temperature means strong movement of atoms in the air. Air temperature is

the most important property of the earth’s atmosphere and it changes every day.

DEMONSTRATION:

1. Hand out the thermometers available in your school to explain their type and principle (digital

or analog, alcohol or mercury) and how their measurements could differ from each other.

2. Show the picture of the temperature sensor in the TAHMO station so that the students know

its location. Go to the TAHMO station and take a look at the thermometer. You can find more

details on the measurement principle in the TAHMO ATMOS 41 Manual on page 16

3. Make a conversion from degree Fahrenheit or Kelvin to degree Celsius.

4. Show the effect of wind on air temperature by wrapping your thermometer in a wet cloth and

placing it in a wind-still room and in front of a fan. With this you demonstrate how evaporation

cools the air when there is wind.

WHAT IS THE UNIT OF TEMPERATURE AND HOW IS IT MEASURED?

The international unit for temperature is Kelvin [K]. In Europe it is common to measure air

temperature in degree Celsius [°C], and some English-speaking countries use Fahrenheit [°F].

These units can be easily converted from one to another by a simple transformation.

Temperature is measured with a thermometer. This can be an analog (mercury or alcohol

column) or digital device.

WHAT DOES AIR TEMPERATURE DEPEND ON?

The reason for air temperature being different at different places and times is mainly due to 

solar radiation. Equatorial regions are close to the sun all year long, while the high and low 

latitudes experience seasons of more distinct warm and cold climates. Air temperature also 

depends on geography, i.e. coastal locations experience a so-called maritime climate, which has 

a different seasonality than inland locations. Additionally, temperature decreases with elevation 

(because of reduced air pressure), which is why we find snow on very high mountains (for 

example, Mt. Kilimanjaro) all year long. 

HOW INACCURACIES MIGHT OCCUR WHEN TEMPERATURE IS MEASURED? 

Whether there is shade or wind, or the colour of the surface (because of its reflectivity) will

influence the air temperature measurement.
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TAHMO station temperature sensor (also called a thermistor) 
Source: http://library.metergroup.com/Manuals/20635_ATMOS41_Manual_Web.pdf 

Digital thermometer (and hygrometer) 
Source: https://at.hama.com/00176901/

hama- thermo-hygrometer-mini-weiss

Analog alcohol thermometer
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GREENHOUSE EFFECT IN A BOTTLE 

OBJECTIVE:

Students use plastic bottles and thermometers to create and measure the greenhouse effect.

This experiment generates an understanding of how global average temperature increases

due to changing atmospheric conditions.

MATERIAL (PER GROUP):

q 2 Thermometers 

q Plastic bottle (1.5 L) 

q Plastic wrap or transparent plastic bag 

q Elastic band or string or tape 

q Scissors or knife 

q Paper and pencil 

INSTRUCTIONS:

1
Cut the plastic bottle approximately in the middle so that the thermometer can fit 

in. If it is a long analog thermometer, you might not need to cut at all. 

2
Place one thermometer in the bottle. Close the bottle by covering the top with the

plastic wrap or transparent plastic bag and secure it with an elastic

band/string/tape. This is the “greenhouse bottle” which represents the atmosphere

of the planet with a greenhouse gas effect. The second thermometer remains

uncovered; we refer to it as the “control” thermometer that represents the

atmosphere of the planet with no greenhouse effect.

3
Place the “greenhouse bottle” in direct sunlight and install the “control”

thermometer next to it with equal light and wind conditions. If you have several

groups, try different locations across the schoolyard to install the “greenhouse

bottle” and the “control” thermometer pairs. Record the temperature (at start of

the experiment) on a paper. An example of the data record that is included in the

student worksheets is presented below.
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Material required

Greenhouse bottle



Let the bottles sit in direct sunlight for 30 - 45 minutes. While the thermometers

are heating up, the students can leave them alone, return to the classroom and

work on the DATA EXPLORATION exercise. Send the student groups back to the

EXPERIMENT after 30-45 minutes. Read the final temperature (30-45 min after start

of the experiment) and write it down in the data record. Collect the equipment,

clean and store the thermometers and reuse or recycle the plastic bottles and other

material.
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5
Gather the students’ measured data (e.g. on the blackboard) and guide a discussion 

on the measurements: 

1. Which thermometer reached higher temperatures: the “greenhouse bottle” or

the “control” thermometer? Why did this thermometer reach higher

temperatures?

2. What was the temperature difference between the two thermometers at the

end of the experiment for the different groups?

3. Did all groups record similar measurements? Compare and find explanations for

differences or similarities.

4. Did problems occur during the measurement? Do they influence the result?

5. Are your measurements realistic or could you identify some errors?

6. In which everyday situations (e.g. car heating up when parked in the sun) can

you observe this greenhouse effect?

7. You may repeat this experiment with some water added to the “greenhouse

bottle.” In this case, some of the energy will be used for evaporation. Ask the

students to think and debate if they will measure the same differences due to

the greenhouse effect.
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DATA EXPLORATION: Daily maximum and minimum temperatures across 

Ghana 

SUMMARY:

Latitude, elevation and geography influence temporal patterns of air temperature. Annual

patterns of climate variables are inter-related, i.e. we will find relationships between

temperature and other climatic variables like radiation, relative humidity and rainfall.

MATERIAL :

q Laptop and computer projector

qWhiteboard (or blackboard) and whiteboard marker (or chalk) 

q File “Session1_TEMPERATURE_Presentation.pdf” or laminated pictures of maximum and 

minimum daily temperatures in [°C] of two TAHMO stations 

INSTRUCTIONS:

1
Use a projector to screen the plot of daily minimum and maximum temperatures at 

Gbewaa (upper east region, Ghana) on the whiteboard. 

-> Ask students what they observe: 

1. Where was the temperature recorded? 

2. Across which period was the temperature recorded? 

3. What was the unit of measurement? 

4. When does the daily minimum and maximum temperature occur during the (24 

hour) day? 
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2
Temperatures fluctuate from day to day, therefore the plot looks jagged. By drawing

a smooth line approximately through the data points, we can determine an

approximate moving average that contains the most important information

-> Make students draw two average lines on the whiteboard behind the projection, 

one for the maximum and one for the minimum temperature. 

-> Have the students analyze the drawn graphs by asking: 

1. What is the shape of the average lines?

2. What do those shapes tell us about the site?

3. What is the difference between the daily maximum and minimum temperatures

throughout the year? Does this difference vary?
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3
Now project the second station at Half Assini (western region, Ghana) to the

whiteboard and repeat questions and tasks of Step 1 and Step 2. You will obtain

four smoothed lines of average daily minimum/maximum temperature on the

whiteboard - two for Gbewaa and two for Half Assini.
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5
If available, project your own TAHMO site on the whiteboard and locate your 

climate zone between the other two. Refer to Appendix 1: How to download 

TAHMO data for guidelines on how to read, extract, and plot your station data. 

SOLUTIONS:

Gbewaa is located in the very north of Ghana. During the year both maximum and minimum

air temperatures have the shape of a wave. Highest air temperatures are measured in March-

April-June. Lowest maximum temperature (about 30°C) was identified in August, and lowest

minimum temperature (about 20°C) in January. From October to April the difference between

maximum and minimum is very big, about 15°C, but from May on, this decreases to about

5°C. Those trends are connected to the monsoon (rainy) season and temperature climatology.

Maxima are generally highest during dry spells.

Half Assini is located in the western region of Ghana, very close to the ocean. The

temperature ranges between slightly below 25 and 30°C throughout the year and there is not

a strong seasonality (wave pattern) as we saw in the north of Ghana. It is therefore also not

clear, which months are the most extreme, just that July/August seem to have the lowest

maximum air temperature and are therefore the coldest, similar to what was recorded for

the north. In addition, the day-to-day variations in the graph are not so strong which means

consecutive days are similar to each other.
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4
Compare the two sites’ average maximum and minimum temperature graphs that

have been drawn by the students:

1. Does the highest maximum / lowest minimum temperature fall in the same

month for both sites?

2. Based on those temperature patterns, which conclusions can be drawn about

seasons at these two sites?
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ACTION: Climate zones prone to malaria 

With increasing air temperatures and shifting

agro-ecological zones, the geographic extension

of malaria changes and spreads into higher

altitudes. For example, tropical highland zones

are becoming more likely to see higher rates of

malaria transmission when temperatures go up,

as the transmission of malaria typically peaks at

25°C, which is a temperature favorable to

mosquito reproduction (see figure below). This

puts population groups at risk who are not yet

used to correctly protecting themselves and

their children from malaria. In addition, there is

the danger of reintroduction of malaria to areas

where the disease has been wiped out.

Temperature suitability for plasmodium 

falciparum – when the index is close to 0 

suitability for the malaria parasite is low and 

when the index is close to 1 suitability is high.
Source: http://fundacionio.org/viajar/paises/africa/ 

ghana%20malaria.html 

WHAT CAN YOU DO? 

Health promotion: The Ghana Health

Service runs the National Malaria

Control Program. Employees promote

malaria prevention in communities and

distribute vaccinations and mosquito

nets. Contact the local Municipal

Health Administration to organize a

“Malaria Prevention Training” at the

school or to join one of the community

interventions.
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Farmer helpline: Stagnant water pools

i.e. in choked gutters, drains and rivers

are the favorite breeding place of the

malaria transmitting mosquitoes.

Organize a school or community trash

collection day and include a workshop

on how to reduce, reuse and recycle

waste. Such environmental sanitation

days have been proposed by the Ghana

National Sanitation Campaign, contact

the local Environmental Health and

Sanitation Directorate for more

information and support. Creative and

profitable ways of so-called upcycling

are also being developed by

organizations such as Trashy Bags in

Ghana.
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References: 

• http://ghanahealthservice.org/ghs-

subcategory.php?cid=4&scid=41

• http://nationalsanitationcampaign.com/

• http://trashybags.org/products01.htm
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