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Guide to the SAS4SD
Teaching Material SASqS[a

Dear Teacher,

This document was prepared as part of the project “Science Action in Schools for Sustainable
Development.” The project is a collaboration between Ghanaian, Swiss and Cameroonian
schools and universities with the aim to collectively develop and implement teaching
programs for science curricula that will, through interactive engagement, enhance students’
knowledge and understanding of scientific theory, data and applications, to raise awareness
about sustainable development goals and ways to achieve them.

QUALITY P CLE 1 CLIMATE
- ACTION

EDUCATION

The document deals with the topic of “Climate Change Adaptation and Mitigation.” It contains
material to conduct six secondary school science (club) sessions which tackle current issues of
globally and locally changing climate and weather, and consequences thereof. The aim is to
provide concepts, methods and education material, as well as to introduce hands-on learning
with experiments, explore real-time weather data from TAHMO weather stations, and provide
ideas for concrete actions to mitigate or adapt to climate change.

Each session consists of five parts:

1. Topic
An introduction to review existing background knowledge from Senior High School science
and geography classes and link it to current climate change phenomena.

2. Variable
A description of a selected climate variable or process, its unit and its measurement. This
variable is relevant to understand the introduced climate change topic and will be used
during the Experiment and Data Exploration.

3. Experiment
A low-budget experiment to measure and investigate the climate variable and its physical,
spatial and temporal properties. Students are introduced to the basics of scientific
fieldwork and data collection. All necessary material is easily available.

4. Data Exploration
An analysis of either TAHMO or self-measured time series of the respective variable.
Students are encouraged to train their Information and Communications Technology (ICT)
skills and draw conclusions from scientific data.



5. Action
Concrete ideas of tackling challenges associated with climate change and initiating action
at the school or community level. Support for these actions might be sought at locally-
based institutions, administrations, NGOs or GOs.

Parts 1 and 2 are formulated in such a way that you can teach them with your own methods.
For example use question and answer, mind mapping, a short movie, news and media reports
or any other trigger to build up students’ awareness of the climate change topic and students’
comprehension for its quantification by measurement of environmental variables.

Parts 3 and 4 are straightforward instructions on how to conduct the Experiment and how to
guide the Data Exploration. The materials necessary for the experiment and the equipment
for plotting and projecting the climate data are listed at the beginning of each chapter and
should to be prepared by the teacher in advance of the class. If you want to use your own
TAHMO data to include them in the Data Exploration, refer to www.school2school.net or
Appendix 1 for instructions on how to download, preprocess, and make computations with
the data.

Part 5 is directly linked to the project’s vegetable gardens, waste recycling, bee keeping and
other foreseen or existing school or community initiatives. Link up with suitable ongoing
projects in your region to enable the students to step out of the classroom and move from
theory to practice, e.g. by organizing excursions or thematic days.

At the end of the document the references are listed, providing useful links for more
information and clarifications on each part. Moreover, you can refer to Appendix 2 for a
complete list of the material needed for the experiments described in the document.

This documented is complimented with presentations in pdf form for each session and
laminated figures if a projector is not available. A separate document has also been created
for the students (Student Worksheets) including data logs (Experiment) and graph paper for
plotting (Data Exploration).

Keep in mind that climate change effects are challenging the future of our young
generations. Not only can the students be transmitters of information to their parents, e.g.
how climate science can inform and benefit farming, but there is also an exciting new job
market for professionals in many sectors related to climate change adaption and mitigation.
Encourage your students to think about climate change in their region and what they can do
about it, as well as the job opportunities it can lead to for them.


http://www.school2school.net/

TEMPERATURE
& Global Warming

Purpose
e Students understand mechanisms of global warming
e Students can characterize temperature time series at different geographic locations
e Students are able to link malaria occurrence to global temperature increase and start

mitigation measures

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

Time

90 — 120 min (two class periods)

Material

“Sessionl_TEMPERATURE_Presentation.pdf”

Computer and projector/beamer (or laminated printouts of figurer)
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




TOPIC: Global warming

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?

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:

e more frequent droughts, desertification and forest/bush fires
e more storms and heavy rain

e more diseases like malaria and cerebrospinal meningitis

e less productive farming land

e disappearing forests and biodiversity

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 (CO;) 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:

e electricity production (coal power plants)

e transportation (cars, airplanes)

e industry (manufacturing, mining, construction)

e 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.

EARTH’S SURFACE IS HEATED
SOME ENERGY IS BY THE SUN AND RADIATES THE *
REFLECTED BACK  HEAT BACK OUT TOWARDS SPACE
QUT TO SPACE 2

' GREENHOUSE GASES IN
) SOME OF THE HEAT

THE ATMOSPHERE TRAP |
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PASSES THROUGH
THE ATMOSPHERE

si—

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.

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.

WHICH 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.

Demonstrations

> 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.

> 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.

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

> 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.

Session 1: Temperature & Global Warming 8



Tem perature sensor,

TAHMO station temperature sensor (also called a thermistor)
Source: http://library.metergroup.com/Manuals/20635_ATMO0S41_Manual_Web.pdf
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Digital thermometer (and hygrometer)
Source: https://at.hama.com/00176901/hama-
thermo-hygrometer-mini-weiss

Analog alcohol thermometer
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EXPERIMENT: 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)

2 Thermometers

Plastic bottle (1.5 L)

Plastic wrap or transparent plastic bag
Elastic band or string or tape

Scissors or knife

Paper and pencil

N I B B O O

INSTRUCTIONS Material required

Step 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.

Step 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.

Step 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”  Greenhouse bottle
thermometer pairs. Record the temperature (at start of the thermometer
experiment) on a paper. An example of the data record that is

included in the student worksheets is presented below.

Step 4: 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.

Session 1: Temperature & Global Warming 10



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

Which thermometer reached higher temperatures: the “greenhouse bottle” or the
“control” thermometer? Why did this thermometer reach higher temperatures?

What was the temperature difference between the two thermometers at the end of the
experiment for the different groups?

Did all groups record similar measurements? Compare and find explanations for
differences or similarities.

Did problems occur during the measurement? Do they influence the result?
Are your measurements realistic or could you identify some errors?

In which everyday situations (e.g. car heating up when parked in the sun) can you observe
this greenhouse effect?

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.

Example of a data record

N @IS ettt ettt e ettt e e e ee et ee e et et she e s ee e eae e en e sheeeee e et e en e sreesbeeesaneas
DAt AN LIME: ittt e s e s testesae st saesee et e e e e e e e s e s tesaenaerans
Location of the thermometers in the schoolyard: ... e
Weather conditions (cloud, rain, Wind): ...t e err s e e

UNTT Of IMEASUIEIMENT: oveiiiie ittt sttt et et cetesstaes st bessataessbesenssessssee st atesessessrsaessresenssesens

Time “Greenhouse bottle” “Control”
temperature temperature

at
start of experiment

30-45 min after
start of experiment

Session 1: Temperature & Global Warming 11




DATA EXPLORATION: Daily maximum and minimum

te

mperatures 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
[J Laptop and computer projector
[0 Whiteboard (or blackboard) and whiteboard marker (or chalk)
] File “Sessionl_TEMPERATURE_Presentation.pdf” or laminated pictures of maximum and
minimum daily temperatures in [°C] of two TAHMO stations
INSTRUCTIONS

Step 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 about what they observe:

Where was the temperature recorded?
Across which period was the temperature recorded?
What was the unit of measurement?
When does the daily minimum and maximum temperature occur during the (24 hour)
day?
Gbewaa
45
= Minimum Daily Temperature
sk === Maximum Daily Temperature
;U'35 B
)
2
© 30
@
j=5
E
& 25
20}
15 1 1 1 L ]
Oct 2017 Jan 2018 Apr 2018 Jul 2018 Oct 2018 Jan 2019
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Step 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:

What is the shape of the average lines?
What do those shapes tell us about the site?

What is the difference between the daily maximum and minimum temperatures
throughout the year? Does this difference vary?

Step 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.

Half Assini
45 -
= Minimum Daily Temperature

40 == Maximum Daily Temperature
G'G' 35
Fl
2
[ 30|
o
o
g
~ 25

20

15 1 1 1 1 ]

Oct 2017 Jan 2018 Apr 2018 Jul 2018 Oct 2018 Jan 2019

Step 4: Compare the two sites’ average maximum and minimum temperature graphs that
have been drawn by the students:

Does the highest maximum / lowest minimum temperature fall in the same month for
both sites?

Based on those temperature patterns, which conclusions can be drawn about seasons
at these two sites?

Step 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.

Session 1: Temperature & Global Warming 13



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.

Session 1: Temperature & Global Warming
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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.

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.

> Waste management: 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.

References:
http://ghanahealthservice.org/ghs-subcategory.php?cid=4&scid=41
http://nationalsanitationcampaign.com/
http://trashybags.org/products01.htm

Session 1: Temperature & Global Warming 15
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400 Kilometres
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[ water

Temperaturel
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[ Unsuteble o,

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
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PRECIPITATION
& the West-African Monsoon

Purpose
e Students track the yearly dry and rainy seasons across West Africa
e Students set up a low budget rain gauge
e Students understand the benefits of weather data collection for farmers struggling
with shifting monsoon rains

Overview

Topic: The West-African monsoon

Variable: Precipitation

Experiment: Low budget rain and evaporation gauge
Data Exploration: Monsoon seasons in Ghana

Action: False monsoon starts and their effects on farmers

Time
e 90— 120 min (two class periods)

Material

“Session2_PRECIPITATION_Presentation.pptx”

Computer and projector/beamer (or laminated printouts of figures)
Plastic bottles (1.5 L)

Measurement cylinder

Permanent marker

Scissors

Ruler

Paper and pencil




TOPIC: The West-African monsoon

The seasonal cycle over tropical continents is marked by an oscillation between dry and wet
periods that are brought about by monsoons. A monsoon is a pattern of winds and rains that
spans a large geographic area.

The monsoon seasons are linked to changes of location of the Intertropical Convergence Zone
(ITCZ) which is a globe-surrounding belt (= zone) of low pressure near the equator (= tropical)
where winds from the southern and northern hemisphere meet (= converge).

During June/July, the ITCZ lies in the northern hemisphere, which is at that time heated more
strongly by the sun. Low atmospheric pressure and converging, rising winds from north and
south cause water vapor to condense, form clouds and precipitate as monsoon rainfall. This
is the rainy season in Ghana and its start coincides with ripening mangos and swarming
termites.

In January/February, the ITCZ has moved south of the equator, so that Ghana is facing dry
conditions; clouds and rain are uncommon and winds blow from the Sahara southwards. This
dry and dusty time is called the Harmattan, water is scarce at many places and people apply
Shea-Butter to prevent the skin from drying and the lips from cracking.

2 oor 2008 Encyclopaedia Britannica, Inc.

: . 20°
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Intertropical Convergence Zone over West Africa
Source: https://www.dacciwa.eu/projects/monsoon-processes

Demonstration

» Open ITCZ.gif (included in the Session2_PRECIPITATION_Presentation.pptx file) for an
animation of how the precipitation belt swings northwards and southwards during the
year.

Session 2: Precipitation & the West-African Monsoon 18
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Maps derived from CHIRPS satellite reanalysis data
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VARIABLE: Precipitation

WHAT IS PRECIPITATION?

Precipitation is all the water that falls down to earth from the atmosphere in different states,
asice crystals and raindrops. Ghana and Cameroon experience only liquid precipitation, which
is called rainfall. If the weather is cold enough, like in Switzerland in winter, the precipitation
takes solid form and we speak of snow or hail.

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

Precipitation is recorded as the amount of water in millimeters [mm] (or equivalently in liter
per square meter [L/m?]) at the land surface in a given time period, which is usually an hour
[h] or a day [d]. Therefore, common units of rainfall intensity are millimeters per hour [mm/h]
and millimeters per day [mm/d]. Rainfall can be measured on the ground with a manually or
automatically operated device called a rain gauge (or pluviometer) that collects the rainwater
over a certain time interval. Rainfall can also be recorded by a weather RADAR, which is
mounted on a hill or on a satellite in space and uses the echo of radio waves to estimate the
rainfall location and intensity. Weather forecasts on TV or radio rely on such RADARs.

WHAT DOES PRECIPITATION DEPEND ON?

The amount of precipitation is strongly space-dependent meaning it can vary a lot from place
to place. That is because the weather conditions (cloud cover, temperature, pressure, wind)
that generate precipitation also vary strongly in space.

HOW ACCURATE IS PRECIPITATION MEASUREMENT?

As for gauge data, measurement errors might be due to under catch (wind blows the rain away
from the gauge opening before it can be recorded) or blockage (by debris or insects) of the
device. Weather RADAR is much less accurate because it determines rainfall from the
reflectivity of raindrops in the atmosphere.

Demonstrations

> Hand out the pluviometers available at your school or show a picture to explain their
measurement principle. Show the picture of the rain gauge in the TAHMO station and
describe how it functions and where exactly it is mounted. You can find more details
on the measurement principle in the ATMOS 41 Manual on page 14. The principle is
based on counting drops coming out of the gauge funnel using two elecrodes.

» Conduct a mathematical proof that liter per square meter [L/m?] is equal to millimeter
[mm] rainfall depth.

Session 2: Precipitation & the West-African Monsoon 20
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TAHMO station rain gauge
Source: http://library.metergroup.com/Manuals/20635_ATMOS41_Manual_Web.pdf

A pluviometer
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EXPERIMENT: Low budget rain and evaporation gauge

Objective

Students use plastic bottles to build a rain and an evaporation gauge. They learn how to
record rainfall over a time period, and measure evaporation to account for dry days. The
data record will be used for the DATA EXPLORATION in Session 3: Evaporation & the Water
Cycle, to compute and plot rainfall amounts and evaporative loss.

MATERIAL (per group)

2 Plastic bottles (1.5 L)

Measurement cylinder (i.e. with 100 mL marks)
Bucket with water

Ruler

Permanent marker

Scissors

Paper and pencil

I O O Y IO B

Optional: tape or paper clips

Gauge material

INSTRUCTIONS

Step 1: Cut off the top of the two plastic bottles approximately 10 cm from the top. Keep one
of the top parts and remove the lid.

Step 2: One of the bottles will be the rain gauge. Hand out the measurement cylinders to the
student groups, so that they can calibrate their bottles. Create a scale on the cut 1.5 L bottle,
by filling in measured amounts of water from the bucket, marking the water level on the bottle
and writing the respective volume next to it with a permanent marker. The different groups’
scales may differ, but at least 100 mL intervals and a maximum mark of at least 500 mL are
recommended. When each group has its calibrated bottle ready, place the top part of the
bottle upside down into the bottom part, like a funnel, and attach it with paper clips or tape
if necessary.

Step 3: The second bottle will be the evaporation gauge. As before, do a calibration, but only
for the water level that corresponds to 500 mL volume. Recycle the leftover plastic bottle
parts.
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Rain gauge Evaporation gauge

Step 4: Each group finds an open location in the schoolyard, away from buildings or trees that
could affect the measurements. There, place the rain and the evaporation gauge and secure
them to the ground. To secure them, you can for example dig the bottles a bit into the ground
and/or place stones around them or drive a stick into the ground and attach the bottles to it
with tape or a string.

Step 5: From the next day on, each student group starts their data logbook, for which an
example is given on the next page. Every morning record:

e The water volume in the rain gauge [mL] as accurately as possible by eye.

e The loss of water in the evaporation gauge [mm] measured with a ruler from the 500 mL
marker downwards. Agree on an algebraic sign convention, e.g. record evaporative loss as
a positive quantity with a “+”. If it rained, there might be more water in the gauge than
before, in this case note it down as negative quantity with a “-”."

e The weather conditions, e.g. sunny, cloudy, stormy, windy.

In case the data could not be read, (e.g. water was spilled or measurement was skipped) write
“NaN” in the log instead of a number and make a note to explain why the measurement failed
on that day. If you skipped one day, also make a note for that day, but nevertheless write
down the accumulated rainfall as soon as you measure again on the next day.

For the rain gauge, after each nonzero rain record, remove the funnel, empty the bottle and
place back the top. For the evaporation gauge, after each time water has evaporated or
precipitated and the level is not equal to the 500 mL marker anymore, level it out again by
adding or removing some water.

* This sign convention might sound unintuitive, but it corresponds to the direction of the evaporative flux (high
water loss indicates high evaporation) and will simplify the DATA EXPLORATION in Session 3: Evaporation & the
Water Cycle.
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Example of a data record

N =T 0 4TS TR

Y =1 A = RO RRRRTRRRRRR

Location of the gauges in the schoolyard: ..o

Day

Time

Rain gauge
water volume [mL]

Evaporation gauge
water loss [mm]

Weather
conditions

Comments

Note: This experiment runs for the complete week; the students are supposed to take the
measurements self-organized every day as described in Step 5. For today, return back into the
classroom. The termination and evaluation of the experiment will be explained in the
instructions of the next science club session (Session 3: Evaporation & the Water Cycle).
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DATA EXPLORATION: Monsoon seasons

M

Summary

near to the equator. There are regional differences in those seasonal patterns. Comparing
northern and southern regions of Ghana, we find that the annual sum of rainfall increases
towards the coast and that the months of maximum rainfall are different for each location.
The time periods of TAHMO rainfall records are not sufficient to describe the climate of a
region, but this data informs us about current weather conditions in the most recent past.

onsoon rains and winds occur every year with some general characteristics in countries

MATERIAL

Laptop and computer projector

[0 Whiteboard (or blackboard) or screen

] File “Session2_PRECIPITATION_Presentation.pdf” or laminated pictures of daily and
monthly rainfall in [mm] of two TAHMO stations

] Calculator

] Optional: your own TAHMO station’s rainfall time series, preprocessed and plotted in
EXCEL

INSTRUCTIONS

Step 1: Use the projector to show the images of daily rainfall [nm] at the Navrongo and Half
Assini TAHMO stations.

—>Ask students what they observe:

Where was the rainfall recorded?

Over which period was the rainfall recorded?

What was the unit of measurement?

Which months look like they have the most/least rainfall?

Can you identify the different rainy seasons?
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Step 2: Repeat Step 1 for the monthly rainfall data at the same two TAHMO sites.
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Step 3: Project daily and monthly values of another station that has at least 2 years of record.
One option is to use the available plots and values for Nsoatre (Brong Ahafo region). The
second and more interesting option is to work with your own station’s data, which you need
to preprocess until it has similar format to the Nsoatre example. If you chose the latter option,
you might have to adjust the questions accordingly.

—>Give a small introduction to the place, time period and unit of measurement. Ask students:

Can you locate the rainfall pattern and is it a uni-modal or a bi-modal regime?
Have the different years been similar in their seasonality? Where are the differences?
Where does it rain more?
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Step 4: Switch the projection to the table of monthly values. In the following, the students will
use descriptive statistics to describe rainfall amounts for one location.

—>Take a look at the table.

Are there data gaps? What could be the reason?

For which years can you compute an annual sum of precipitation? Compute the annual
sum of precipitation for the chosen years.

With the available data, over how many years can you compute a monthly mean
precipitation? Is the number of years sufficient to describe the climate of the station?
On average, how much does it rain in December and in July? Compute those monthly
means and make comparisons with other data you saw today.

erZ;h Jan | Feb | Mar | Apr | May | Jun Jul Aug | Sep Oct Nov | Dec
2015 67.5 | 2546 | 27.1 | 0.1
2016 | 0.4 | 7.2 | 1439 | 76.6 |202.6 | 80.2 | 32.2 | 18.8 | 208.9|152.2 | 215 | 6.8
2017 | 0.7 | 59 | 835 | 83.1 | 90.8 | 156.6 | 87.4 | 55.0 | 168.4 | 105.0 | 101.6 | 0.6
2018 | 0.1 |33.2|138.3|171.3|121.8|196.8|151.8 | 163.7
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Solutions

One year (April 2017 to March 2018) of TAHMO rainfall data is plotted for Navrongo (upper
east region) and Half Assini (western region). The figures are available in two different
resolutions: millimeter per day [mm/d] and millimeter per month [mm/month].
Navrongo in northern Ghana experiences a uni-modal rainfall pattern i.e., in this region,
the monsoon rains peak only once per year. On a 30-year average that season is May to
September. One rainfall event with peak intensity of about 100 mm/d can be identified in
August 2017. However, looking at the monthly sum plot, the month with highest rainfall
amount (300 mm/month) was actually July 2017. During December 2017 and January 2018
there was no rain at all.

Half-Assini on the west coast of Ghana typically has two rainy seasons, because the ITCZ
passes here twice per year. This is called a bi-modal rainfall pattern, with a major rainy
season between March and July and a minor raining season between September and
November. As we can see from the daily plot, not each year behaves according to this
average climate. For example, only very little rain was recorded during September 2017.
January 2018 was again the month with least rainfall. Different than for Navrongo, Half
Assini’s months of maximum intensity rainfall were May and October 2017 and those are
also the months of highest accumulated rainfall. Note, for example, that in June 2017,
daily peak intensity rainfall in Half Assini reached up to 2.5 times more than in Navrongo
(250 mm/d compared to 100 mm/d) and that this is more than it rained in Navrongo during
the complete month of June 2017.

Session 2: Precipitation & the West-African Monsoon
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ACTION: False monsoon starts & farming

In West Africa, the rainy season regularly has a false start. This means that rainfall starts before
the actual rainy season begins. This may even be a couple weeks before the regular rainy
season. Many farmers plant seeds immediately after the first rainfall in order to maximize
their profit in the rainy season. However, if the regular rains are delayed by several weeks,
they suffer a lot of damage and need to replant their seeds sometimes up to three times. The
end effect is that the farmer’s initial investment for seeds is lost and he/she is not able to re-
invest in the coming season.

The following image depicts a stunted maize plant on a farm in the Ashanti region, portraying
the impact of drought /the lack of rainfall during the critical stage of the maize life cycle. For
further information about this story, see the Reference section at the end of this document.

Stunted maize plant on a farm in the Ashanti region
Source: "Effects of climate change on farming: the story of 2
farmers in Ashanti Region", Gardja article by Prince Appiah (2016)

What can you do?

> Drought insurance: With simulations fed by ground and satellite observations, it is
possible to accurately determine whether the ITCZ has indeed shifted and thus
whether the actual rainy season has started. The Ghana Agricultural Insurance Pool
(GAIP, http://gaip-info.com/) uses this information for commercial purposes and
provides agricultural insurance for farmers in Ghana to come up for the adverse effects
of climate change. For example, the Drought Index Insurance is a product for
smallholder farmers. It uses either a ground weather station like TAHMO or a satellite
as the reference point for payouts.

> Farmer helpline: ESOKO is a Ghanaian company that provides advisory services on
market price, weather information and agronomic advice to rural communities via
SMS, voice SMS and call center https://esoko.com/digital-farmer-services/

> Talk to farmers in your community and find out if they are aware of and using such
insurance policies.
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EVAPORATION
& the Water Cycle

Purpose
e Students review the different processes of the water cycle
e Students are able to evaluate rain and evaporation gauge measurements
e Students understand rainwater harvesting as a simple low-cost water collection
technique

Overview

e Topic: The water cycle

e Variable: Evaporation

e Data Exploration: Low budget rain and evaporation gauge measurements
e Creative Activity: Watershed and water balance poster

e Action: Rainwater harvesting

Time
e 90— 120 min (two class periods)

Material

e “Session3_EVAPORATION_Presentation.pdf”

e Computer and projector/beamer (or laminated printouts of figures)

e Calculator

e Data records from the EXPERIMENT of Session 2: Precipitation & the West-African
Monsoon

e Paper and pencil

e Poster-size paper or fabric in bright colour

e Colour or paint

e Pins, nails or tape




TOPIC: The water cycle

Guiding Questions

What is the main driver of the water cycle?

Which are important sources of water for humans, animals and plants, and where did
the water come from?

How do human activities influence the water cycle?

The water cycle is the never-ending movement of water on earth between different states
(liquid, gaseous and solid). Sun (in other words, solar) energy drives a process called
evaporation, where liquid water from oceans, lakes and rivers changes to the gas phase and
thereby provides for most water vapor in the atmosphere. The rest comes from transpiration,
which is the release of water as vapor from plant leaves, and soil evaporation, which is the
loss of water as vapor from bare ground. In the gas phase water molecules remain in the
atmosphere for about ten days and condense to clouds before they fall back to the ground as
precipitation. Most of the precipitation is rain (liquid), but it could also be snow or ice (solid).
One part of rain and melting snow or ice flow directly back into rivers and oceans, this is
surface runoff. Most of the rest contributes to infiltration into the ground, where it is taken
up by plant roots, or slowly seeps back through the subsurface into open water bodies. Also
called percolation, part of the infiltrated water infiltrates deeper into groundwater aquifers,
where it is stored for longer periods.

Climate change alters the water cycle. Air
temperature increase (global warming) .
speeds up the water cycle and its processes, JUCTPIS i Prociption
i.e. it leads to higher rates of evaporation
and transpiration and leads to a larger
amount of water vapor in the air. “What goes 4 o
up must come down,” therefore increased : H st
water vapor often leads to increased & Tanspiaton -,
precipitation. Factors such as geography and

atmospheric circulation patterns determine (0 WIETIES Pzt
where the water eventually precipitates.

‘s

A “faster” water cycle has two different
effects: on the one hand increased drought, The water cycle and its processes

and on the other hand increased precipitation Source: https://www.bbc.com/bitesize/clips/z8qtfg8
and flooding. In some environments,

especially those with limited open water like the Sahel Zone, increased evaporation and
transpiration dries out the soil, leaving less water to move to the atmosphere, fewer clouds,
and less precipitation. In other environments with access to oceans or lakes, more evaporated
water can lead to more and heavier precipitation and eventually cause flooding.
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VARIABLE: Evaporation

WHAT IS EVAPORATION?

Evaporation is the process of a phase change in water from liquid to vapor. When heat energy
from the sun is added to water, the water molecules in the liquid phase gain motion. They
escape from the surface of the liquid and become a gas, which rises into the atmosphere.
Thereby water is transported from the Earth's surface to the atmosphere.

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

Similar to a precipitation measurement, evaporation is commonly expressed as a rate, i.e.
water depth in millimeter [mm] per unit time, for example per day [d]. This water depth, e.g.
one millimeter [mm], can be understood as the thickness of a water layer that results from
spreading one liter [L] of water on one square meter [m?] of surface.

An easy, direct and comprehensible way to measure evaporation is the evaporation pan
method. To determine the evaporation rate, the water loss from a container is recorded over
a certain time period. Often however, evaporation is not directly measured but rather
computed with formulas that relate evaporation to other climatic variables. For example, the
TAHMO station does not specifically measure evaporation. However, it measures solar
radiation, which is the sun energy in [W/m?], with a pyranometer (integrated into the lip of
the rain gauge funnel at the top of the weather station). Solar radiation is the main driver of
evaporation and can be used to calculate it mathematically.

WHAT DOES EVAPORATION DEPEND ON?

The amount of evaporation depends on several other climatic variables like solar radiation,
temperature, wind speed and atmospheric pressure.

HOW ACCURATE IS EVAPORATION MEASUREMENT?

Although pan evaporation is intended to represent evaporation (from an open water body),
in fact it cannot mimic the actual conditions of open water evaporation. This is because, for
example, wind and animals could cause additional loss of water and distort the measurement.

Demonstrations

> Hand out the evaporation gauge you built from a plastic bottle last week. Show a
picture of an evaporation pan to explain their measurement principle and use the
picture of the pyranometer on top of the rain gauge in the TAHMO station so that the
students know how it functions and where exactly it is mounted. You can find more
details on the measurement principle in the TAHMO ATMOS 41 Manual on page 11.
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Pyranometer

TAHMO station pyranometer on top of the rain gauge funnel to measure solar radiation,

which can be used to derive evaporation mathematically
Source: http://library.metergroup.com/Manuals/20635_ATMOS41_Manual_Web.pdf

Evaporation pan with wind anemometer
Source: http://piercecollegeweather.com/instruments/evaporation-substation/
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DATA EXPLORATION: Rain and evaporation
measurements

Summary

There are easy methods to measure water cycle processes like rainfall and evaporation
and everyone can do it. If you want to use the measurements for any purposes, you have
to know about possible sources of errors and inaccuracies (the quality of your data).

The use of TAHMO data has the advantage that the measurements are taken continuously
(for many years instead of one week), in high temporal resolution (every 5 min instead of
just once a day), automatically (you don’t have to take readings on paper) and in a unit
that you can use for applications (without conversion). Evaporation is often not very well
visible in nature, but by comparing precipitation with evaporation we understand that only
a part of the water that falls on the ground as rain actually remains in water bodies like
rivers and lakes. This remaining part is known as runoff.

MATERIAL

[J Laptop and computer projector

Whiteboard (or blackboard) or screen

File “Session3_EVAPORATION_Presentation.pdf”

Data records (low budget rain and evaporation gauge) from the EXPERIMENT of last
week’s session (Session 2: Precipitation & the West-African Monsson)

Calculator

(I I

|

[J Pen, paper and graph paper

INSTRUCTIONS

Step 1: This week we evaluate and plot the data

Rain gauge Evaporation gauge

Day Time water volume [mL] water loss [mm]

obtained from the rain and evaporation gauges set up

a week ago (EXPERIMENT of Session 2: Precipitation

& the West-African Monsoon). The students take the

[= R PR F oS

last reading (day 7) of their rain and evaporation

7

gauges, if not yet done, and collect the empty bottles.
Back in the classroom, every group needs their data
record ready.

Data record from the low-budget rain and
evaporation gauge.

- Quickly reflect on your measurements:

Did the experiment go well, and which problems did you come across?

Check your values; do they make sense and agree with the weather conditions you
noted? E.g., on a sunny day without clouds, you expect zero rainfall and nonzero
evaporation, is that fulfilled?

Is the order of magnitude realistic? Do you find mistakes?
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Step 2: We start by calculating the amount of rainfall [mm] for each day. Therefore, we need
to:

—>Measure the diameter of the rain gauge bottle [cm].

- Compute the area A [cm?] of the rain gauge, where A = ntr? and radius 7 [cm] is half of the
measured diameter.

- Divide the recorded rain gauge water volume V [mL] (from the data record) by the area A
[cm?] of the rain gauge to get the rainfall [cm]. Reminder: 1 mL = 1 cm?. Then multiply the
result by 10 to convert the rainfall R from [cm] to [mm] using the formula:

R v 10
= — %
A

Apply the formula to calculate the rainfall R [mm] for each day (1 to 7) of record. Write down
the results.

Step 3: Next, we determine the daily evaporation E [mm]. Remember: we noted the loss of
water from the gauge as positive (+) quantity. When rainwater was added up above the 500
mL mark, that additional height was recorded with a minus (-) sign. Therefore, to get the actual
evaporation E [mm] for each day, simply add the computed rainfall R [mm] to the recorded
evaporation gauge water loss WL [mm] according to:

E=WL+R
Write down the results for days 1 to 7.
Step 4: Compare your results among the groups.

->Discuss:

Did all groups compute similar values? If not, why? Was it due to different
measurements or due to computation errors?

Which factors might cause differences in measurements? Consult your data record
“Weather conditions” and “Comments” column to find explanations.

Step 5: Students prepare the plots to insert their measurements. Project or draw an example
of a climatograph as displayed below on the whiteboard as a help. Students may use the graph
paper in the Student Worksheets for easier elaboration.

—>Draw the diagram. Use the example climatograph as a reference but adjust the scale
according to your measurements. The x-axis needs space for the 7 days of measurement. To
get the size of the y-axis, read the computed maximum rainfall R [mm] and the maximum
evaporation E [mm] of the week. The left y-axis is for rainfall, make a scale that is appropriate
for drawing and covers the range of measured values (from 0 to maximum rainfall). The right
y-axis is for evaporation, proceed as for rainfall (you might decide to use a higher resolution
scale because evaporation is expected to be much smaller than rainfall).

—lInsert the measurements in the diagram. If available, use two different colours, one for
rainfall and another one for evaporation. For each of days 1 to 7, draw a bar with the width of
one grid cell and the height corresponding to the calculated rainfall R in [mm] (which is written
on the left y-axis). Above each day tick, draw a marker at the height that corresponds to the
calculated evaporation E [mm] (which is written on the right y-axis).
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Example of a climatograph
&biwfo,l,l.} Eiva orabitown

[vim/ddy] Lmim/dd

&9 25

aH.0 P
20

- 15

2 16

1 -~

o v

Pay Pay Day Pav bm, Pay b&‘j
1 ] |3] |4 |s] |e] |7

Step 6: To validate the students’ data, you can download the last week’s data from your
TAHMO station and make comparisons between the digital and the manual measurements.

—>Discuss:

How do the rainfall/evaporation measurements vary between the different groups’
locations? Can you explain why?

How do the rainfall/evaporation measurements vary over the time period of one week?
Is rainfall more or less variable than evaporation? Why?

Does the self-made rain gauge provide good estimates for rainfall as compared to the
TAHMO station?

How might the weather conditions have affected the measured evaporation rates? For

example, did you observe days with relatively high evaporation rates that could be
explained by changes in temperature, wind speed or relative humidity? Here you can
also use TAHMO data to get additional information.

Step 7: Finally, we calculate a small water balance for the week.

—>Separately sum up daily rainfall and evaporation to obtain the totals for the week
[mm/week].

—>Compute the fraction [%] of total evaporation [mm/week] from total rainfall [mm/week].
The result tells you how much of the precipitated liquid water was immediately released back
to the atmosphere in the form of evaporated water. If you subtract that fraction in percent
from 1.0, you get the percentage of rainwater that is actually available on the earth surface
for humans, animals and plants.
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ACTIVITY: Watershed and water balance

Objective

The students derive a simplified water balance model and manifest it in a creative work.
This activity generates an understanding of how the water cycle transport processes
interact, shape our environment and can be beneficial or harmful for humans and other
organisms.

MATERIAL

[0 Poster-sized paper or fabric in bright colour

[J Colours or paint to draw on the paper or fabric

[0 Pins, nails or tape to attach the poster to the wall
[l Pen and paper

INSTRUCTIONS

Step 1: Provide a big sheet of paper or fabric and colours or paint, and have some creative
students draw a poster of a watershed (this can already be prepared before class). A
watershed is a drainage area, or a region where the rainfall and runoff water flows into the
same river or stream. For example, most of Ghana, plus parts of Burkina Faso, Togo and Benin,
are drained by the Volta River and its tributaries. All these regions together form a huge
watershed. Your school lies in a much smaller watershed. An example of which elements
could be contained in the drawing is provided in the image below. Hang the watershed poster
in the classroom with pins, nails or tape. Keep the posterin the classroom as learning material
because you will be able to use it for explanatory purposes during follow-up sessions.

—>Explain what you see.

Can you characterize the different elements of the watershed? On the poster, try to
identify and label

e Ocean
e C(Clouds
e Sun

e Mountains
e Vegetation
e River

e Soil Surface

e Groundwater

e Bedrock

Watershed representation
Source: https://www.vecteezy.com/vector-art/99106-free-water-
cycle-diagram
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Do you understand the 3-dimensional style of the poster? Which of the watershed
elements are above (atmosphere), below (subsurface) or directly on the ground (soil
surface)?

Step 2: The students derive the different fluxes of our water model. Remember: there are
five major ways of water transport between the atmosphere, the soil-surface and the
subsurface. These were previously introduced during the “The water cycle” section and are
written in the arrows below.

- Ask the students to mention one transport process of the water cycle.

—>When the term is correct, have her/him write it down in large and readable letters on an
arrow that was cut out of paper, and attach it to the image pointing in the right direction.

—>Discuss for each arrow:

Whether the water changes its physical state during the transport process or not.

How the source and the destination of the water could be a limited resource, or in other
words, who or what (humans, animals, plants, soil) is influenced by the water flow
represented by the arrows?

\\\\\\

\\\\\\

OlLV1IdID34d

——
EVAPORATIO
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TRANSPIRATIO

[ —
OILVYLIIENI
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Step 3: Environmentalists, engineers, farmers and other professionals use the so-called water
balances to find out how much water is in the atmosphere, in surface waters, and in the
groundwater. Knowing the distribution of water in one watershed, it is possible to make
sustainable decisions on who gets how much of the water and when. There are many,
sometimes conflicting, water demands:

e Humans need water for drinking, washing, irrigating crops, producing electricity, etc.

e Animals, like fish, need water in lakes and rivers and elephants need water in ponds in the
savannah to survive.

e Rainforests and swamps need water so that plants and ecosystems can be conserved.
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Looking at the watershed poster and the arrows of the water cycle processes that point
towards or away from the soil surface on which the humans, animals and plants live, we
understand that rainwater is our major source of water that is directly available. Indirectly, we
can also use runoff water that we take away from rivers, lakes and oceans, or infiltrated water
that we pump from wells that are tapping the groundwater.

TRANSPIRATION I

+ NOILY1IdID3dd
EVAPORATION []

B NowvyLlENI

Change in Surface Water Storage
= Precipitation — Evaporation — Transpiration — Runoff
— Infiltration

By writing down the water balance as a formula, we can find out whether we have a positive
or a negative storage available on the soil surface. This might, for example, vary depending on
the season (rainy or dry). From our experiment, we could now determine two of the fluxes
for one week to compute a simplified water balance: precipitation and evaporation.
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ACTION: Rainwater harvesting

Rainwater Harvesting (RWH) is a simple low-cost technique to collect water and not allow it
to be lost to runoff or infiltration. RWH requires minimum expertise and offers many benefits.
Particularly in semiarid areas, the use of rainwater is an efficient alternative to meet increasing
water needs, without lowering groundwater tables and depleting reservoirs. Rainwater is a
limited resource and if not collected it would be lost as surface runoff or evaporation.
Rainwater harvesting could contribute to bridging the harmattan season with stored water
when other sources are dry. Because the RWH collection point is usually directly next to the
house (or school), the money and time that would be required to fetch water elsewhere is
saved. The quality of harvested rainwater is generally good for cooking, washing, irrigation
and after filtration, it can even be used for drinking.

Components of a RWH system:

e impermeable roof (sheet metal, plastic)

e gutters and pipe made of local materials (metal, aluminum, ceramic, bamboo, PVC)
o first flush diverter

e storage tank (made of cement, bricks, or PVC)

e tap

Collection area

7 7 va ) Conveyance system

=) Storage facility

Simple model of a rainwater harvesting system
Source: http://technicity.osu.edu/show-us-technologies-being-used-around-the-world/a-simple-model-on-rain-
water-harvesting-system-being-extensively-promoted-by-nepal-government-to-solve-water-shortage-problem

We can compute how much water we potentially obtain from the RWH system, with the local
climatic conditions (annual rainfall should exceed 300 mm) as starting points for
conceptualization. The total amount of available water [L] is a product of the total annual
rainfall [L/m?] and the collection surface (i.e. rooftop) area [m?].

What can you do?

> Build you own school’s Rainwater Harvesting System. This document
http://www.unesco.org/new/fileadmin/MULTIMEDIA/FIELD/Addis-
Ababa/images/Green.pdf (pages 16-23) gives more detailed instructions on how to
collect the water.

> Think of what you could use such collected water for: for example irrigating school
gardens, flushing toilets, washing floors, etc.
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RELATIVE HUMIDITY
& Climate Extremes

Purpose
e Students are able to associate flood and drought hazards with climate change
e Students explore how relative humidity affects rainfall
e Students elaborate on timing and location of hazards in Ghana

Content

e Topic: Climate extremes: floods and droughts

e Variable: Relative humidity

e Experiment: Foam saturation model

e Data Exploration: Humidity vs. temperature regional effects
e Action: Hazard calendar and map

Time
e 90-120 min (two class periods)

Material

“RELATIVEHUMIDITY_Presentation.pdf”

e Computer and projector/beamer (or laminated printouts of figures)
e Pieces of foam

e Spoon and plate

e Calculator

e Paper and pencil




TOPIC: Climate extremes: floods and droughts

Global warming causes some specific climate changes and hazards. One change is that
extreme rainfall amounts are expected to increase, leading to more floods. Another is that
evaporation will increase, which could lead to more droughts.

WHAT IS A FLOOD?

Inundation of an area by a rise of the water level in a river or lake that puts life and properties
in the affected area under risk.

WHAT ARE THE CAUSES OF A FLOOD?

e Floods are mostly the result of heavy rainfall. Climate change may lead to increasing
variability and intensity of rainfall patterns and therefore floods. These are known as
“climate induced” floods, characteristic for northern Ghana.

e Improper city planning, poor drainage systems, building in waterways and lack of
information on early warning systems may also result in floods. These are known as
“human induced” floods, characteristic for Accra and Kumasi.

WHAT ARE THE EFFECTS OF A FLOOD?

e Damage of property (houses, crops) and infrastructure (roads, railways, electricity
distribution lines)

e Risk of injuries and death by drowning

e Salinization of agricultural land and subsequent decrease of food availability and income,
and increase of malnutrition

e Impairment of safe water supplies and probability of diarrhea outbreaks

e Displacement of people until houses and infrastructure (roads, power and communication
links) are rebuilt.

Garbage wave in  Coastal flood zones delta region Storm front at Labadi beach
Accra during the
2015 flood
Image Sources: Left: https://www.ladunliadinews.com/2015/06/more-heart-breaking-photos-from-ghanas.html

Middle: https://cariaa.net/research/blog-adapting-what-reflecting-multiple-drivers-change-and-
response-strategies
Right: https://www.pinterest.ch/pin/500673683543738729/
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WHAT IS A DROUGHT?

Dryness that is severe enough to reduce soil moisture and water levels below the minimum
necessary for sustaining plant, animal, and economic systems, often as a result of below
average precipitation. Similar as for floods, not all droughts are directly climate-induced, but
they could also express a misbalance between water availability and demand.

WHAT ARE THE CAUSES OF A DROUGHT?

e Delayed or insufficient rain (shifting monsoon winds)
e Enhanced evaporation and greenhouse effect (increasing average global temperature)
e Deforestation (forests generally retain water in the landscape)

WHAT ARE THE EFFECTS OF A DROUGHT?

e Shortage of food and water (dying of people and animals of dehydration and famine due
to crop destruction)

e Environmental damage (desertification in arid places and dry soils are unable to support
vegetation growth)

e Forest fires and haze (dry vegetation quickly catches fire, with smoke and haze affecting
the environment and people’s health)

A

Maize crop failure Yaya Reserve forest fire Desertification

Image Sources: Left: http://www.ghanalive.tv/2017/07/14/gawu-ghana-suffer-major-food-crisis-end-year/
Middle: http://www.africadailyreport.com/articles/2014/02/10/fire-destroys-yaya-forest-reserve
Right:https://www.dhigroup.com/global/news/2017/03/improving-the-livelihoods-of-farmers-in-ghana
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VARIABLE: Relative humidity

WHAT IS RELATIVE HUMIDITY?

Humidity is the amount of water vapor present in the air. The variable relative humidity (rp) is
derived from vapor pressure measurements. It expresses the ratio between the actual amount
of water vapor in the air (ea) and the maximum capacity of air to uptake water vapor at a
particular temperature (€sat), rh = €a/€sat.

WHAT IS THE UNIT OF RELATIVE HUMIDITY AND HOW IS IT MEASURED?

The unit of vapor pressure is Pascal [Pa], but because relative humidity is the ratio of two
vapor pressures, that unit cancels out and we obtain percent [%]. On a scale from 0 to 100%,
absolutely dry air that contains no water has a relative humidity of 0%, while 100% of relative
humidity corresponds to air that is fully saturated with water and the vapor begins to
condense. In order to form clouds and precipitation, a relative humidity close to 100% is
required along with nuclei (e.g. small dust particles) on which water vapor can condense.

There are two historical instruments to determine relative humidity. One is the hygrometer.
It uses an element that contracts and extends depending on moisture, for example a
horsehair. Relative humidity is then derived from the length of that horsehair, where longer
hair means higher relative humidity. Another measuring instrument is the psychrometer. It
consists of one air thermometer and one wet-bulb thermometer. Relative humidity is derived
from the temperature difference between the two thermometers, where a smaller
temperature difference means higher relative humidity. Nowadays, electronic sensors such
as the one that the TAHMO station has are used.

WHAT DOES RELATIVE HUMIDITY DEPEND ON?

Relative humidity is strongly variable with temperature, and air pressure also plays a role. The
higher the air temperature the higher the maximum capacity of air to uptake water vapor,
because the air expands with temperature. Therefore the saturation vapor pressure esat is
mostly dependent on air temperature. On the other hand, the actual vapor pressure e,
depends on many factors such as advection of atmospheric moisture from the sea over land,
evaporation from the soil and lakes, wind, etc. As a result, rn depends on many factors in
addition to temperature.

Demonstrations

> Show the picture of a horse hair hygrometer to explain their measurement principle.
If other hygrometer or psychrometers are available in your laboratory, hand them out
to the students. Use the picture of the vapor pressure sensor in the TAHMO station so
that the students know where exactly it is located. You can find more details on the
measurement principle in the ATMOS 41 Manual on page 13.
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Vapor pressure sensor

@— Teflon screen

TAHMO station vapor pressure sensor to automatically derive relative humidity
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Horsehair hygrometer
Source: https://etc.usf.edu/clipart/20700/20785/hairhyg_20785.htm
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EXPERIMENT: Foam saturation model

Objective

With help of a simple foam saturation model, the students understand the concepts of
relative humidity, saturation and rain formation. Conducting the experiment should also
explain why high intensity short duration rainfall events, that come with the risk of
flooding, are becoming more frequent since we are experiencing global warming.

MATERIAL (per group)

[J Piece of foam (like in a mattress or what is used as duster to
wipe the blackboard, it can be purchased in a kitchen or in
a washing supply shop)

Cup of water

Plate

Spoon

Calculator

Paper and pencil Pieces of foam (also known
as "sponge")

T B ey O [ B

INSTRUCTIONS

Step 1: Divide the class into groups and distribute the material to each of them. Make sure
the foam is dry at the beginning of the experiment.

Step 2: One at a time, the students slowly and carefully pour water on the sponge with the
spoon. If the water does not enter the foam at first, that spoonful can be poured on the plate
and soaked up with the foam.

—>Each group counts how many spoonfuls they add.

- After some spoonfuls, interrupt the students and ask:

What is happening to the water, where does it go?

What do you think is going to happen when you continue?

- Students resume pouring spoonfuls of water on the foam and continue to count, until it
starts to drip water. Then stop the students and remind them to note down the number of
spoonfuls that it took to make the sponge drip. Check the students understanding.

What has happened to the sponge, why is it dripping?

What is the scientific name of the condition that the sponge has reached when it starts
dripping?

Can you explain how a cloud that forms rain is behaving similar to the sponge?
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Solutions

The foam (sponge) has many small holes called pores. When water is poured on the
sponge, the pores will slowly be filled up with water. There is a point at which the sponge
cannot store any more water and starts to release some by dripping. This state is called
saturation. Clouds have a similar behaviour. Evaporated water is added to the cloud until
it becomes too much for the cloud to hold it, and it starts dripping in the form of rainfall.
The surrounding conditions influence the time it takes until it starts raining from the cloud.
As an example, when a cloud that contains water but has not yet reached saturation
moves into an environment where either temperature is decreased or pressure increased,
saturation conditions are reached. If condensation nuclei are present, drops will be formed
and when they are large enough they will fall to the ground. You can demonstrate this by
squeezing the sponge a bit. Conversely, when a cloud moves to high temperature and low
pressure areas, the cloud can expand and even has to take up more water to stay at the
same level of relative humidity.

Step 3: Have the students complete the table on the following page.
—->Sketch and explain the following formula on the blackboard or project it:

Number of Spoonfuls
Number of Spoonfuls for 100% Saturation

= Saturation [%]

How many spoonfuls of water did you have to pour on the foam until it was 100%
saturated? Write your “Number of spoonfuls” in the table next to the entry of 100%
saturation.

Compare the values between groups. Are they different or similar and why?

What is the number of spoonfuls you needed to reach 50% saturation? Write it in your
table.

And the other way round, select one lower and one higher number of spoonfuls, calculate
the respective percentage of saturation and write the values in your table, as well.

Example of a data table

Number of spoonfuls Saturation
0%

50 %

100 %
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DATA EXPLORATION: Humidity vs. temperature

Summary

The amount of water vapour in air is strongly related to temperature. That means
temperature increase due to climate change will influence the water vapour in the
atmosphere and therefore the weather conditions, and especially rainfall. Depending on
the region and water availability results can be extremely humid (high intensity rainfall) or
extremely dry (droughts) conditions.

MATERIAL

[0 Laptop and computer projector

[0 Whiteboard (or blackboard) or screen

[J File “Session4 RELATIVEHUMIDITY_Presentation.pdf” or printouts

[J Optional: your own TAHMO station’s time series on relative humidity and temperature,
plotted

[0 Pen and graph paper

] Ruler

INSTRUCTIONS

Step 1: Project the plot of 3.5 years and 1 month of hourly relative humidity and temperature
data at Benso to the screen or whiteboard. Make yourself familiar with the axes description
and pay attention to the time axis.

->What can you observe?

Describe the yearly patterns. Is it regular? When is the relative humidity lowest? How is
that linked to the temperature?

Look at the higher time resolution (1 month) data on the bottom. Can you distinguish day
and night?

We observe that humidity is at 100 % most of the time, how would you explain that?
Compare to data of your own weather station.
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Benso, Western Region
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Solutions

Both relative humidity and temperature in the upper plot follow a regular yearly pattern
during the displayed 3.5 year time period. At times of lowest temperature (and lowest
temperature fluctuation) there is highest relative humidity (and lowest relative humidity
fluctuation); those phases are during July of each year. Around January the station
measured maximum temperatures and high amplitude of both temperature and relative
humidity. There are a few days during which temperature falls below 20°C and
simultaneously relative humidity falls below 50%.

In the bottom plot, we are able to see the daily fluctuations from November to December.
Every mid-day the temperature peaks at a maximum and at the same time the relative
humidity reaches the daily minimum, the air is relatively speaking the “driest.” The Benso
station lies in western region where there is a lot of forested area. Rainfall is frequent and
moisture from evaporation and transpiration available, that is why the relative humidity
stays at 100% most of the time.

Step 2: Looking at this data, our hypothesis is that relative humidity is inversely proportional
to temperature because esat is proportional to temperature. That means we suspect that as
temperature goes up, relative humidity goes down, and the other way round. To prove that,
we will plot one day of data and try to find a correlation between the two variables.
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Time | Temperature [°C] | Relative Humidity [%]
8 am 26 100
9am 28 94
10 am 31 84
11 am 32 73
12 am 33 69
1pm 34 66
2pm 34 65
3pm 30 84
4 pm 27 95
5pm 26 97
6 pm 25 100

—->Students plot the data from the table using the graph paper in the Student Worksheets.
There will be one point for each time, with relative humidity of that time as x-coordinate and

temperature of that time as y-coordinate. You can use the example of a data plot below.

Example of a data plot
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2> When the students have obtained 11 scatter points, instruct them to draw a straight line
that is approximately fitting the data points. Such a line is called a trendline.

What is the direction of the slope of the trendline? Positive ( /) or negative ( \ )?

What does the slope direction tell us about the relationship between Relative Humidity
and Temperature?

Is our hypothesis proven?

Step 3: For comparison, we will look at a one-year time series of relative humidity and
temperature from the north of Ghana (Daffiama, Upper West region). Here we also have the
precipitation data available.

—Let the students describe:

What is similar to the station at Benso?
What is different at Daffiama in general and during certain time periods?

Do you find an explanation for that? Use your geographical knowledge, the rainfall data
from Daffiama and the land use map on the following page to derive an answer.

Which of the regions (western region or Upper West region or your own) is prone to
experience floods and which one rather to experience droughts? During which months
and why?

Daffiama, Upper West Region
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Land cover map derived from ESACCI satellite data, 2015
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Solutions

Similar to Benso, at Daffiama we find the smallest temperature fluctuations in July. Apart
from that, the plot looks quite different. The relative humidity hardly ever reaches 100%.
From December to February it is extremely low at approximately 20%, a state which never
occurs at Benso. Daffiama lies in the Upper West region, the period of low relative
humidity and the wave pattern of temperature corresponds with the dry spells in that
area. Because of the savannah vegetation and the large distance to the sea or other
waterbodies, there is not sufficient moisture available to produce 100% relative humidity
even during the rainy season (April to October), although the temperature would
theoretically be high enough for evaporation. One interesting event happens in March
2018, where after a long dry period, there is a high intensity rainfall event of > 40 mm/h.
As a reaction the temperature goes down and the relative humidity peaks. Also note that
there is a gap in the relative humidity data in August 2018, when the station failed to
record.
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ACTION: Hazard calendar

A hazard is a dangerous event, situation or condition that may lead to losses and damage to
people, their property and the environment. A hazard may not necessarily develop into a
disaster if people and the community have sufficient resources to recover. Examples of
hazards that may cause significant losses and damage to food and agriculture include floods,

drought, wild fires, animal and plant pests, and diseases.

Hazard calendars indicate which natural hazards occur during the year and when they occur,
as well as if and when they affect cultivation activities of certain crops. Here is an example of

how it might look like:

Type of Hazard | Jan | Feb | Mar | Apr | May

Pest

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Drought

Fire

What can you do?

» Make a hazard calendar: Create your own hazard calendar, adjusted to your region.

Ask your parents or farmers which natural hazards affect the area and during which
months they occur. Additionally check up on newspaper / radio / television reports
about local disasters. When combining a hazard calendar with a cropping calendar
(indicating the growing and harvesting seasons of typical crops for a particular area)
the result visually shows which hazards occur, during which months of the year and
whether these hazards have an impact on cultivation activities of crops (seeding,
production, harvest). You can obtain the crop calendar for lower Volta basin from
http://www.flooddroughtmonitor.com/crop for a selected list of crops. This website
also provides interesting information like flood and drought maps, climate variable
forecasts, risk prediction and adaption strategies like climate-smart agriculture.

Support the firefighters: Join the Bush-Fire program of the Ghana National Fire Service
(http://www.gnfs.gov.gh/) and form a fire brigade in your district.

Work with NADMO: The National Disaster Management Organization (NADMO,
http://nadmo.gov.gh/index.php/departments/58-climate-change) is the institution in
Ghana responsible for prevention of and recovery from natural hazards. Amongst
NADMO'’s objectives are training of youth volunteers to assist in managing disasters
by equipping them with necessary technical know-how for disaster management.
Contact your regional office for more information on how to get involved.
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INFILTRATION
& Land Use Change

Purpose
e Students understand some effects of land use conversion on (local) climate change
e Students conduct an infiltration test

e Students discuss the problems of urbanization and how resilient cities can be
developed

Overview
e Topic: Land use change
e Variable: Infiltration
e Experiment: Infiltration test
e Data Exploration: Derivation of the infiltration rate
e Action: Spatial planning game

Time
e 90— 120 min (two class periods)
Material

“INFILTRATION_Presentation.pdf”
e Computer and projector/beamer (or laminated printouts of figures)

e 2 PVC pipes
e Buckets with water
e Ruler

e Timer or stopwatch
e Paper and pencil




TOPIC: Land use change

Guiding Questions

What are the different types of “land use” in Ghana?
How is climate change and the water cycle connected with land use?

Which are current trends of land use change and how would you assess the expected
consequences on water availability and weather?

Land use documents how people use land - this could be cropland, savanna, forest, water
bodies, bare land, industry or settlements.

We know that humans are indirectly the cause for more extreme and more variable weather
mainly because greenhouse gas emission alters the global water cycle. At the same time,
humans directly change their local climate through land use conversion. The new land use can
also make natural hazards caused by climate change more severe for a certain region.

When we go back to the water cycle and its fluxes (poster from ACTIVITY in Session 3:
Evaporation & the Water Cycle), it becomes clear that all processes which happen on the soil
surface (evaporation, transpiration, runoff and infiltration) are strongly dependent on land
cover. That means that the weather will be different after a land cover change. For example:

1. Deforestation is the name for removing a forest (e.g. cutting it down for timber or burning
it) to use the wood or the land for something else (paper, furniture, farming, building
ground).

e If a rainforest is removed and replaced with crops, there is less transpiration, or
evaporation of water from leaves. Less transpiration leads to heating of the surface
and warmer temperatures in that area. The soil water storage depletes and more of
the precipitation turns into runoff.

2. Land degradation is the reduction or loss of the biological or economic productivity and
diversity of cropland, pasture, forest and woodlands. More concretely that means
deforestation, erosion, depletion of organic matter and nutrients, or other processes that
are effects of overgrazing and tillage practice (farming), resource stripping (mining), and
use of too much groundwater (irrigation).

e [ffarmland is irrigated, more water is transpired and also evaporated from moist soils,
which cools and moistens the atmosphere, and can affect precipitation and cloudiness.
Over-exploitation of groundwater puts the water supply at risk because deep
groundwater aquifers take a long time to be recharged.

3. Desertification is an extreme state of land degradation in dry areas, which deteriorates the
natural ecosystem and reduces agricultural productivity to a minimum, so that the area
becomes a desert.

e When less moisture is available in the soil, there is also less evaporation and clouds or
rainfall become scarce. Water becomes inaccessible. Only plants adapted to dry
environments, such as cacti, survive.
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4. Urbanization is the word for expansion of cities into former natural or agricultural areas,

due to population growth and migration from rural areas. The soil is turned into

settlements, industry and infrastructure, which means that vegetation is removed, and
surfaces become impermeable — that is unable to infiltrate much water.

e Increased amounts of heat are adsorbed and released within a densely populated area,
which leads to higher urban temperatures as compared to lower temperatures in the
surrounding rural areas. Due to sealed surfaces, runoff is happens very quickly, leading
to flash floods.

Mole National
Park

Tamale

Deforestation in Ghana: tree cover loss from 2001 to 2017 is marked in pink.
Source: https://www.globalforestwatch.org/map
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VARIABLE: Infiltration

WHAT IS INFILTRATION?

Infiltration is the process of water (e.g. rainwater) soaking into the ground. Some of the
infiltrated water will remain in the upper soil layer, where it is available for plants and
organisms. Infiltrated water may also seep back into streams, rivers and eventually lakes or
the ocean. Some of the infiltrated water also percolates deep underground, where it
recharges the groundwater storage.

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

Infiltration is expressed as the rate at which a certain water depth enters the soil from the
surface. The most common unit is millimeters per minute [mm/min]. To determine the
infiltration rate for a certain location it is necessary to conduct an infiltration experiment
directly on the ground using an infiltrometer. This device is a ring that is driven into the soil
and filled with water until it ponds. Then the time it takes to for the soil to soak the water is
recorded. In cases where this experimental procedure is not possible, people may use soil
type maps to infer typical infiltration rates. The TAHMO station only measures atmospheric
climate variables, not soil parameters, therefore our station data cannot be used to determine
an infiltration rate. However, the station is able to measure soil moisture if an additional
sensor is attached to it.

WHAT DOES INFILTRATION DEPEND ON?

There are many factors influencing how much and how fast water can enter the soil, like
topography (slope or flat), land use (vegetated, bare or sealed), climate (dry or wet), soil type
(sand or loam), and soil structure (compact, loose or with cracks that are called preferential
flow paths caused for instance by earthworms or rodents).

HOW ACCURATE IS THE MEASUREMENT OF INFILTRATION?

One problem about measuring the infiltration rate can be lateral flow, which means the water
spreads to the sides instead of downwards. This phenomenon will be explained when we do
the EXPERIMENT. Because soil structure may vary strongly in space, the measurement of
infiltration may be very different even in close proximities.

Demonstrations

» Show the picture of the soil profile to explain the pathway of infiltrated water. Hand
out the self-made infiltrometer (or the laminated picture) when talking about the
measurement principle.
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Double-ring infiltrometer, self-made with two PVC pipes to avoid lateral flow. Measurements
are made in the central ring.

Organic

Topsoil

Zone of Leaching

Parent Material

Bedrock

Generic soil profile
Source: FAO Soils Challenge Badge, YUNGA 2014
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EXPERIMENT: Infiltration test

Objective

The test will demonstrate how much and how fast rainwater gets infiltrated into soil after
a precipitation event. Students try to reach a state of saturation to explain the concept of
surface (infiltration excess) runoff and to compare the ability of different soils to soak
water.

MATERIAL

] 2 PVC pipes (from the plumber in diameters of 90 mm /
3.5 inches and 170 mm / 6 inches, cut to rings with 200
mm / 8 inches height)

Hammer or a stone

Ruler

Timer or stopwatch

Paper and pencil

Optional: knife or trowel to make a soil profile

0 R IO O O

Materials for infiltration test
INSTRUCTIONS
Step 1: Select a location on the school grounds that is close to natural conditions. This means
not on a path, a playground, or another place with compressed soil. Place the two cylinders
concentrically on the ground. Use a hammer or stone to drive them into the soil down to a
depth of approximately 5 cm. Fix a ruler at the inner side of the inner ring. The zero mark
should be level with the soil surface.

Installed infiltrometer Diameters of the double rings
including ruler
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Step 2: Prepare two versions of data records (one for each location, bare land and vegetated
area), according to the example below, to write down the elapsed time and water level during
the experiment. Already insert the times at which you plan to take the measurements. The
suggested time steps increase after one minute and 10 minutes because we expect that the
water will be soaked very fast in the beginning and after some minutes the rate will slow down.

Example of a data record
Time Time Water level
[seconds] [minutes] [mm]

0 0
15 0.25
30 0.5
45 0.75
60 1

120 1.5

150 2

180 2.5

600 10

660 11

1200 20

Step 3: Gather around the infiltrometer and give the studens all necessary explanations and
instructions before starting the experiment.

—Explain to the students the further procedure of the experiment and the purpose of the
double-ring infiltrometer:

“In the following, we will pour water in both rings, simulating heavy rainfall, and then observe,
how quickly that water enters the ground. The purpose is to find out the vertical, downward
speed of the infiltrated water. However, in this experimental setup water is likely to not only
choose the straight way down but rather try to escape to the sides, this is called lateral flow.
In order to avoid that, we use the double ring. While measurements are only taken in the inner
ring, filling and draining of the outer one has the purpose to eliminate the “lateral flow” effect
and make the result of the infiltration test more realistic, as if it would rain on the complete

surface not just on one small area.”
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—>To conduct the experiment, you need to assign at least 5 students to do the following tasks:

e 1 student is the water pourer, ready with one full bucket of water. He / She will at once
pour the water into the inner and outer ring at the beginning of the experiment.

e 1studentisthe time keeper, he / she holds a watch or timer and announces the time steps
listed in the prepared data record (or values in between if it seems useful).

e 1 student is the measurer, who reads the water level from the ruler in the inner ring and
announces it clearly and loudly.

e 2 students are the data recorders, they have a pencil and fill in the prepared data record,
by writing the read out water level next to the announced time step.

- Get ready because the beginning of the experiment will go quick.

Step 4: Now, we start the experiment.

e The water pourer with the bucket quickly pours water into both the infiltrometer
rings.Depending on the soil type, the water may be filled to roughly half of the cylinder or
all the way to the top. At the same time, the time keeper announces the start of the
experiment and starts the timer. The measurer student takes the first reading and says it
out loud so that the two data-loggers can write down the initial water level at time =0
seconds.

e When the time keeper announces the second time step, i.e. time = 15 seconds, the
measurer reads and announces again the (reduced) water level, and the two data-loggers
take note.

e Continue accordingly for each time step. During the first 10 minutes, the infiltrometer
should never run dry. Hence, when the water is about to vanish, do the follwing: record
the next time step and water level, then pour in more water, immediately read and write
down the time and the water level and then continue in regular steps as before. You might
have to refill water several times, especially when the soil was dry before or when it is
sandy or has some preferential flow paths, so make sure to have enough water ready (min
1 full bucket).

Step 5: The experiment can be stopped when you reach a constant infiltration rate. That
means that you observe the change of water level over a certain time interval (e.g. 1 minute)
is similar for at least 5 times. It is therefore suggested to run the experiment for at least 15
minutes.

—>Having completed the experiment, carefully remove the ruler and the rings from the
ground, clean them from dirt.

- Use a knife or a trowel to cut out a soil profile.

Can you see and measure how deep the water entered into the ground? Is the saturated
layer clearly visible from the dry soil below?

Step 6: If you did the test on bare ground, now move to a vegetated spot (grass or forest site)
or the other way round. Fill up the buckets again. Assign new students for the tasks. Conduct
the experiment a second time at the new site by following Steps 1 to 5. Note: if you found
parts of the setup, organisation or measurement intervals inconvenient during the first run,
feel free to adjust and improve them according to your personal experiences.
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DATA EXPLORATION: Derivation of the infiltration rate

Summary

To immediately evaluate the infiltration test, we convert the water level and time
measurements to infiltration rates and plot those over time. The result will tell us, how
fast water could potentially infiltrate into the soil of our schoolyard during a rainfall event.

MATERIAL

Optional: laptop and computer projector

Optional: file “Session5_INFILTRATION_Presentation.pdf” or printouts
Whiteboard and marker (or blackboard and chalk)

Calculator

Pen and graph paper

Ruler

N I B Ry

INSTRUCTIONS

Step 1: Gather the class in the classroom and pose some questions to reflect on the
experiment:

What happened during the experiment?

Was it interesting and boring, and why?

Who had the hardest job: the water pourer, the time keeper,the measurer or the data
loggers?

Did you notice differences between the two runs at different sites?

Step 2: If you condicted the experiment at two different sites, split the class in two groups
and have each group working on one of the sites. You will demonstrate the computation and
writing for e.g. the first site in front.

- Copy the data log to the board, but all three more columns as shown in the example table
(columns 2, 4 and 5). Have the students help you to compute and fill in the values according
to to the instructions below. Stay aware that every time you had to fill up the water during
the experiment you now “lose” one record, because you cannot compute the difference in
water level.

e Elapsed time [min] computed as the difference between two subsequent time steps, start
in the second row. For example:
0.25 min — O min = 0.25 min

- Be aware that the time steps become bigger towards the end of the experiment.

e Change of water level [mm] computed similar to the elapsed time, as difference between
two subsequent records. This time subtract the water level of the second time step from
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that of the first, then the third from the second and so on until the end of the record. For
example:

Change of water level (Time = 0.25)
= Water level (Time = 0) — Water level (Time = 0.25)

e Infiltration rate [mm/min] is calculated as the fraction of change of water level [mm] and

the elapsed time [min]. The first row is again kept empty. Following an example for the
second row:

Change of water level (Time = 0.25)
Elapsed time (Time = 0.25)

= Infiltration rate (Time = 0.25)

->When the table is completed look at the values.

Do they make sense, or did you have measurement errors? Compare the data records from
the two data loggers to eliminate mistakes.

Example of a data table

Time [ Elapsed time | Water level | Change of water level | Infiltration rate
[min] [min] [mm] [mm] [mm/min]

0
0.25
0.5
0.75
1
1.5
2
2.5

10
11

20

Step 3: Now we make a plot of the infiltration rates with time. The columns that we plot are
infiltration rate [mm/min] and time [min]; they are marked with a bold frame in the example
of a data table above. Use the example provided below to draw an empty scatter plot on the
board and adjust the axes according to your measurements. The x-axis length corresponds to
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the last recorded time [min]. The y-axis should capture the maximum and minimum computed
infiltration rate [mm/min]. Select an appropriate resolution.

—>Now insert all your data points with the Time [min] as x-coordinate and the Infiltration rate
[mm/min] as y-coordinate.

—>Add the data of the second experiment site.

Example for a scatter plot
WFilEtotion Rakte
& [ram/mina]
e

] W |
Ly
P

o & 1 lv 2

- Analyze the plot:

What do you observe?

Focus on infiltration rates at the start and at the end of the EXPERIMENT, how do they
compare?

Ask one student to draw a Line of Best Fit through the measurement points. You should
obtain a so-called “infiltration” curve with exponential decrease of infiltration rate
during the first minutes and then stabilization to a constant infiltration rate towards the
later times.

Can you draw a line of constant infiltration rate to which the curve seems to converge?
This would be the infiltration rate under saturated conditions commonly used for
engineering or agricultural applications. This rate is called the field-saturated hydraulic
conductivity of a soil.

What are similarities and differences between the curves for the two different
experiment sites?

Imagine a rainfall event. How much of the precipitated water would infiltrate in the
ground, according to our graph. Where would the water go? Is there runoff formation
from surplus water that cannot infiltrate?
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ACTION: Spatial planning role-play

Look at the maps of Accra and Kumasi and how the cities have grown in 10 years. Those
pictures were obtained from satellite. The white colour represents the size of the cities in
2010, when they were still surrounded by agriculture. In 2010, the outskirts of the towns have
changed from agricultural to built-up land i.e. residential or industrial areas.

| Built in 2000
B Non-Built/ No Change

B Water

B Agriculture to Built

| Natural Vegetation to Built

0 50 100 200
. Shon Accra

Maps of land use change from agricultural to built-up land at Kumasi and Accra. Inter-

regional pattern of urbanization in southern Ghana in the first decade of the new millennium
Source: Douglas A. Stow et al, 2016. Applied Geography

What we see here is “sealing” that means permanent paving and covering of soil with urban
infrastructure such as roads and buildings. It happens when rural, undeveloped land is lost
because of urban sprawl, industrial development or the construction of transport
infrastructure. Sealing normally involves the removal of topsoil layers, which results in the loss
of important soil functions, such as nutrient production, water storage or temperature
regulation. Sealing not only destroys productive, agricultural land, but also removes the
habitat of a wide variety of organisms. Additionally, it increases the risk of flooding by
increasing the amount of water that runs over the land as surface runoff because the ground
has become unable to infiltrate water.
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What can you do?

You will find out yourself this time by slipping in the different roles of the spatial planning
role-play.

Split into groups. Each group is assigned one of the profession character cards charted
below. Read them out in your group. The character cards are also included in the
Session5_INFILTRATION_Presentation.pdf file and in the Student Worksheets. From the
point of view of your character, make up a position:

The cards give some directions, but use you own words and thoughts to create a statement
out of the answers to those questions. After 10 minutes, present to the class. After each
group has spoken, assess who was most convincing, which is the most powerful profession
/ character to step into action and prevent negative effects of urbanization and soil
sealing. Which job would you be good at, personally?

Assess the biggest problems connected to urbanization.

Does urbanization have advantages as well?

Which are the consequences of soil sealing that you feel most concerned about?
What would you do to fight those negative effects and how would you do it?

Can you also combat the causes?
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JOURNALIST

> You can make the topic public by telling other
people the real situation.

> You can put pressure on governments and
scientists.

> You can draw attention to special
communities where support and assistance is
most urgent.

However: The newspaper might not be

interested in printing your story and people

might ignore what you write.

LANDS COMISSION

> You have the function to manage public land
and map current and future land use.

> You can make recommendations to the
government for land development strategies.

> You can promote public awareness and
impose fees.

However: It is not sure whether your plans will
be realized and illegal settlements might not be
manageable.

BUSINESS LEADERS

> You have power to make changes by trading
goods or services that reduce negative
impact of soil sealing.

> You can reach a large amount of people
through advertising and sales.

> You influence your business competitors.

However: You have to try to increase your profit

for your shareholders or else you will lose your

job.

YOUNG PEOPLE AND COMMUNITIES

> You can change your own way of housing and
influence the people around you.

> You can raise money and start a community
action to create green space, construct water
harvesting systems or clean drainage gutters.

However: All that requires motivation, time and
commitment and not everyone from the
neighborhood might be interested.

SCIENTIST or ENGINEER

> You can adapt new methods to manage
storm water, waste or heat in urban
settlements.

> You can conduct analysis to identify areas of
high risk or also high compensation potential.

> You can make future predictions of problems
due to urbanization.

However: You rely on funding from governments
and businesses, so you are restricted to what
they ask you to do. Often your developments
take years and need to be tested before
implementation.

POLITICIANS

> You are empowered to make decisions and
launch policies that limit the extents of
urbanization and sealing.

> You can initiate new ways of designing
residential areas and monitoring the
construction.

> You can financially support businesses and
scientists for research and product
development.

However: You want to stay in power and not

become unpopular before the next elections

come up. There might be a lack of citizen support

for bold decisions.

CHARITY WORKERS

> You are in the position to mediate between
politicians and local communities and make
necessary connections to businesses.

» Often you might only step in to fight the
symptoms of a problem, like malaria
breeding or flooding in town districts.

> You could also support preventive measures
before disasters happen.

However: There are many other problems you

are already dealing with, your money and staff is

very limited, and funding might stop any
moment.

SCHOOLS and TEACHERS

Think of the roles and responsibilities that you
would have in this situation.
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EROSION &
Biodiversity

Purpose
e Students investigate how biodiversity is essential for human life on earth and what
are issues in times of climate change.
e Students understand the process of soil erosion
e Students plant a tree

Overview
e Topic: Biodiversity
e Variable: Erosion
e Experiment: Soil erosion demonstrations
e Action: Plant a tree

Time
e 90-120 min (two class periods)

Material

“Session6_EROSION_Presentation.pdf”

e Computer and projector/beamer (or laminated printouts of figures)
e 3 plastic bottles (1.5 L)

e Small shovel or trowel

e Scissors
e Soils
e Board

e Cup and water




TOPIC: Biodiversity

Agricultural biodiversity is the variety of animals, plants and microorganisms in an agro-
ecosystem. When biodiversity is sustained, the agro-ecosystem can provide services and
benefits necessary for healthy plant, animal and human life on earth.

Soils are the building blocks of agro-ecosystem and essential for plant growth as well as for
crop, forest and livestock production.

e Soils provide nutrients and water for plants to absorb through their roots.

e Soils are necessary to maintain the water cycle.

e They help to regulate gases in the atmosphere, e.g. through carbon sequestration (= the
natural process of removing carbon from the atmosphere and storing it).

e Soil biodiversity supports prevention of pests and diseases. Microorganisms (bacteria) in
the soil break down waste materials such as manure, remains of plants, fertilizers, and
pesticides, which prevents them from building up to toxic levels, entering water supplies
and becoming pollutants.

Agricultural biodiversity is shaped by human activities and management practices. Many
people depend on agricultural biodiversity. It provides us with:

e food

e raw materials for goods (such as cotton for clothing, wood for shelter and fuel, plants and
roots for medicines)

e incomes and livelihoods.

Agricultural biodiversity provides species with the ability to adapt to a changing environment
and evolve, by increasing their tolerance to frost, high temperature, drought and
waterlogging, as well as their resistance to particular diseases, pests and parasites for
example. This is particularly important regarding climate change.

How do organic farmers benefit from biodiversity?

Biodiversity fights pests, improves soils and increases food security. gﬂm

How do organic farmers benefit from biodiversity (Source: Export Promotion of Organic Products
from Africa (EPOPA) http://www.grolink.se/epopa/images/biodiversity-7b-eng.jpg)
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VARIABLE: Erosion

WHAT IS EROSION?

Erosion is the process of detachment and transport (resulting in loss) of soil or rock material
from the upper layer of the land surface soil, from riverbeds or from coasts. Soil erosion has a
negative impact on soil biodiversity and therefore on agricultural productivity, on soil physical
stability, and on soil water holding capacity. Coastal erosion is related to the deposition and
removal of sediment, occurring via coastal drift and river discharge. Raising sea levels and
extreme precipitation trigger coastal erosion.

WHAT IS THE UNIT OF EROSION AND HOW CAN IT BE MEASURED?

It is possible to measure an erosion rate for a given location (field, slope, etc.), for example
defined as eroded soil mass over the period of one year [kg/year]. For a measurement of how
much soil was eroded from a plain surface like a field or a street, a simple method is to place
a stick/pin in the ground and mark the surface level. After a certain time, e.g. one year, the
difference between the mark and the new surface level reads as eroded soil depth. This
eroded soil depth can be converted to a volume by multiplying it by the respective eroded
area, and further to a mass using a known soil density.

WHAT DOES EROSION DEPEND ON?

Surface erosion is mainly driven by wind, rain, and runoff. Additionally, surface erosion is more
probable to occur on steep slopes because of gravity, on areas where vegetation is depleted
(e.g. after slash and burn practices) and wind or water can therefore directly erode the ground,
and after earthworks for housing or infrastructure because the material is loose. That means
both human factors (land use) and climatic factors (high-intensity rainfall, drought, wind
exposure) are contributing to increased erosion.

HOW ACCURATE IS THE MEASUREMENT OF SOIL EROSION?

With the described measurement method, it is difficult to cover large areas because the
results can be variable from space to space. Furthermore, soil erosion can be a slow process.
We therefore have to take measurements over a long period of time, which is difficult.

Demonstrations

> Show the picture of the erosion pin principle and the installed erosion pins, to explain
how a measurement works.

> The historic hazard map and the photograph of channel erosion in Accra should be a
support to distinguish different causes of erosion.
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EXPERIMENT: Soil erosion demonstration

Objective

Make the process of soil erosion visible. By comparing soils of different types or with
different covers, students understand that erosion and nutrient loss increase the more the
soil is exposed. The role of terrain slope is also examined.

MATERIAL

3 plastic bottles (1.5 L)

Scissors or knife

A flat surface e.g. a board to which you attach the plastic bottles
A tape or a rope to attach the plastic bottles

A shovel or a trowel

3 different soils, dug out with the shovel/trowel in the size of one bottle:
o bare soil

o soil with leaves, twigs and other ground cover

o vegetated soil

1 3 small plastic bottles or transparent cups/glasses

[J acupand asmall bucket of water

N I O B R O

INSTRUCTIONS

Step 1: Cut a large window in one side of each of the three plastic bottles using scissors or a
knife. The spout of the bottle remains attached but remove the lid. Fix all bottles to the flat
surface with tape, so that they do not move. If you do not have transparent cups or glasses,
cut the top off three small plastic bottles and use those instead. See below for a figure
demonstrating the experiment.

Step 2: Go outside and use a small shovel or a trowel to dig out three differently covered soils
in the size of the plastic bottle. The first one is bare soil, the second one is bare soil that might
contain young established grass seeds and leaves, twigs or other ground cover, and the third
one is vegetated soil. Fill each of the cut bottles with a different soil up to just below the
spout.

Step 3: Have one student slowly sprinkle one cup of water across the soil in the first bottle. A
second student holds the cup or glass below the opening of the first big plastic bottle, e.g. the
one containing bare soil, and captures the outflow. If there is no water flowing from the spout
after short time, add another half or complete cup of water.
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Experimental setup with tree bottles containing soils with different cover.
Source: https://www.pinterest.ch/pin/81768549461502000/

Step 4: Repeat Step 3 for the other two bottles, e.g. the ones with covered and vegetated soil.
Always pour the same amount of water and capture the outflow in the two residual cups or
glasses.

->Discuss:
What is the difference between the runoff from the three bottles and why?
What does this mean for rainfall-induced soil erosion?

Make a statement on the amount of nutrient loss.

Step 5: Lift up one side of the board on which the bottles are attached and repeat Step 3 on
steep terrain.

Step 6: After the experiment take a walk around the area and spot signs of erosion.
- Analyze:
What is the spatial extent of erosion?

What are reasons for occurrence of erosion? Which type of erosion are we dealing with
(e.g. rain, runoff, or wind erosion)?

What could be solutions to soil erosion in your area?
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ACTION: Plant a tree

An effective way of solving many problems that come about with soil degradation, such as soil
erosion, is planting of trees.

e Firstly, with the cover of trees, the soil is not directly exposed to weather like intensive
rain or direct wind.

e Secondly, because of the tree roots the soil has more capacity to infiltrate water instead
of causing direct runoff.

e Thirdly, nutrients and organisms that come with a tree establishment produce soil organic
matter called SOM and will over time regenerate biodiversity.

What can you do?

» Check out the AYCEO guidelines on how to plant a tree. https://s25924.pcdn.co/wp-
content/uploads/2017/11/AYCEOs climate-change take-action-now EN-1.pdf

> Find support from other NGOs or governmental institutions in your area, e.g. the
Forestry Commission Ghana https://www.fcghana.org/ or the Environmental
Protection Agency http://www.epa.gov.gh. This Ghanaian NGO
https://www.arocha.org/en/ is also involved in a lot of tree planting.

WHICH TREE TO PLANT?

Trees that are adapted to the local climate and soil conditions, preferably trees that have been
growing and thriving in your region for a very long time. Think about what you want the tree
to provide: erosion prevention? shade? fruit? fuel wood? beauty? The Moringa tree, for
example, grows throughout the tropics and sub-tropics and can serve several purposes: its
leaves are very nutritious and can feed both people and livestock, leaves can also be used for
water purification, and the seeds provide oil for cooking or fuel. Get advice from someone
with local knowledge about trees. Do not plant invasive trees —that is trees that are not from
your area.

WHEN TO PLANT?

The best time to plant a tree in the tropics and sub-tropics is during the rainy season or the
dormant season.

WHERE TO PLANT?

This will depend, in part, on the type of tree you plant and how you want to use the tree. In
general, the best soils are loose and moist but never completely wet. If possible, young
seedlings should be protected from livestock, strong winds and the blazing sun, though they
should not be planted in complete shade. Consider planting near a water source to make it
easier for you to water your tree.

HOW TO PLANT?

Trees can be planted as either seeds, cuttings (not for all tree types), seedlings, or saplings.
Saplings are the strongest and therefore most likely to survive.
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http://waterconsortium.ch/wp-content/uploads/2018/08/Blue_Schools_Catalogue_of_Practical_Exercises_EN_24_08_18.pdf
https://sealevel.jpl.nasa.gov/files/archive/activities/ts1hiac1.pdf
https://www.globe.gov/documents/348614/d2cb0054-5c7b-4d83-809e-7f2546f97665
https://www.globe.gov/documents/348614/353086/Rainfall+in+the+GLOBE+Africa+Region-+A+GLOBE+Data+Exploration/b83804af-0ec1-48bb-bfc6-070fc6303614
https://www.globe.gov/documents/348614/353086/Rainfall+in+the+GLOBE+Africa+Region-+A+GLOBE+Data+Exploration/b83804af-0ec1-48bb-bfc6-070fc6303614
http://eaststemcell.com/files/storage.cloud.php?id=MDE5OTI5Njg0Nw
https://www.globe.gov/documents/348614/353086/Making+a+Climograph-+A+GLOBE+Data+Exploration/ed39aa75-0494-4db2-bfc1-35aaecf6435d
https://www.globe.gov/documents/348614/353086/Making+a+Climograph-+A+GLOBE+Data+Exploration/ed39aa75-0494-4db2-bfc1-35aaecf6435d

Education Services Australia (2013): “Climate graphs”
https://www.geogspace.edu.au/verve/ resources/2.3.2.2 2 climate graphs.pdf
ACTION: False monsoon starts & actionable information

TAHMO Projects: “The West African Monsoon: false starts and actionable information
(TWAMFSAI)” https://tahmo.org/projects/

Gardja article by Prince Appiah (2016): "Effects of climate change on farming: the story of
2 farmers in Ashanti Region" https://www.gardja.org/effects-climate-change-farming-
story-2-farmers-ar/

Session 3: EVAPORATION & the Water Cycle

TOPIC: The water cycle

Swiss Water & Sanitation Consortium (2018): “Blue Schools — Linking WASH in schools
with environmental education and practice” Catalogue of Practical Exercises pg. 10
http://waterconsortium.ch/wp-

content/uploads/2018/08/Blue Schools Catalogue of Practical Exercises EN 24 08 1
8.pdf

VARIABLE: Evaporation

Haseeb Jamal (2017): “Methods of Measurement of Evaporation”
https://www.aboutcivil.org/measurement-of-evaporation.html

DATA EXPLORATION: Rain and evaporation gauge

Martin R. Hendriks (2010): “Introduction to Physical Hydrology”, Section 2.4: Making a
Low Budget Rain Gauge pg. 58-65 Calculations Experiment
http://eaststemcell.com/files/storage.cloud.php?id=MDE50TI5NjgONw

ACTIVITY: Watershed and water balance
https://www.shutterstock.com/search/water+cycle

ACTION: Rainwater harvesting

Worm Janette, van Hattum Tim, “Rainwater harvesting for domestic use”
http://www.journeytoforever.org/farm library/AD43.pdf

Andoh et al. (2018): “Status of Rainwater Harvesting (RWH) in Ghana”, Curr. World, Env.,
Vol. 13(1) 172-179 http://www.cwejournal.org/pdf/vol13nol/Voll3 Nol p 172-179.pdf

Session 4: RELATIVE HUMIDITY & Climate Extremes

TOPIC: Climate extremes: floods and droughts

United Nations Development Program (UNDP) Ghana (2016): “Disaster Risk

Management: A Short Course for Practitioners in Ghana”

https://www.undp.org/content/dam/ghana/docs/Doc/Susdev/DRM%20Training%20Man

ual pdf.pdf

United Nations Children’s Fund (UNICEF) (2015): “Unless we act now — The impact of

climate change on children”, Chapters 2 and 3

https://www.unicef.org/publications/files/Unless we act now The impact of climate
change on children.pdf

VARIABLE: Relative humidity

GLOBE Schweiz, Vincent Luyet, Juliette Vogel (2013): “Klima, Wetter und Atmosphare - 2

Handbuch fir den Unterricht”
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https://www.geogspace.edu.au/verve/_resources/2.3.2.2_2_climate_graphs.pdf
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https://mail.ethz.ch/owa/redir.aspx?C=OvChuhU8hTDAbW2hYXXUvuKMS3HIOI6HhCykMn9bBbD6Oppv7xTXCA..&URL=https%3a%2f%2fwww.gardja.org%2feffects-climate-change-farming-story-2-farmers-ar%2f
http://waterconsortium.ch/wp-content/uploads/2018/08/Blue_Schools_Catalogue_of_Practical_Exercises_EN_24_08_18.pdf
http://waterconsortium.ch/wp-content/uploads/2018/08/Blue_Schools_Catalogue_of_Practical_Exercises_EN_24_08_18.pdf
http://waterconsortium.ch/wp-content/uploads/2018/08/Blue_Schools_Catalogue_of_Practical_Exercises_EN_24_08_18.pdf
https://www.aboutcivil.org/measurement-of-evaporation.html
http://eaststemcell.com/files/storage.cloud.php?id=MDE5OTI5Njg0Nw
https://www.shutterstock.com/search/water+cycle
http://www.journeytoforever.org/farm_library/AD43.pdf
http://www.cwejournal.org/pdf/vol13no1/Vol13_No1_p_172-179.pdf
https://www.undp.org/content/dam/ghana/docs/Doc/Susdev/DRM%20Training%20Manual_pdf.pdf
https://www.undp.org/content/dam/ghana/docs/Doc/Susdev/DRM%20Training%20Manual_pdf.pdf
https://www.unicef.org/publications/files/Unless_we_act_now_The_impact_of_climate_change_on_children.pdf
https://www.unicef.org/publications/files/Unless_we_act_now_The_impact_of_climate_change_on_children.pdf

EXPERIMENT: Foam water model

Integrated Teaching and Learning Program, College of Engineering, University of
Colorado Boulder (2014): “Hands-on Activity: Dripping Wat or Dry as a Bone”
https://www.teachengineering.org/activities/view/cub air lesson04 activity3
DATA EXPLORATION: Humidity vs. temperature

TAHMO: “Temperature vs Relative Humidity: Teacher Guide”
https://school2school.net/wp-content/uploads/2017/11/Temp-vs-RH.pdf
ACTION: Hazard calendar

Food and Agriculture Organization (FAO) of the United Nations (2015): “Climate Change:
Junior Farmer Field and Life School - Facilitators Guide”, pg. 12-14
http://www.fao.org/3/a-i4320e.pdf

Session 5: INFILTRATION & Land Use Change

TOPIC: Land use change

De Sherbinin Alex (2002): “A CIESIN Thematic Guide to Land-Use and Land-Cover Change
(LUCC)” https://sedac.ciesin.columbia.edu/binaries/web/sedac/thematic-
guides/ciesin _lucc tg.pdf

VARIABLE: Infiltration

FAO: “Annex 2 Infiltration rate and infiltration test”
http://www.fao.org/3/S8684E/s8684e0a.htm

ACTION: Spatial planning role-play

UNICEF (2015): “Heat up over climate change — Exploring climate change and its effects
on the world’s children. A peer education and action pack.” pg. 10-11
https://www.unicef.ca/sites/default/files/legacy/imce uploads/UTILITY%20NAV/TEACHE
RS/DOCS/GC/Heat up over climate change.pdf

Session 6: EROSION & Biodiversity

TOPIC: Biodiversity

Food and Agriculture Organization of the United Nations, YUNGA Learning and Action
Series (2015): “Soils Challenge Badge” http://www.fao.org/3/a-i3855e.pdf
VARIABLE: Erosion

WWEF: “Soil Erosion and Degradation — Overview”
https://www.worldwildlife.org/threats/soil-erosion-and-degradation

ACTION: Plant a tree

UNICEF (2015): “Climate Change Take Action Now” pg. 73
https://www.unicef.org/environment/files/AYCEOs climate-change take-action-

now EN.pdf
Project Learning Tree: “Stem: Plant a Tree” https://www.plt.org/stem-strategies/plant-a-

tree/
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http://www.fao.org/3/a-i4320e.pdf
https://sedac.ciesin.columbia.edu/binaries/web/sedac/thematic-guides/ciesin_lucc_tg.pdf
https://sedac.ciesin.columbia.edu/binaries/web/sedac/thematic-guides/ciesin_lucc_tg.pdf
http://www.fao.org/3/S8684E/s8684e0a.htm
https://www.unicef.ca/sites/default/files/legacy/imce_uploads/UTILITY%20NAV/TEACHERS/DOCS/GC/Heat_up_over_climate_change.pdf
https://www.unicef.ca/sites/default/files/legacy/imce_uploads/UTILITY%20NAV/TEACHERS/DOCS/GC/Heat_up_over_climate_change.pdf
http://www.fao.org/3/a-i3855e.pdf
https://www.worldwildlife.org/threats/soil-erosion-and-degradation
https://www.unicef.org/environment/files/AYCEOs_climate-change_take-action-now_EN.pdf
https://www.unicef.org/environment/files/AYCEOs_climate-change_take-action-now_EN.pdf
https://www.plt.org/stem-strategies/plant-a-tree/
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APPENDIX 1: How to download
TAHMO data

1. How to request your login credentials before downloading your own school’s station data
for the first time.

Send an e-Mail to s2s@tahmo.org containing your Name, your Schools Name and Country,
and the request to get access to your stations data via online download. The e-mail recipient
will answer you by providing a Username and Password, which you can then use to log onto
your personal domain on the school2school website.

(This procedure is also described on the school2school website when you scroll down below
the table of Teaching Materials. https://school2school.net/%20teaching-materials/)

2. How to download your own school’s station data

After you have received your login credentials, go to the school2school Website ,,Stations”
Tab https://school2school.net/stations/ and enter Username and Password in the respective
fields below the data display.

Ghana TA00312

£ ' 2019-01-25 07:00:00
XK ' . & "% )//

Abrha we Atsbha

Ethiopia TA00464
2018-05-10 06:00:00

Relative Humidity

Zoom 1lm 3m 6m YTD 1y All From @ 2018-10-30 To | 2019-01-30

U fm [\ ” H.“’ |

12. Nov 26. Nov 10. Dec 24. Dec 7.)an 21. Jan

Accra Academy School,
Accra

Ghana TA00016
100 % 2019-01-25 14:00:00

Accra Girls SHS
Ghana TA00567
2019-01-25 13:00:00

Aupiwng aane3y

Adams Elementary
School

United States of America

TAD0055

2018-12-22 05:00:00
20%
= Adehyeman SHS Amasu
Ghana TA00009

® 1 ) 2019-01-19 12:00:00

— Recorded Relative Humidity Agri Impact
Predicted Relative Humidit
redicte elative Humidity Ghana TA00391

Credits: Predictions by: OpenWeatherMap 2019-01-25 13:00:00

Agron Ul, Ibadan
Nigeria TA00524
Username: 2019-01-25 14:00:00

Password Aii
H-vu

m Uganda TA00512

2019-01-25 12:00:00

You have now entered your personal domain and are able to click on a blue button with your

station’s name to download it. For example: s (TA00276) per hour

80


https://school2school.net/%20teaching-materials/
https://school2school.net/stations/

An EXCEL file with a time series of all measured climate variables for your station, at an hourly
resolution, will be saved to your computer.

3. How to download another school’s station data

There is example data for about 11 stations all across the world freely available for download,
one of them in Ghana (Benso, Western Region). To obtain these data, log onto the website
under the “Stations” Tab https://school2school.net/stations/, but enter “guest” as both
Username and Password instead of your personal information. This procedure is also
described here: https://school2school.net/teaching-materials/.

Username guest

Password: | eessd|

You then have the option to download data for a station in any of the countries listed below.
The exact location can be looked up by typing the station’s number TAOXXX into the search
field under the “Stations” Tab https://school2school.net/stations/.

TAQ0002 Ghana
TAQ0033 Uganda
TAQO0S5 USA
TAOD057 Kenya
TAOOOTS5 Rwanda
TAQOOT2 Mali
TAQ0081 Belgium
TAQOO88 Chad
TAQO144 Benin
TADO167 Burkina Faso
TAO0195 Ethiopia

5. Plotting TAHMO data in Excel

The school 2 school website (https://school2school.net/teaching-materials/) contains several
lesson plans that describe how to plot your data in Excel. See for example the following:

e Temperature vs Relative Humidity: Teacher Guide - https://school2school.net/wp-
content/uploads/2017/11/Temp-vs-RH.pdf

e Diurnal variation of solar radiation: Teacher Guide - https://school2school.net/wp-
content/uploads/2017/11/SRdiurnal.pdf

e Data Statistics: Teacher Guide - https://school2school.net/wp-
content/uploads/2017/11/data-statistics.pdf
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APPENDIX 2: List of materials

‘ Material per teacher:

N
[]

[]

Printed version of “Teaching Material”

Presentation files for each session (if laptop and projector/beamer are available) or
laminated printouts of figures and plots
Calculator

Laboratory equipment for demonstration (if available):

[]
N
N

Thermometer (digital or analog)
Pluviometers
Hygrometer or psychrometer

Material per student:

[
[
[]
[

Printed version of “Student Worksheets”
Calculator

Pen or pencil

Ruler for graph

Material per class:

[]

Ny N e N A IO

N O O O

0o

Thermometers (digital or analog) (minimum 2 thermometers)
Plastic bottles (1.5L) (minimum 6 bottles)

Plastic wrap or transparent plastic bag (1 or 1 per group of students)
Elastic band or string or tape (1 or 1 per group of students)

Scissors or knife (1 or 1 per group of students)

Measurement cylinder (i.e. with 2700mL marks)

Bucket with water

Permanent marker

Poster-sized paper or fabric in bright colour

Colour or paint to draw on the paper or fabric

Pins, nails or tape (approx. 6-10)

Paper (approx. 3 A4 sheets)

Piece of foam (1 per group of students)

Cup of water (1 per group of students)

Plate & spoon (1 per group of students)

2 PVC pipes (from the plumber in diameters of 90mm/3.5 inches and 170mm/6inches, cut
to rings with 200mm/8inches height)

Hammer or stone

Ruler (min 20cm)

Timer or stopwatch (1 per group of students)

Tape or rope

Shovel or trowel

3 different soil samples (bare soil, soil with leaves, twigs and other ground cover,
vegetated soil) — enough from each type to fill a 1.5L water bottle
Small plastic bottles or transparent cups/glasses

Optional: tape or paper clips
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