RELATIVE HUMIDITY SAS:}SD

& Climate Extremes

OVERVIEW:
- ~ SESSION
* Topic: Climate extremes: floods and droughts NUMBER
* Variable: Relative humidity
* Experiment: Foam saturation model 4
* Data Exploration: Humidity vs. temperature regional effects
* Action: Hazard calendar and map

- J
PURPOSE:

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

SCHEDULE:
* Class 1: Topic & Variable (60 mins)
* Class 2: Experiment (60 mins)
* Class 3: Data exploration & Action (60 mins)
MATERIAL
4 )

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

* Pieces of foam \
* Spoon and plate

* Calculator \
* Paper and pencil




RELATIVE HUMIDITY SAS:}Slav

& Climate Extremes
Class 1 — Topic & Variable | Duration: 60 Mins

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?

* 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.

* 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?

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

Risk of injuries and death by drowning

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

* Impairment of safe water supplies and probability of diarrhea outbreaks

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

Garbage wave in Coastal flood zones Storm front at Labadi beach
Accra during the delta region
2015 flood

Image  Left: https.//www.ladunliadinews.com/2015/06/more-heart-breaking-photos-from-ghanas.htm!
Sources: 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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DROUGHT

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?

* Delayed or insufficient rain (shifting monsoon winds)

* Enhanced evaporation and greenhouse effect (increasing average global temperature)
* Deforestation (forests generally retain water in the landscape)

WHAT ARE THE EFFECTS OF A DROUGHT?

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

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

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

Maize crop failure Yaya Reserve forest fire Desertification

Image  Left: http://www.ghanalive.tv/2017/07/14/gawu-ghana-suffer-major-food-crisis-end-year/
Sources: 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 (r,,) is
derived from vapor pressure measurements. It expresses the ratio between the actual amount
of water vapor in the air (e,) and the maximum capacity of air to uptake water vapor at a
particular temperature (e.,), I = €./€at.

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 e, 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, rh depends on many factors in addition to
temperature.

DEMONSTRATION:

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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Horsehair hygrometer
Source: https://etc.usf.edu/clipart/20700/20785/hairhyg_20785.htm
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EXPERIMENT: Foam saturation model

OBIJECTIVE:

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 Piéces of foam

\
U 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)

U Cup of water

U Plate

U Spoon

U Calculator

U Paper and pencil

(also known as “sponge”)

INSTRUCTIONS:

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.

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:

1. What is happening to the water, where does it go?
2. What do you think is going to happen when you continue?
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-> 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...

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

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

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

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.
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Have the students complete the table below.

-> Sketch and explain the following formula on the blackboard or project it:

Number of spoonfuls
Number of Spoonfuls for 100% Saturation

= Saturation [%]

1. 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.

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

3. 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:

4 N\
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

L extremely dry (droughts) conditions. )

MATERIAL :

4 N\
U Laptop and computer projector U Optional: your own TAHMO station’s time
U Whiteboard (or blackboard) or screen series on relative humidity and
U File temperature, plotted

“Session4_RELATIVEHUMIDITY_Presentati U Pen and graph paper
on.pdf” or printouts O Ruler
\ J
INSTRUCTIONS:

temperature data at Benso to the screen or whiteboard. Make yourself familiar with
the axes description and pay attention to the time axis.

o Project the plot of 3.5 years and 1 month of hourly relative humidity and

-> Ask students what they observe:

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

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

3. 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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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.
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Looking a.t t.his data, our Time | Temperature [°C] | Relative Humidity [%]

hypothesis is that relative

humidity is inversely 8 am 26 100

proportlonalito temperature 3 &t 78 924

because e, is proportional to

temperature. That means we 10am 31 84

suspect that as tempe.re.uture 11 am 37 73

goes up, relative humidity goes

down, and the other way 12 am 33 69

round. To prove that, we will 1 pm 34 66

plot one day of data and try to

find a correlation between the 2 pm 34 65

two variables. 3 pr 30 34
4 pm 27 95
5pm 26 917
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.
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-> 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.

1. What is the direction of the slope of the trendline? Positive ( /) or negative ( \ )?
2. What does the slope direction tell us about the relationship between Relative
Humidity and Temperature?
3. Is our hypothesis proven?
e 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:

1. What is similar to the station at Benso?

What is different at Daffiama in general and during certain time periods?

3. 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.

4. 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?

N

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

13
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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.

14
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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 | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Pest

Drought

WHAT CAN YOU DO?

1 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 for a selected list of crops from
http://www.flooddroughtmonitor.com/crop. This website also provides interesting
information like flood and drought maps, climate variable forecasts, risk prediction and
adaption strategies like climate-smart agriculture.

Z 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
NADMOQ'’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.

3 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.
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