PRECIPITATION & SAS:}SD

the West-African Monsoon

OVERVIEW:

p . ' ~N SESSION
* Topic: The West-African monsoon NUMBER

* Variable: Precipitation
* Experiment: Low budget rain and evaporation gauge 2

* Data Exploration: Monsoon seasons in Ghana
* Action: False monsoon starts and their effects on farmers

- J

PURPOSE:

*  Students track the yearly dry and rainy seasons across West Africa

*  Students set up a low budget rain gauge

*  Students understand the benefits of weather data collection for farmers struggling with
shifting monsoon rains

SCHEDULE:

* Class 1: Topic & Variable (90 mins)
* Class 2: Experiment (60 mins)
* Class 3: Data exploration & Action (90 mins)

MATERIAL

4 )
* “Session2_PRECIPITATION_Presentation.pptx”
* Computer and projector/beamer (or laminated
printouts of figures)
* Plastic bottles (1.5 L)

* Measurement cylinder
* Permanent marker \
e Scissors

* Ruler \
* Paper and pencil
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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.
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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.
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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, as
ice 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/m2]) 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.

DEMONSTRATION:

1. 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/m2] is equal to millimeter [mm]
rainfall depth.
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LOW BUDGET RAIN AND EVAPORATION GAUGE

OBJECTIVE:

s N
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.

. y,

MATERIAL (PER GROUP):
4 )
U 2 Plastic bottles (1.5 L)
U Measurement cylinder (i.e. with 100 mL marks)
U Bucket with water ,
O Ruler
U Permanent marker e
Q Scissors =
Q Paper and pencil
U Optional: tape or paper clips =
\_ J
INSTRUCTIONS:

e 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.

e 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.

e 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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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.

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:

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

v" 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 “-".*

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

RAIN GAUGE EVAPORATION GAUGE
TIPS:

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.
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Example of a data record
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Location of the gauges in the schoolyard: ..........c..oiiieieie e e

Rain gauge Evaporation gauge Weather

. Comments
water volume [mL] | water loss [mm] conditions

Day | Time

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

SUMMARY:

4 )
Monsoon rains and winds occur every year with some general characteristics in countries
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.

. J
MATERIAL :

s N

U Laptop and computer projector

U Whiteboard (or blackboard) or screen

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

U Calculator

U Optional: your own TAHMO station’s rainfall time series, pre-processed and plotted in EXCEL

\_ J

INSTRUCTIONS:

Use the projector to show the images of daily rainfall [mm] at the Navrongo and
Half Assini TAHMO stations. Ask students what they observe:

1. Where was the rainfall recorded?

2. Over which period was the rainfall recorded?

3. What was the unit of measurement?

4. Which months look like they have the most/least rainfall?
5. Can you identify the different rainy seasons?

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

1. Can you locate the rainfall pattern and is it a uni-modal or a bi-modal regime?

2. Have the different years been similar in their seasonality? Where are the
differences?

3. Where does it rain more?

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.

1. Are there data gaps? What could be the reason?

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

3. 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.

SOLUTIONS:
4 N\
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.
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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.

N W

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?

1 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.

2 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/

3 Talk to farmers in your community and find out if they are aware of and
using such insurance policies.


http://gaip-info.com/
https://esoko.com/digital-farmer-services/

