EVAPORATION & SAS:}SD

the Water Cycle

OVERVIEW:
e B | ~N SESSION
* Topic: The water cycle
* Variable: Evaporation NUMBER
* Data Exploration: Low budget rain and evaporation gauge measurements 3
* Creative Activity: Watershed and water balance poster
* Action: Rainwater harvesting

- J

PURPOSE:

*  Students review the different processes of the water cycle

*  Students are able to evaluate rain and evaporation gauge measurements

*  Students understand rainwater harvesting as a simple low-cost water collection
technique

SCHEDULE:

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

MATERIAL

4 )
* “Session3_EVAPORATION_Presentation.pdf”

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

* Calculator

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

* Paper and pencil

* Poster-size paper or fabric in bright colour \

* Colour or paint

* Pins, nails or tape \
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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 Tl 2 :
temperature increase (global warming) s g Fresiphaton

speeds up the water cycle and its processes, 1
i.e. it leads to higher rates of evaporation

Condensation @eesssseceen,

and transpiration and leads to a larger ¢

amount of water vapor in the air. “What . Vs
vaporation

goes up must come down,” therefore s e o

increased water vapor often leads to Pl
increased precipitation. Factors such as
geography and atmospheric circulation
patterns determine where the water

eventually precipitates. The water cycle and its processes
Source: https://www.bbc.com/bitesize/clips/z8qtfg8

Throughfiow Percolation

A “faster” water cycle has two different effects: on the one hand increased drought, and on
the other hand increased precipitation 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. 2
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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 [m2] 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/m2], 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.

DEMONSTRATION:

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 :
e N
U Laptop and computer projector
U Whiteboard (or blackboard) or screen
U File “Session3_EVAPORATION_Presentation.pdf”

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

U Pen, paper and graph paper
\. y,

INSTRUCTIONS:

o This week we evaluate and plot the data 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 last reading (day 7) of their rain and
evaporation gauges, if not yet done, and collect the empty bottles. Back in the
classroom, every group needs their data record ready.

Rain gauge Evaporation gauge

Dy L water vofume [mL] wapter loss [gmm]
1
2
3
4
5
6
7

Data record from the low-budget rain and evaporation gauge.
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-> Quickly reflect on your measurements:

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

2. 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?

3. Is the order of magnitude realistic? Do you find mistakes?

e We start by calculating the amount of rainfall [mm] for each day. Therefore, we
need to:

v' Measure the diameter of the rain gauge bottle [cm].

v' Compute the area 4 [cm?] of the rain gauge, where A = rtr? and radius 7 [cm] is
half of the measured diameter.

v' 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
cm3. 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.

e 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.

° Compare your results among the groups and discuss:

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

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

v' 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 O 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).

v Insert 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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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:

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

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

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

4. 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.

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

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

v’ 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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CREATIVE ACTIVITY: Watershed and water balance

OBIJECTIVE:

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:
U Poster-sized paper or fabric in bright colour
U Colours or paint to draw on the paper or fabric
U Pins, nails or tape to attach the poster to the wall
U Pen and paper

INSTRUCTIONS:

o 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 poster in the classroom as learning material because

you will be able to use it for explanatory purposes during follow-up sessions.

-> Explain what you see.

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

* QOcean * Mountains e Soil Surface
* Clouds * \egetation * Groundwater
* Sun * River * Bedrock

2. 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)?
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Watershed representation
Source: https://www.vecteezy.com/vector-art/99106-free-water- cycle-diagram

a 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:

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

2. 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?

E,.n

==
VAPORATIO
E——
TRANSPIRATIO

s
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e 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:

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

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

* Rain forests and swamps need water so that plants and ecosystems can be
conserved.

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.

ok NOLLYLIdIDIYd
EVAPORATION [i
TRANSPIRATION []

Fsﬁltsﬂﬁﬁ-\u: jj RUNOFF [ >

B NowvyLIENI

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

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.

11
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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:

Collection area

* impermeable roof (sheet
metal, plastic)

* gutters and pipe made of local z 7 7 > Conveyance system
materials (metal, aluminum,
ceramic, bamboo, PVC)

* first flush diverter

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

* tap

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

______________________________________________________________________

N o e o e e e e e e = = = - - —

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?

1 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.

2 Think of what you could use such collected water for: for example irrigating
school gardens, flushing toilets, washing floors, etc.

12
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