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ABSTRACT Keywords

In this paper, we intend to present the planning of experiences that
can be presented to students of school age. These experiments
have the goal of sensitizing students to climate changes, the
problem of water scarcity and the need to save it. At the same 1. INTRODUCTION
time, the experiences give an opportunity to show through :
concrete cases how Mathematics can model natural phenomena in
order to understand them better and predict future behavior.
Agriculture is the economic sector that spends more water with
low degree of efficiency (about 60 %). Efficient irrigation systems
are necessary, and smart irrigation systems are being designed and
implemented in our research group,
https://sofialope6.wixsite.com/to-chair. In order to achieve smart
irrigation, complex mathematical models were developed and
programmed in MatLab/Octave. However, purpose of this paper is
to motivate students to this issue. In particular, we intend to show
how mathematics can be a fun, and valuable tool to understand
many concepts linked with smart irrigation. We describe a set of
simple experiments, that can easily be performed at home, that
may be a valuable tool to understand “hands on” concepts like soil
differences, evapotranspiration, soil moisture and infiltration of
water in the soil and efficiency of the water used.

Climate change; agriculture, smart irrigation; mathematics
education.

Climate change is a current subject, with large discussions and
facts present in all media and social networks. Consequences of
climate change came sooner than expected strongly affecting our
planet and all living things that inhabit it, [1], [2]. Human
activities are responsible for climate change. Therefore, it is
urgent to change those human actions that negatively influence the
climate. Education plays a key role here. Sensitizing school age
youth to the problem and the need to change attitudes and actions
is extremely relevant, not only because of the change that may
occur in young people, but also because of the influence they have
on their parents, peers and future generations. One of our time’s
demands is the efficient use of natural resources that have always
seemed inexhaustible, but that really are not. In the future,
drinking water will be a scarce commodity and we must now
make efficient use of this indispensable resource for life.
Agriculture is the economic sector that spends more water with
low efficiency (about 60%). Water is indispensable for life and
CCS Concepts growth of cultures. One of the consequences of climate variations

is the gradual loss of soil productivity and vegetation and this will
be visible, with a marked intensity, in Southern Europe. The water
needs that typically occur every year in the spring and summer
periods strongly affects the agriculture production. However, use

» Applied computing—Interactive learning environments e
Mathematics of computing—Probability and statistics.
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fundamental role. Using mathematical language, we can model
phenomena, represent their functioning, and predict behaviors.
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research group (see https://sofialope6.wixsite.com/to-chair). In
order to achieve smart irrigation, complex mathematical models
were developed and programmed in MatLab/Octave.

With this work, we intend, via technology, to combine
mathematical modeling and technology with the students’
awareness of climate change, through an everyday life problem.
The last international PISA test was developed by the OECD to
evaluate the literacy of 15-yearolds from around the world in
Reading, Mathematics and Science, thus contributing to the
collection of information on the performance and characteristics
of educational systems of various countries and economies. Only
one EU country managed to reach the 10th place in mathematics
and only two countries have been amongst the Topl10 in science.
Portugal reached the following positions: 17th to Sciences with
501 points, 18th in Reading with 498 points and 22th to
Mathematics with 492 points (considering only the 35 countries /
economies that make up the OECD, of the 72 participants in the
study). PISA has revealed a great disadvantage in problem solving
and modelling. European pupils have not been able to cope with
everyday life problems. Knowing in addition that there is a strong
correlation between math knowledge and later career, there is also
a correlation between social status and math skills. Therefore,
there is a strong need to strengthen European pupils in
mathematics. The teachers, for many years, were trained to teach
in the same way that they were taught. However, the advances in
technology are rapidly changing the way that students learn, both
in school and beyond it. As technology has rooted its way into our
day-to-day existence, education has been changed. With
information at the tips of our fingers, learning is now boundless.

It is in this background that activities described here are
contextualized. We planned experiments easy for students and
possible to adapt for different levels of schooling. Their objectives
are:

» To “wake up” young people to the efficient use of water scarce
but essential to life;

« To show the need to analyze different aspects of the problem of
crop irrigation: type of crop, type of soil, stage of crop life,
evapotranspiration phenomenon, climatic conditions...;

* To show how Mathematics can help to solve practical problems,
modeling, representing and predicting behavior of phenomena;

» Show how, in this specific problem, we can use mathematical
tools.

Thus, we present experiments that are easy to perform. We need
several pots with different soil types, some without and others
with different plants, a humidity sensor and an Excel sheet.

Students can perform experiments, collect soil moisture data on an
Excel sheet, and obtain a mathematical expression that models the
behavior of the data. Depending on the school age, the activities
can be adapted:

* Ist cycle students can experiment and collect data on an Excel
sheet, gaining sensitivity for instrument reading, for non-integer
numbers and relation of order in non-integer numbers.

* 2nd and 3rd cycle students can experiment and collect data in an
Excel sheet and use Excel’s own tools to get the curve and its
mathematical expression (a polynomial) that best models the data.
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* Secondary students may, in addition to the activities described in
the previous point, understand how the curve was obtained using
Regression Analysis from Statistics.

2. MAIN CONCEPTS IN IRRIGATION

In this section, an “easy to understand” explanation of the main
variables to take into account, to design a good irrigation system
is presented. Technical details are not given, since it has to be
simple enough for a first cycle student to grasp the concept. Figure
1 illustrates the cycle of water in a farm field and presents the
main involved concepts.

Water Efficiency and Irrigation: In agriculture, water efficiency
is reducing water wastage by measuring the amount of water
required for a healthy crop and the amount of water used or
delivered - is the % of the used water useful for the crop. It is one
of the main challenges we face - it is crucial to save water,
especially in agriculture, see [11], [12]. Most irrigation systems
(when they exist) are of type on - off, [3]. They don’t care if the
soil has already enough water or not. This can be tackled using a
smart irrigation system like the one designed by our team.
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Figure 1. The main cycle of water in a farm field.

Types of soils: In a crop field, we may have different types of
soils. The main types are sandy soil, clay soil, silt soil, peat soil,
chalk soil and loam soil, see Figure 2. This will strongly affect
how fast the water infiltrates the soil and how much water can the
soil retain for a given time if there is a long drought. The type of
soil should be an important issue to take into account by the
decision makers when deciding the crops to cultivate. Next, we
explain in simple words some of the main variables to take into
account to be able to design a proper irrigation system.
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Figure 2. Different types of soil.
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Evapotranspiration: If a plant exists in a crop field, it produces
evapotranspiration. Includes water needed to live, grow and
reproduce. Each type of plant has a different amount of
evapotranspiration, and even the same plant has different levels
depending on the weather conditions and its phase growth.

Weather variables: The type of weather in the region will
strongly affect the crops growth. Solar radiation, wind speed,
temperature, and rainfall, are very important to understand if the
type of crops are ideal in a certain site. However, climate change
is affecting drastically these variables over time. Mathematical
models involving time series and others, help create different
scenarios over the future years. Note that these variables are
crucial to estimate the evapotranspiration, see [13], [14].

3. HANDS ON EXPERIMENTS TO STUDY
SOME IRRIGATION PARAMETERS

The first thing we need, is a moisture sensor. This can be bought
in any store that as a section dedicated to gardening. You may get
such a gadget for less than 20 euros, or a bit more if you want it to
be more accurate. The set of experiments we describe are easy to
perform. You only need this moisture sensor, different soils, water,
one or more plants and a wristwatch. Then you collect the data
and use a spreadsheet like Excel. We tried this in the garden of
one of the authors. After choosing the right spot without
surrounding plants, you place the moisture sensor on the soil and
measure the initial value. Afterwards we irrigated the vicinity of
the sensor (0.45 liters of water), and collected the moisture sensor
level every minute, for about 8 minutes, when moisture tended to
be stable. (Table 1)

Table 1. Soil moisture function of time without crop. During
15t minute 0.45 L of water irrigated in vicinity of the sensor.

Moisture Level (0-4)
1.2
1.7
17
1.65
1.6
1.55
1.5
1.5
15

Time(m)

(N WIN PO

The mathematical model used to represent reality was Regression
Analysis. It is a form of predictive modeling technique which
investigates the relationship between dependent (response) and
independent variable (s) (predictor). This technique is used for
modeling and forecasting, and finding the causal effect
relationship between the variables. Regression Analysis is an
important tool for modeling and analyzing data. In Regression
Analysis, polynomial regression is a type of nonlinear models. A
regression equation is a polynomial regression equation if the
power of independent variable is more than 1. Here, we fit a
curve/line to the data points, in such a manner that the differences
between the distances of data points from the curve or line is
minimized. In this regression technique, the best fit line is not a
straight line. It is rather a curve that fits into the data points, in our
case,

y(t) = Bo + Pit + Pot? + 3t? + Put* + €,
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where the coefficients f;,j = 1,--+,4 are determined to obtain the
best fit, and €, is the so-called random error. It is useful to have
some measure of how well the model fits the data. One common
choice is R Square (R?), the so-called coefficient of determination
or percentage of variance explained. Its range is 0 < R? < with
values closer to 1 indicating better fits. Excel multiple regression
can be performed by adding a trend line, or by using the Excel
Data Analysis Toolpak. If we just want to know the equation for
the line of best fit, adding a trend line will work well.
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Figure 3. Soil Moisture function of time - spot without plant.
Mathematical model explaining infiltration and RZare added.

In this example, we may see that a 4th degree polynomial seems
to describe very well the experimental data, see Figure 3. The
students should note that other models could be chosen, and for
instance if the soil or the amount of water used were different,
results would be different. With this practical example, a student
may understand the importance of mathematical models to mimic
reality and also learn some statistical concepts in a funny way.
Then, we chose a different soil. We considered Biological
Substrate only. The experiment was repeated and the results were
as follows. (Table 2)

Table 2. Soil moisture function of time without crop.
Biological substrate is the soil. During 1t minute 0.45 L of
water irrigated in vicinity of the sensor.

Time(m) Moisture Level (0-4)
0 0.7

2.7

2.8

2.8

2.8

2.8

2.8

2.8

2.75
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The whole procedure described before is performed once more.
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Figure 4. Soil Moisture function of time in a spot without
plant now we use bio substrate as soil.

We obtain a very good fit with a 4th degree polynomial but with
different coefficients as expected, see Figure 4. The curious thing
here, is that after reaching the maximum soil moisture does not
drop as fast as in the first experiment. This tells us that this
biological substrate retains the water much better. Other soils
could be tried but, he point was to give the students the notion that
the type of soil can determine how well a plant can survive a
draught period. Among many important issues, another
experiment, may also be very useful. In the same garden (going
back to the original type of soil), we now chose a spot with
surrounding grass and plants. We repeated the experiment. The
results are represented in the following Table 3. The whole
procedure in Excel was repeated.

Table 3. Soil moisture function of time in a site of grass and
other plants. Original soil used. During 1t minute 0.45 L of
water irrigated in vicinity of the sensor.
Time(m) Moisture Level (0-4)
0 1.7
2.25
2.25
2.2
2.2
2.15
2.1
2.1
2.1
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The whole procedure described before is performed once more.
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Figure 5. Soil Moisture function of time in a spot near grass
and other plants, first soil again.
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This third experiment was done a few meters away from the first
one and a few minutes later. So, it is interesting to notice that
before irrigating, the soil moisture was well above now. This
means the existence of plants, on its own guarantees a higher
moisture level of the soil. They retain water. The behavior of soil
moisture is similar, (see Figure 5) yet the percentage of soil
moisture dropping in the 8 minutes of the experiment is smaller
than the first experiment. This confirms that plants are important
to keep soil moisture. This is partly justified by evapotranspiration.
If you have a plant in a certain place, evapotranspiration exists,
meaning that in order to survive the plant will take water from the
soil, and as all living beings also transpires. Evapotranspiration is
composed of evaporation and plant transpiration to the
atmosphere. To finish up the experiments, on a very hot day (25
Celsius), we now placed the moisture sensor near a Cactus plant.
We then irrigated land in the vicinity of the Cactus with 0.45 liters
of water. The results can be seen in the next Table 4.

Table 4. Soil moisture function of in site near a cactus.
Original soil used, at noon of a hot day (25 Celsius). During 1%
minute 0.45 L of water irrigated in vicinity of the sensor.
Time(m) Moisture Level (0-4)

0 1.2
1.4
15
15
1.55
1.55
1.6
1.65
1.65
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The whole procedure described before is performed once more.
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Figure 6. Soil Moisture function of time in a spot near a
Cactus, first soil again, but at noon of a hot day (25 Celsius).

From the measurements, we can see that in 8 minutes, the soil
moisture did not stop growing completely, see Figure 6. Unlike
grass, the Cactus is able to retain water for longer time. In the case
of grass after just 1 minute, soil moisture was already dropping.
This is an expected result. They actually are able to live in the
desert where rainfall very rarely happens. We were able to see that
different crops retain water differently, as expected.



4. CONCLUSION

The contents of this paper are twofold. First, we present the
students a very real and urgent problem, that is Climate Change.
We have to be educated to save the Earth’s resources, recycle and
be friends with Nature. Water is a crucial good we have to take
care with the most urgency. To save water we need an efficient
agriculture that is able to produce the most goods without
spending too much water. Smart irrigation is needed. On the other
hand to deal with smart irrigation, we need to understand some of
the main variables that influence its efficiency. We planned some
simple experiments that will motivate the students to understand
some of the main aspects involved in a crop field. There are
already known and good models to represent infiltration of water
in the soil. We intended to make students aware to the Climate
change and its consequences with a a very simple one, and at the
same time try to apply some mathematics/statistics in a more
interesting way. This is done via mathematical models, learned in
statistics, allowing the learning process to be fun and rigorous at
the same time. In this case, we introduced non-linear regression
using data from an experience of water infiltration. Some more
interesting results could be taken should the experiences could
take longer but we know students tend to want results on “real
time” and Nature does not use the same time frame. The
experiment was short in its duration, to make the most of students'
interest and concentration. We believe that learning mathematics
and see its application on a hot issue like Climate Change may be
a good way to go.
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