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Using secondary data to engage learners

in researching social issues
The case of the CR2 Climate Explorer and water scarcity

Abstract. Drought and water scarcity are phenomena that are often confused, yet they have different causes:
drought has a natural origin, while water scarcity is caused by water use. In this article, we present a proposal
to address these issues through the analysis of secondary data from the CR2 Climate Explorer. By proposing
different types of research questions and following statistical research processes, we illustrate how the problem of
drought and water scarcity could be addressed using data from the city of Petorca (Chile). We believe that this
type of activity fosters student engagement and action regarding socio-environmental issues affecting different
communities, allowing them fo reflect on how data serves as a source of information for decision-making.
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Infroduction ter scarcity and drought, phenom-  issues. Based on this, the Center

Education has a key role in forming
citizens, present and future, who
can make sense of complex social
phenomena, with statistics offering
a powerful interdisciplinary lens
for such development (Engel et al.,
2021). The analysis of different phe-
nomena using data should occur
through the connection between
global and local issues; that is, we
should understand the phenomena
that affect us globally through the
critical interpretation of data, while
simultaneously reflecting on and
gathering local evidence regarding
how these issues impact the places
we inhabit daily.

One of the phenomena that has
been affecting a large part of the
population for several years is wa-

ena that appear similar, but are
fundamentally different. “Drought”
is a natural phenomenon caused
by large-scale climate variability
and cannot be prevented through
local water management. “Water
scarcity” refers to the unsustainable
long-term use of water resources,
which water managers can influ-
ence (Van Loon & Van Lanen, 2013).
This issue also aligns with Goal 6
of the United Nations’ Sustainable
Development Goals (SDGs), which
calls to “Ensure availability and sus-
tainable management of water and
sanitation for all” Water also cuts
across nearly every other SDG as
well. This makes water an ideal
topic for engaging learners in that
is related to both global and local
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for Climate and Resilience Research
(CR2) offers the opportunity to ana-
lyze the phenomenon of drought us-
ing a database derived from various
weather stations belonging to the
observation networks of the Gen-
eral Water Directorate (DGA), the
Chilean Meteorological Directorate
(DMC), and Chile’s National Agro-
climatic Network (RAN, Agromet).

The availability of water data
in Chile has allowed us to de-
velop activities based on the statis-
tical problem-solving process pro-
posed in GAISE II (Bargagliotti et
al., 2021), which aims to encour-
age students to formulate statisti-
cal research questions based on sec-
ondary data. However, based on
our experience and what the liter-
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Figure 1. Statistical research process based on real data on social issues

ature reports (Ubilla and Gorgorid,
2023), formulating statistical ques-
tions is a complex process, which
can be further complicated if stu-
dents must generate such questions
from an existing dataset. For this
reason, we present ideas on how to
address the issue of drought using a
database by following the statistical
research process, showcasing three
examples of research questions that
adhere to the guidelines by Arnold
and Franklin (2021) on what makes
a good statistical question.

How can we understand so-
cial issues through data?

Based on the GAISE II proposed
statistical research process (Bar-
gagliotti et al., 2021), in Figure 1, we
outline some aspects of each phase,
keeping in mind that the topic at
hand concerns a social issue using
secondary data.

First, we believe that when ap-

proaching this issue, it is neces-
sary to identify what students al-
ready know about it and then intro-
duce key concepts and ideas that
will help them understand the phe-
nomenon. Next, students are ex-
pected to learn how this issue af-
fects their local community and
what various institutions have done
to address it. In this phase, they are
integrating information about the
social issue that stems from their
own beliefs and experiences with
theoretical, global, and local infor-
mation on the issue. During the
consideration of data, students are
expected not only to question the
source of the data but also to be able
to identify the variables and nature
of the data that help them under-
stand the issue. The link between
the previous stage and this one is es-
tablished through the formulation
of a research question. Because
databases on social issues tend to

be extensive and complex, during
the data analysis phase, students
are expected to clean the data so
that, after analyzing it, they can
compare the results with what they
initially knew about the issue. Fi-
nally, it is hoped that, based on the
results obtained, students will be
able to compare them with infor-
mation found in the media and inte-
grate what they knew initially with
what they observed from the data,
and ultimately communicate their
process to an audience they deem
relevant.

"Education has a key role
here, in ferms of forming
citizens, present and fu-
fure, who can make sense
of complex social phe-
nomena, with statistics of-
fering a powerful interdisci-
plinary lens.”
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Figure 2. Home page of the CR2 Climate Explorer (https://explorador.cr2.cl/)
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Figure 3. Annual mean daily streamflow of the Petorca River.
The figure shows the yearly average of daily streamflow values,
expressed in cubic meters per second [m®/s].

What data can we find in the
CR2 Climate Explorer?

The Climate Explorer from the
Center for Climate and Resilience
Research (CR2) compiles observa-
tional records of streamflow, tem-
perature, and precipitation from
climate and hydrological stations.
Streamflow is expressed in cubic
meters per second (m®*/s), tempera-
ture in degrees Celsius (°C), includ-
ing maximum, minimum, and aver-
age temperatures, and precipitation
is the daily accumulation in mil-
limeters (mm). The platform allows
users to filter data by date range
and time scale, view it in map or
time series format, and export it
for analysis. It contains data from
669 weather stations in Chile, South
America, and Antarctica that pro-
vide temperature data; 809 weather
stations in Chile alone that provide
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flow rate data; and 1,241 weather
stations in Chile, South America,
and Antarctica that provide precip-
itation data, that have been col-
lected over the years. Figure 2
shows the Climate Explorer inter-
face, where each point corresponds
to a data station and at the bottom,
you can view a time series of pre-
cipitation data. Click the following
link to access the CR2 data viewer:
https://explorador.cr2.cl/

In this article, we aim to demon-
strate how to use local CR2 data to
answer simple research questions,
thereby illustrating how to work
with this data in school settings or
introductory statistics courses for
undergraduate programs.

With this in mind, we decided
to study the Petorca River due to
the documented problems regard-
ing access to and availability of wa-
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Figure 4. Annual mean daily streamflow by river. Values are ex-
pressed in cubic meters per second [m?/s].

ter in this region. In particular, the
National Institute of Human Rights
(n.d.) describes Petorca as a case of
water crisis linked to the depletion
of surface water and restrictions on
the use of groundwater.

In the CR2 Climate Explorer, we
identified one station correspond-
ing to the Petorca River and two sta-
tions associated with the Sobrante
and Pedernal Rivers, both of which
flow into the Petorca River. Since
the issue under analysis is directly
linked to water availability in the
river system, we used streamflow
and precipitation as our variables.

The analysis will use the data
available in the three selected
time series, covering the period
1979-2018. Although the original
records are daily, annual averages
for streamflow and annual totals
for precipitation will be used to

Figure 5. Topographic map showing the location of the three rivers in the mountainous landscape.
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Figure 6. Relationship between annual precipitation and annual mean daily streamflow in the Petorca River.

simplify the analysis. After select-
ing the data, we downloaded the
database and used the R software,
version 4.5.3 to analyze it.

What does the data tell us
about the drought in Petorca?

Our goal is to illustrate the ap-
proach and methods for addressing
statistical research questions. To do
this, it is essential to define the fo-
cus of the inquiry. In this proposal,
we present three types of research
questions: descriptive, comparative,
and relational. The final question
is presented along with the consoli-
dated analyses; however, students
are not expected to arrive directly at
that final question or those results.
The idea is to arrive at these types
of questions through a dialogic pro-
cess with teachers and peers.

Summary investigative ques-
tion. Descriptive or summary
investigative questions refer to
questions that characterize how a
variable behaves within a group
(Arnold & Franklin, 2021). In this
context, such a question would be-
gin by considering whether we are
interested in describing a specific
variable in one or more specific sec-
tors. Considering the selected issue,
a relevant initial question is How
has the streamflow of the Petorca
River behaved over the years? For
each year, we calculated the mean
daily streamflow in order to obtain
simpler data. We plotted this vari-
able against the year of the data,
generating the graph shown in Fig-
ure 3.

We can observe a considerable
variability between 1978 and 2006,
followed by a very strong down-
ward trend, revealing an important
issue. This trend may be due to
broader climatic phenomena or to
human management of water re-
sources.

Comparison investigative ques-
tion. Comparison investigative
questions refer to comparing how
a variable behaves across several
groups (Arnold & Franklin, 2021).
To define them, it is necessary to
identify the groups of data that we
are interested in comparing. In the

previous example, the issue affect-
ing Petorca was made evident; how-
ever, it is not clear whether this
pattern is due to broader climatic
phenomena or to water manage-
ment. To explore this further, we fo-
cused on the Pedernal and Sobrante
rivers, which flow into the Petorca
River. These rivers originate closer
to the Andes Mountains and farther
from the valley and productive ac-
tivities, so their behavior could be
more strongly associated with cli-
matic phenomena than with direct
human intervention (Figure 5).

We therefore asked: Does an-
nual mean daily streamflow tend to
differ among the Petorca, Pedernal,
and Sobrante rivers? To address this
question, we generated a graph that
shows the yearly average of daily
streamflow values for each river, al-
lowing comparison of streamflow
trends over time (Figure 4).

We observe that, until 2006, the
Petorca and Sobrante rivers show
considerable variability, whereas
the Pedernal River consistently has
the lowest streamflow. After 2006,
the three rivers show a tendency
toward lower streamflow, which
suggests the influence of a climatic
drought phenomenon affecting all
of them. However, until 2006, the
Petorca River tends to show higher
streamflow than the other rivers; af-
ter this year, its streamflow is lower
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than that of the Sobrante River and
similar to that of the Pedernal River.
This latter phenomenon suggests
an effect of human action, in addi-
tion to broader climatic factors.

Association investigative ques-
tion. Association investigative
questions seek to explore whether
there is an association between two
variables (Arnold & Franklin, 2021).
Continuing with the previous ac-
count, we considered that another
way to understand whether the
streamflow of the Petorca River has
changed due to the megadrought or
to human management is to com-
pare streamflow with precipitation.
Precipitation is less directly control-
lable by human action. Therefore,
we asked: Is there an association
between annual precipitation and
annual mean daily streamflow in
the Petorca River? To address this
question, we plotted yearly pre-
cipitation values against yearly
average daily streamflow values for
the Petorca sector (Figure 6). We
also calculated the Pearson correla-
tion between both variables, which
was 7 = 0.70, p = 0.00. The graph
and the correlation show a strong
but imperfect relationship between
precipitation and streamflow —
one that is not only non-linear
in nature, but may even suggest
an exponential pattern — leaving
considerable room for other fac-
tors, including human action, to
influence the river’s behavior.

Implications

In this article, we present an exam-
ple of data analysis that school stu-
dents can undertake to answer re-
search questions related to the is-

sue of drought using the CR2 Cli-
mate Explorer (n.d.). The initial aim
of this proposal was to address a
common misunderstanding among
the general public regarding the
phenomena of drought and water
scarcity. By analyzing secondary
data and posing questions that seek
to address the issue from differ-
ent perspectives, we have charac-
terized the phenomenon of drought
in Petorca, where the interpreta-
tion of graphs has allowed us to
question the climatic nature of this
phenomenon and bring human in-
tervention into play in this water
crisis. The water crisis in Petorca
has been studied, and scientists spe-
cializing in climate science indi-
cate that the crisis is due to hu-
man action and not solely to a
megadrought (Alamos et al., 2023;
Mufioz et al., 2020). In this vein,
this activity is valuable because,
through simple data analysis, it is
possible to reflect on and question
human action in the context of the
climate crisis. Furthermore, the
CR2 Climate Explorer platform of-
fers an opportunity for the Latin
American region, as it provides ac-
cess to data from various weather
stations. In addition, we consider it
essential to encourage students to
develop data cleaning skills (Wild &
Pfannkuch, 1999), since databases
on social issues often contain large
amounts of data and variables that
sometimes need to be processed
in order to answer research ques-
tions. All of this is done so that
students can then use software that
allows them to decide which analy-
ses are needed to answer the ques-
tions they pose, as well as to create
a space for reflection and dialogue
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between their experiences regard-
ing the issue and what the data re-
veal about it.
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