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The search for data on climate change by researchers, government agencies or
private companies is a recurrent demand. However, it is hampered by the means
of access to this type of information, mainly due to the complexity of extracting,
reformatting, and making this data available, which can exceed terabytes in size.
The PROJETA platform aims to automate the process of extracting and making
available the dataset of global climate change projections downscaling to 20 km
over South America generated by the model Eta at CPTEC/INPE. The data request,
processing, and conversion process, which used to be done manually and in a one-
to-one data delivery basis. The objective of this work is to describe the methodology
used to create the platform PROJETA and the information made available. It is a
service that allows access to a broad set of different climatic variables. This dataset
is available to different users via the Web or API, in a flexible way in terms of data
format and data volume. In addition, it integrates technologies that allow the
access to the database in an efficient and easy way for use in studies of impact,
vulnerability, and adaptation to climate change in various socio-economic sectors.

© 2018 SBAgro. All rights reserved.

Introduction

lity, and electricity generation. In agriculture, to determi-
ne the climate change impacts is a complex task and often

Climate change is described as long-term changes in
temperatures, rainfall and other phenomena, which cle-
arly have strong impacts on society as a whole. Climate
change projection data are used in a variety of areas in ap-
plications such as forecasting crop yields, water availabi-

requires detailed analysis because of the variety of effects
that can occur in the field (Knox et al., 2012).

The availability of these data and the easy access to
them is crucial for those who use them in their research
and applications where one of the main problems is how
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to provide very large amounts of data, the main issue when
it comes to data that focus on climate change projections.

There are some techniques that can provide informa-
tion for climate change impact studies, such as model si-
mulations, which are important tools for evaluating the
potentials of a crop productivity. From these model ou-
tputs, it is possible to draw analysis to support the manage-
ment of the growth and development of a crop, according
to the climatic information for any decision making. The
numerical models have contributed substantially to the
development of these issues, helping in the production, in
the optimization on the use of water (Fortes, Platonov e
Pereira, 2005) and helping to understand the impacts of
the climate changes on the agriculture crops. Many rese-
archers have used these numerical model outputs to study
and understand the climate change effects on various exis-
ting crops (Jagtap e Jones, 2002).

Several studies have demonstrated the success in the
combined use of crop models and geographic information
systems (GIS) (Sriharan et al., 2008). GIS is a collection of
tools and geographic information, which are applied in
different areas, and can be used in various software and
services, helping decision making (Jia et al., 2008).

On the climate change issues, the impacts on agricultu-
ral production, and its use on crop and disease simulation
models faces us with the manipulation of a large amount of
data and, at this point, comes to the term “Big data”.

Big Data is a paradigm applied to a dataset whose size
is greater than the capacity of commonly used tools to
capture, manage, and process data within an acceptable
time (Wigan e Clarke, 2013). It can be manipulated with
various technologies to aid in the ability to transform the
business, changing the way how the data analysis is done
by obtaining useful information for decision making (Yin e
Kaynak, 2015). Associated with this fact, there is an incre-
asing demand for diversified services, contents and pro-
ducts, which meet even more specific segments and needs.
Dealing with this flow of constant information becomes a
complex task for companies and institutions, which often
need to make rapid decisions based on data analysis. The-
refore, new approaches or technologies have been develo-
ped to provide, manipulate, collect, analyze and visualize
this data, and with the technological advance, traditional
forms are losing their space and new solutions are always
emerging. Among them, the Internet of Things (10T), Web
Services, global positioning system (GPS), remote sensing
and Big Data analysis can be highlighted (Hey e Trefethen,
2005; Wang et al., 2005; Yuan et al., 2013; Bréoring et al.,
2011; Manyika et al., 2011).

For the implementation of the National Adaptation
Planning to Climate Change (PNA), instituted on May 10,
2016 through Ordinance N° 150, under the responsibility
of Brazil’s Ministry of Environment (MMA), several socio-
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economic sector groups have been engaged in the process
of assessing the impacts, vulnerability, and adaptation to
climate change. Multidisciplinary groups, using various
approaches have shown difficulty in manipulating this do-
wnscaling climate change dataset, due to unfamiliar for-
mat, large size, and names of the variables for example.
The Brazilian Ministry of Environment with support by the
German International Cooperation Agency, GIZ (Deutsche
Gesellschaft fiir Internationale Zusammenarbeit) promo-
ted the development of PROJETA platform (Projections of
climate change for South America downscaled by the Eta
model).

The main goal of the PROJETA platform is to automate
access to climate change projection data generated by the
Eta Model at Center for Weather Forecasting and Clima-
te Studies (CPTEC) of the Brazilian National Institute for
Space Research (INPE). The platform provides easy use and
fast responses to requests made by the user and, at the
same time, eliminate the manual process now performed
by INPE assistants to make this data available, reducing the
waiting time of users for the requested data and releasing
the assistants to do more research activities. In addition,
the user can choose different formats offered by the pla-
tform (CSV, JSON, XML, Geotiff, and binary), especially ge-
oreferenced formats like GEOJSON and CSV, which are the
best suited for the user’s needs. In addition, the implemen-
ted API, responsible for the communication task between
the platform and the users, has made easy the import of
the data directly via HTTP and, therefore, its use in legacy
systems of companies, governmental entities, educational
institutions and research centers.

Material and methods

The Web platform PROJETA (Figure 1), which is an
acronym for “Projections of climate change for South
America downscaled by the Eta model”, was built to auto-
matically access, prepare and make available to the users
the dataset of the downscaling climate change scenarios.
These projections are based on four global climate downs-
caling models carried out by the Eta Model at CPTEC/INPE.
The PROJETA project is a partnership between CPTEC/
INPE and the University of Passo Fundo, promoted by the
Brazilian Ministry of the Environment and funded by the
German agency Deutsche Gesellschaft fiir Internationale
Zusammenarbeit.

It is important to mention that the works related to
the goals and functions of the PROJETA, such as those that
address: the construction of Web environments for the vi-
sualization of climate (Alder e Hostetler, 2015) and envi-
ronmental data (Jones et al., 2016), the use of Web techno-
logies for large environmental datasets (Blower et al., 2013,
Vitolo et al., 2015), computational tools to access climate



Figure 1: PROJETA homepage Web platform (https://projeta.cptec.inpe.br).
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data stored in repositories maintained by governmental
entities or by private companies (Fraley et al, 2011; Kemp
et al., 2012; Serrano-Notivoli et al., 2017; Manubes et al.,
2018; Frias et al., 2018), and a virtual laboratory to biodi-
versity and climate change with big data (Hallgren et al.,
2016).

The platform was developed in three stages: prepara-
tion of the downscaling dataset to be uploaded to the data-
base management system what allows the georeferenced
storage and access; development of an Application Pro-
gramming Interface (API); and development of the Web
platform, with its functionalities and interactions with the
users.

The Eta is a limited area atmospheric model in grid
point mesh. It is based on finite volume and uses the ver-
tical coordinates (Mesinger, 1984) which is appropriate in
regions of complex orography. The model is operational
since 1996 in CPTEC/INPE (Chou, 1996) to produce weather
forecasts over South America, since 2002 to produce sea-
sonal forecasts (Chou et al., 2005; Pilotto et al., 2012) and
since 2012 to support the Second National Communication
for the United Nations Framework for Climate Change
Convention (MCTI, 2012; Chou et al., 2012; Marengo et al.,
2012). During these years, the Eta model has been modified
and upgraded (Mesinger et al., 2012; Mesinger et al., 2016).

The model is applied to increase the resolution of the
driver model and to capture more extreme events that is
to downscale the coarse global model forecasts. The Eta
model has been applied to studies of weather phenomena
(Saulo et al., 2000; Seluchi et al., 2003; Seluchi et al., 2011;
Dereczynski et al., 2010), of agriculture crop productivity
(Vieira Junior, 2006; Vieira Junior et al, 2009), etc. The ver-
sion of the model developed for very long-term integra-
tions (Pesquero et al, 2010; Chou et al., 2012; Marengo et

al.,, 2012), suitable for climate change studies, has modifi-
cations with respect to the weather version, such as: the
ingestion of long time-series of sea surface temperature,
vegetation greenness from constant to monthly variation,
calendar count for more than a hundred years, and equiva-
lent CO, concentrations increased with time according to
the future greenhouse gas emission scenarios.

The downscaling dataset available over the PROJETA
platform was generated initially to support Brazil’s Third
National Communication (MCTI, 2016) and the Brazil 2040
project of the Secretary for Strategic Affairs (SAE, 2015).
The Eta model was setup at 20-km resolution and the do-
main covered South America and Central America. The run
from 1961 and 2005 correspond to the reference period, or
also called historical or baseline periods. These runs were
evaluated by Chou et al. (2014a). The projections of the fu-
ture climate change for the period between 2006 and 2100
were divided into three time-slices of thirty years: 2011-
2040, 2041-2070, 2071-2100. The emission scenarios avai-
lable via PROJETA considered two Representative Concen-
tration Pathways (RCP): RCP4.5 and RCP8.5 (Van Vuuren et
al., 2011a, 2011b). The first scenario is relatively optimistic
while the second is the most pessimistic scenario. At the
end of the 21st century, the equivalent CO, concentration
reaches about 650 ppm in the RCP4.5 scenario and exceeds
1000 ppm in the scenario RCP8.5. The climate change over
South America using these projections is assessed in Chou
et al. (2014b).

The PROJETA platform makes available the downsca-
ling of four global climate model runs: the HadGEM2-ES
model (Collins et al., 2011) of the British Service UK Met
Office, the Japanese model MIROC5 (Watanabe et al., 2010)
was developed by a consortium of Japanese institutions
(NIES-Frontier Research Center for Global Change, Univer-

Agrometeoros, Passo Fundo, v.26, n.1, p.71-81, jul 2018. 73



sity of Tokyo and Japan Agency for Marine-Earth Science
and Technology), the CanESM2 model (Arora et al., 2011),
developed by Canadian Center for Climate Modeling and
Analysis (CCCMA), and the Brazilian model BESM (Nobre et
al., 2013). Table 1 shows the grid resolution for atmosphe-
ric and ocean components for these models from PROJETA.

The platform also makes available the very-high re-
solution downscaling dataset of the Eta model. This ver-
sion has included the non-hydrostatic mode to operate in
very high resolutions in continuous long-term simulations
(Lyra et al., 2017). These high resolution runs covers part
of Southeast of Brazil and are driven by the downscaling
of the Eta 20-km of HadGEM2-ES under RCP4.5 and RCP8.5
scenarios. This version, although more computationally
demanding, is suitable for studying the climate related is-
sues of small scale, such as climate change in metropolitan
areas, hydrology of small basin or within complex topo-
graphy basin, smaller patches of land cover, as examples.

The storage of climate change datasets was performed
in the PostgreSQL (https://www.postgresql.org/) Databa-
se Management System (DBMS). The main characteristics
that led to the choice of this DBMS were the ease of per-
forming transactions, programming with triggers, secu-
rity of access to the system, need to work with relatio-
nal objects, development of functions and data integrity.
PostGIS (https://postgis.net/), spatial and geographic ob-
jects for PostgreSQL, was also used for having many use-
ful functions in queries, as well as storage and access to
georeferenced data, essential features for the platform’s
functionality.

The binary files in TIFF format provided by CPTEC/
INPE with the climate change data sets were read and sto-
red in PostgreSQL in a table format. Figure 2 is the class
diagram that shows the structure and relations between
the classes of the PROJETA database.

The variables available to download are listed in the
“Variable” field on the main page of the PROJETA platform.
This list was constructed after a survey sent to users and

potential users.

In this first stage of the platform, the database has
a size of about 35 Terabytes. With the inclusion of more
hourly frequency data and other climate variables, the da-
tabase size will be about 80 Terabytes.

After the database was loaded with projections of cli-
mate change, the next step was to build the web structure
of the platform. This structure has three parts: the back-
-end that is responsible for the entire process of manipu-
lation and data processing; the front-end that covers the
entire interface of the platform and the access to API, and
that was implemented using resources of HTML5, CSS and
JavaScript with the help of Angular]S (https://angularjs.
org/); and finally, the API that is used for the data com-
munication throughout the platform. Conversions of the
binary files with the climatic data were made, in the initial
phase of the database, without the help of extra tools.

This data is made available to the user through links
provided by the API. All usage tests were analyzed and de-
signed according to the needs of the platform, following
standard and specific parameters, so that the service could
perform the queries correctly, providing the data accor-
ding to the requests requested by the users and according
to the technical guidelines the CPTEC researchers.

Figure 3 shows the flow for these queries, where the
user accesses the platform through a Web browser, via
Hypertext Transfer Protocol Secure (HTTPS), where an
Angular application accesses the API that, in turn, acces-
ses the NodeJS server layer (https://nodejs.org/en/). This
server layer accesses the platform database management
system, where GET, POST, PUT and DELETE requests are
performed. The R package presented in this figure was
only used early in the development of the platform to con-
vert the projection data into binary format into the TIFF
format. Currently, the binary data extracted from the pro-
jections are stored directly in the database in TIFF format,
without the need for this conversion done by the script
inR.

Table 1: Global climate models with downscaling by the Eta model available over PROJETA. In case of the atmospheric grid and its lati-
tude, the tabulated resolution is only valid for the tropics. For higher latitudes, deviations may occur. In case of the ocean, if two values
are given for the latitude resolution, the resolution is not constant. The first value is that for the tropics and the second for the poles

(maximum for the two poles if different).

Atmospheric grid

Latitude Longitude

Model

HadGEM2-ES 1.25° 1.875° 38
MIROCS 1.4008° 1.40625° 40
BESM 1.875° 1.875° 28
CANESM2 2.75° 2.8125° 35

74 Agrometeoros, Passo Fundo, v.26, n.1, p.71-81, jul 2018.

Vertical levels

Oceanic grid
Latitude Longitude Vertical levels
(tropics/
ocean)
0.3396°, 1° 1° 40
0.5°,0.5° 1.40625° 50
0.25°,0.25° 0.25° 50
0.9303° 1.40° 40
1.1407°



Figure 2: Class diagram describing the structure and relationship between the system classes of the PROJETA database.
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The API developed for the platform uses features that
make it easy and agile to integrate with new products
and services. These services or products include mobile
applications, packages or libraries for the most diverse
programming languages, legacy systems of public or pri-
vate companies, Web applications and Cloud Computing
(Figure 4). The exchange of information through API has
the role in standardizing these integrations and providing

some autonomy for companies and institutions to enjoy
the services available that make uses of the platform data.

Results and discussion

The PROJETA platform enables users to make requests
to the database containing projections of climate change
in two ways: via the Web or directly via the API. In the Web
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Figure 4: Different products and services that can be created
from an integration with an API developed for the PROJETA plat-
form.

Legacy
applications

Partner
applications

Web
Applications

request, one can select an area on a map, a geographic
point by indicating its longitude and latitude coordinates
or a Brazilian city. In the API request, one can define only
a specific geographic point. Examples of requests for these
two forms are given below.

Web request is performed in four steps: (1) choosing
the request data (Figure 5); (2) visualization of the area,
geographical point or Brazilian city selected in step (1) (Fi-
gure 6); (3) registration of the data of the user who is exe-
cuting the requisition; and (4) presentation of a summary
with the data of the request made by the user.

After completing this last step, a message is displayed

to the user informing them about the progress of the pro-
cessing of their request and about sending a message with
instructions for downloading the requested data to their
email. In this email, there will be a link to access the data
generated by the request. When accessing this link, a Web
page will open on the platform where the request summa-
ry will be presented and a button to download the request
data (Figure 7).

In this request example, the file with the requested
data is generated in CSV (comma-separated values) for-
mat. The request consists of an area that covers the Brazi-
lian state of Rio Grande do Sul (area bounded by the blue
rectangle on the map), with the following specifications:
climatic scenario (MIROC5 continental model downscaling
by the Eta model, 20-km resolution, with RCP 4.5), annual
frequency, variables such as the air temperature at 2 me-
ters from the surface (TP2M) and period from 2006 to 2099.
Figure 8 shows the first 28 rows out of a total of 157,169 of
the CSV file generated by the request, where each line cor-
responds to the temperature (TP2M) in a given year (Data)
for a given latitude (Latitude) and longitude (Longitude) of
the requisition. The Hour column is generated by default
by the system but the annual frequency is not used and its
values are zeroed (00:00:00).

For the API request it is recommended that the user
first access the platform’s “API” menu (https://projeta.
cptec.inpe.br/#/api) where a tutorial on how to configure
the API is presented, presenting a description of all para-
meters used to build the HTTPS link through the API, and a
service for automatic generation of the link for access via
the API, similar to the main menu when the user makes a

Figure 5: First step of the Web request - the user chooses of the request data in the PROJETA homepage: he must select the climatic
scenario (A), the data frequency (B), the location (in this example a rectangular area) (C), the output file format for the requisition data
(D), the climatic variable (E) and the initial and final data period (F) for the request.
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Figure 6: The second step of Web request - in this step the area selected in the request is displayed (area represented by the blue rectan-
gle on the map). This area comprises the rectangle with the geographical coordinates defined in (C) in the web request example shown
in Figure 5.
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Figure 7: Access to the data of Web request: when accessing the link notified in the email sent to the user after the conclusion of the
request, a platform Web page will show the request summary (A) and a button for starts downloading the data (B). The data will be
downloaded in a compressed file, containing the data in the file format choose in the request and a file in pdf format containing the
request summary.
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Web request. The API link structure is as follows:
https://projeta.cptec.inpe.br/api/v1/public/ETA/id-
model/freq/id-freq/im/iy/fm/fy/var/lat/lon/

In this link to the request, the id-model parameter is
the identifier of the model coupled to the Eta model, freq
is the frequency of the data and id-freq is its identifier, im
and iy are the initial month and year of the request, fm and
fy are the final month and year of the requisition, var is the
climate variable, lat is the latitude and lon is the longitude

of the geographic coordinates of the point to be ordered.
With this link configured the user can use it directly in a
Web browser or any tool that can access APIs via HTTP. The
data view, when accessed by the API, is in JavaScript Object
Notation (JSON) format. The following is an example of an
API request link:
https://projeta.cptec.inpe.br/api/v1/public/ETA/1/
MONTHLY/3/6/2018/7/2018/TP2M/-28.2612/-52.4083/.
This request consisted of a geographic point centered
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in the Brazilian city of Passo Fundo, state of Rio Grande
do Sul, with the following specifications: climatic scenario
(MIROCS5 continental model coupled to Eta model, resolu-
tion of 20 km with RCP 4.5), frequency monthly, variable is
the air temperature at 2 meters from the surface (TP2M)
and period of June and July 2018. Figure 9 shows the output
of the request in JSON format, where each set of data cor-
responds to the value of the temperature variable (TP2M)
in a given month/year (date) for the latitude (lat) and lon-
gitude (Ing) of the request. The time variable is generated
by default by the system but in the monthly frequency is
not used and its values are zeroed (00:00:00).

Conclusions

The PROJETA platform made it possible to make re-
quests, via the Web and via API, to climate change projec-
tion data generated by CPTEC/INPE. The computational
architecture used in the development of the platform allo-
wed the opportunity to scale the use of its data through
the API, the inclusion of new modules in the structure and
the adaptation or inclusion of new scenarios of projections
in an easy and organized way in the structure of the data-
base.

The platform automates the process of requesting,
making available and viewing the climate change data that
was previously performed manually. In this way, the user
can make use of the PROJETA interface and filter the data
as needed. Upon completion of the request, in a few mi-
nutes, the user receives an email with the steps to down-
load the requested data. Some restrictions were imposed
to prevent the user from requesting a very large amount
of data, mainly for the 3-hour frequency. To provide this
restriction, limits are set to only one variable for each re-
quest, and the time interval that can be requested in a sin-
gle request, according to the type of selected frequency.

The API developed to communicate the database with
the PROJETA s website allowed its use by other government
agencies, companies and educational and research institu-
tions. In this case the communication is done by URL, whe-
re any programming language that supports HTTP will be
able to easily access the data of this database via the use of
this API and integrate it into your applications.

As future work, some improvements in the PROJETA
platform are under development, both in platform struc-
ture and in creating tools to ease access to this data more
easily. Among these improvements is the creation of a new
platform module to present climate change data charts
and maps, offering data manipulation and visualization
capabilities in a dashboard-style displayed in a graphical
layout. Another advancement is the creation of an R pa-
ckage to reach and manipulate directly the platform data.
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Figure 8: First 28 lines of the CSV file generated by the request
shown in Figure 5.

A [ 8B [ ¢ | b | E l
1 |Data Hora Latitude Longitude TP2M
2 |2006-01-01 00:00:00 -33.9 495 18.241548538208
3 |2006-01-01 00:00:00 -33.3 -53.3 16.8410415649414
4 [2006-01-01 00:00:00 -30.9 -50.3 19.135274887085
5 |2006-01-01 00:00:00 -299  -57.7 17.1738109588623
6 |2006-01-01 00:00:00 -29.9 -57.9 17.1125640869141
7 |2006-01-01 00:00:00 -29.5 -53.3 16.8915424346924
8 [2006-01-01 00:00:00 -29.5 -63.5 16.9884700775146
9 |2006-01-01 00:00:00 -29.5 -53.7 16.9927806854248
10 |2006-01-01 00:00:00 -29.5 -65.5 17.5412502288818
11 _|2006-01-01 00:00:00 -29.5 -55.7 17.5956783294678
12 |2006-01-01 00:00:00 -29.5 -56.3 17.7519798278809
13 |2006-01-01 00:00:00 -29.5 -55.9 17.6234073638916
14 |2006-01-01 00:00:00 -29.5 -56.1 17.6431179046631
15 |2006-01-01 00:00:00 -29.5 -53.9 17.0940818786621
16 |2006-01-01 00:00:00 -29.5 -55.1 17.2293853759766
17 |2006-01-01 00:00:00 -29.5 -54.9 17.109354019165
18 |2006-01-01 00:00:00 -29.5 -55.3 17.2677955627441
19 |2006-01-01 00:00:00 -29.5 -54 1 17.0956230163574
20 |2006-01-01 00:00:00 -29.5 547 17.0699005126953
21 |2006-01-01 00:00:00 -29.5 -564.3 17.3296794891357
22 |2006-01-01 00:00:00 -29.5 -54.5 17.2216358184814

23 |2006-01-01 00:00:00 -29.5 -62.5
24 |2006-01-01 00:00:00 -29.9 -58.1
25 |2006-01-01 00:00:00 -29.5 627
26 |2006-01-01 00:00:00 -29.7 -55.9
27 |2006-01-01 00:00:00 -29.5 -62.9
28 |2006-01-01 00:00:00 -29.5 -50.5

4 [+ 1" Planilha1 1 <

16.8780937194824
17.0639324188232
16.9421215057373
17.2944049835205
17.020528793335

14.9264335632324

Figure 9: Output of the request in JSON format made by API.

[ O
{8
"value":11.9082612991333,
"date":"2018-06-01",
"time":"00:00:00",
"variable":"TP2ZM",
"lat":"-28.224999999999998",
"lng":"-52.474999999999994"
}
{B
"value":10.259069442749,
"date":"2018-07-01",
"time":"00:00:00",
"variable":"TP2ZM",
"lat":"-28.224999999999998",
"lng":"-52.474999999999994"
}
]
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A busca por dados de mudangas climdticas, por parte de pesquisadores, entidades
governamentais ou empresas privadas, é uma demanda recorrente que é dificultada
pela forma de acesso a este tipo de informagdes, devido, principalmente, a

complexidade de se trabalhar e disponibilizar estes dados, que muitas vezes
Termos para indexagio: podem superar os terabytes de tamanho. A plataforma PROJETA visa automatizar

dados climéticos o processo de extracdo e disponibilizacio dos dados das projegdes climéticas

base de dados espacial regionalizadas para a América do Sul, por meio do modelo regional Eta, geradas pelo

internet CPTEC/INPE. O processo de tratamento e conversdo dos dados, que antes era feito
de forma manual e complexa, agora possui acesso a um amplo e irrestrito conjunto
de diversas varidveis climéticas, disponiveis aos diferentes usudrios via Web ou API,
de forma flexivel quanto ao formato e ao volume de dados. Para tanto, a plataforma
dispde de uma base de dados com novas projecdes que utilizam diferentes modelos
climaticos globais, integrando tecnologias que possibilitam o acesso ao banco de
dados de forma 4gil e facil, para posterior utilizagdo em aplicagdes que necessitam

destes conjuntos de dados climaticos.

© 2018 SBAgro. Todos os direitos reservados.

REFERENCIACAO HOLBIG, C. A.; MAZZONETTO, A.; BORELLA, F.; PAVAN, W.; FERNANDES]. M. C.; CHAGAS, D. J.; GOMES, J.
L.; CHOU, S. C. PROJETA platform: accessing high resolution climate change projections over Central and
South America using the Eta model. Agrometeoros, Passo Fundo, v.26, .1, p.71-81, 2018.

Agrometeoros, Passo Fundo, v.26, n.1, p.71-81, jul 2018. 81



