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RESUMO

A Indicagio Geografica (IG) é um importante instrumento de valorizagao territorial e diferenciagdo de produtos agroalimentares com
caracteristicas especificas associadas a sua origem. Neste contexto, esta dissertagdo teve como objetivo identificar agrupamentos de
municipios produtores de mandioca no estado do Rio de Janeiro com caracteristicas edafoclimaticas semelhantes, por meio da utili-
zacdo de geotecnologias e Andlise de Componentes Principais (ACP), visando fornecer uma justificativa técnica para a potencial
obtenc¢do de uma IG coletiva. Foram utilizadas as variaveis edafoclimaticas de precipitacio, temperatura, relevo e tipos de solo. A
partir da ACP, foi possivel reduzir a dimensionalidade dos dados e, por meio da estatistica de agrupamento, identificar padrdes de
similaridade entre os municipios analisados. Como resultado, foram definidos trés grupos: Grupo 1, composto por Duque de Caxias,
Magé, Guapimirim, Cachoeiras de Macacu, Silva Jardim e Casimiro de Abreu; Grupo 2, com Sao Francisco de Itabapoana, Campos
dos Goytacazes e Quissama; e Grupo 3, formado por Rio de Janeiro, Nova Iguacu e Japeri. Esses agrupamentos revelam a existéncia
de territorios com semelhancas edafoclimaticas, o que fortalece o argumento para a utilizacido de geotecnologias no auxilio a elabora-
¢do da documentacio para pedidos de IG, baseado em critérios técnicos e cientificos. Conclui-se que a metodologia aplicada pode
servir como base para estudos iniciais de potencialidade de 1G para produtos agroalimentares.

Palavras-chave: indica¢io de procedéncia; denominagio de origem; farinha de mandioca; regido produtora; seguranga alimentar.

ABSTRACT

The Geographical Indication (GI) is an important instrument for territorial valorization and differentiation of agri-food products
with specific characteristics associated with their origin. In this context, this dissertation aimed to identify clusters of cassava-produc-
ing municipalities in the state of Rio de Janeiro with similar edaphoclimatic characteristics through the use of geotechnologies and
Principal Component Analysis (PCA), secking to provide a technical justification for the potential acquisition of a collective GI.
Edaphoclimatic variables of precipitation, temperature, relief, and soil types were used. Through PCA, it was possible to reduce data
dimensionality and, using cluster statistics, identify similarity patterns among the analyzed municipalities. As a result, three groups

A | d|
Submiss&o: 31/03/2026 go Aceite: 23/04/2026 g@ Publicacdo: 18/06/2026

v.15,n.2, 2026 « p. 447-467. « DOI http://dx.doi.org/10.21664/2238-8869.2026v14i4.8765

© 2021 by the authors. Esta revista oferece acesso livre imediato ao seu contetido, seguindo o principio de que disponibilizar gratuitamente o
conhecimento cientifico ao publico proporciona maior democratizagdo mundial do conhecimento. Este manuscrito € distribuido nos termos da ‘ @ ® @

licenga Creative Commons — Atribuicdo - NaoComercial 4.0 Internacional (https://creativecommons.org/licenses/by-nc/4.0/legalcode), que per-
mite reproduzir e compartilhar o material licenciado, no todo ou em parte, somente para fim ndo comercial; e produzir, reproduzir, e compartilhar
material adaptado somente para fim ndo comercial.


http://periodicos.unievangelica.edu.br/fronteiras/
mailto:fcarfreitas@yahoo.com
mailto:getulio.floresta@gmail.com
mailto:getulio.floresta@gmail.com
file:///C:/Users/Maryana.Melo/Downloads/claubert.menezes@ifnmg.edu.br
file:///C:/Users/Maryana.Melo/Downloads/claubert.menezes@ifnmg.edu.br

Geographical Indication Clustering for Cassava: Producing Mu-nicipalities in Rio de Janeiro State Based on Edaphoclimatic
448 ﬁa{“ Simi-larities Using Geotechnologies
W\ Catherine Siqueira Alves Xavier, Sady Junior Martins da Costa de Menezes, Fabio Cardoso de Freitas, Gettlio Fonseca Do-

mingues, Claubert Wagner Guimaraes de Menezes

were defined: Group 1, composed of Duque de Caxias, Magé, Guapimirim, Cachoeiras de Macacu, Silva Jardim, and Casimiro de
Abreu; Group 2, consisting of Sdo Francisco de Itabapoana, Campos dos Goytacazes, and Quissama; and Group 3, formed by Rio
de Janeiro, Nova Iguacu, and Japeri. These clusters reveal the existence of territories with edaphoclimatic similarities, which strength-
ens the argument for using geotechnologies to aid in the preparation of documentation for GI applications, based on technical and
scientific criteria. It is concluded that the applied methodology can serve as a foundation for initial studies on the GI potential of
agri-food products.

Keywords: indication of provenance; designation of origin; cassava flour; producing region; food security.Introduc-
tion

Introduction

Cassava (Manihot esculenta - Euphorbiaceae) is one of the most important crops for global food security and
the socioeconomic development of several regions in the southern hemisphere. Considered by the United Na-
tions (UN) as the "food of the 21st century," cassava is a significant energy source for millions of vulnerable
people due to its high caloric value, hardiness, and adaptability to different soil and climate conditions (FAO
2020).

In 2023, cassava was cultivated in 99 countries, with a production of over 338 million tons of fresh cassava.
The largest producer was Nigeria, with over 62 million tons, followed by the Democratic Republic of Congo,
Thailand, Ghana, and in fifth place, Brazil, with a production of over 18 million tons (FAOSTAT 2023).

In Brazil, cassava is the third-largest agricultural product in terms of quantity produced (tons), behind only
soybeans and corn, and the second in average yield (kilograms per hectare), behind only oranges. The states
with the highest production value in 2023 were Para and Parand, with over 4 and 3 billion reais, respectively
(IBGE 2023).

In the state of Rio de Janeiro, cassava production maintains relevance both for subsistence and regional
commercialization. According to the latest Agricultural Census (2017), there are 10,645 cassava-producing es-
tablishments in the state, many of which are managed by family farmers, where traditional knowledge has been
passed down through generations (Paes e Zappes 2016). Although agriculture has a small share in the state's
GDP, it strongly impacts the subsistence of Rio de Janeiro's population, which already exceeds 16 million
inhabitants IBGE 2022). In 2023, 12,168 hectares of planted area were recorded, with 164,623 tons produced
and a production value exceeding 249 million reais IBGE 2023).

The municipality of Sao Francisco de Itabapoana is the largest cassava producer in the state of Rio de
Janeiro, followed by the capital, Rio de Janeiro, and Cachoeiras de Macacu. This municipality has a long history
with cassava cultivation, dating back to the first half of the 20th century, a period when it experienced its peak,
and has since been tied to the cultural identity of Sao Francisco (Gantos 2013). Currently, it is the municipality
in Rio de Janeiro state closest to obtaining a Geographical Indication (GI) for cassava flour, with government
and university partnerships for studying and aligning requirements and documents (Prefeitura Municipal de Sao
Francisco de Itabapoana-R] 2025).

Indication of Provenance (IP) and Designation of Origin (DO) in Brazilian legislation are part of Gls,
aimed at protecting notable products and services that have become known or that possess specific character-
istics linked to the location. The National Institute of Industrial Property (INPI) is responsible for registering
and recognizing Gls, aiming to identify and value Brazilian regional products. The implementation of a GI is
an important collective tool for valuing products with unique characteristics linked to their place of origin and
the producer's traditional knowledge. It also promotes producer unity through the creation of cooperatives,
protects the environment through the adoption of conservationist agricultural practices, and boosts rural tour-
ism (Arruda 2021; Paulo 2023; INPI 2025a).

However, obtaining GI registration requires the submission of a series of documents. According to Article

15 of INPI Otdinance No. 4/2022, these are: "technical specifications booklet; power of attorney; proof of the
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applicant's legitimacy; documents proving that the geographical name has become known (in the case of IP) or
that prove the influence of the geographical environment on the qualities or characteristics of the product or
service (in the case of DO); official instrument delimiting the geographical area; and representation of the GL."
Regarding geographical delimitation, it is not necessary to respect political-administrative boundaries; it may
encompass parts of a municipality or even municipalities from another state, if their similarity in terms of
reputation or edaphoclimatic characteristics is proven (INPI 2025b).

In this context, the use of geotechnologies can be an interesting methodology to assist in delimiting the
scope area of a GI, especially when seeking technical justification for including different municipalities or re-
gions. The choice of this approach is justified by the growing demand for analytical tools that allow territorial
characterization based on edaphoclimatic data, as well as the proven effectiveness of using PCA in studies that
applied it to meteorological and environmental data (Amanajas e Braga 2012; Moura et al. 2018; Lima et al.
2024).

Therefore, the objective of this study was to conduct an edaphoclimatic analysis (precipitation, temperature,
elevation, and soil) of the fifteen municipalities representing the four main cassava-producing micro-regions in
the state of Rio de Janeiro, aiming to identify clusters and similar areas that could technically justify the potential
for obtaining a GI for a group of cassava-producing municipalities, highlighting the use of geotechnologies as

a scientific tool for this purpose.
Materials and Methods

Study Area

The study area of this work is located in the state of Rio de Janeiro, encompassing fifteen municipalities:
Sio Francisco de Itabapoana, Campos dos Goytacazes, Quissama, Casimiro de Abreu, Silva Jardim, Araruama,
Cachoeiras de Macacu, Tangua, Sumidouro, Guapimirim, Magé, Duque de Caxias, Nova Iguacu, Japeri, and
the capital, Rio de Janeiro. These municipalities were grouped into four distinct micro-regions: Campos dos

Goytacazes, Cachoeiras de Macacu, Sumidouro, and Rio de Janeiro (Figure 1).
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Cartographic Base: IBGE (2022)

Figure. 1. Map of the micro-regions of the study area. Source: prepared by the authors.

The municipalities chosen are those that had a production value exceeding 3.5 million reais in the year
2023 (Table 1). The municipality of Sao Francisco de Itabapoana achieved the highest revenue in the state,
followed by Rio de Janeiro and Cachoeiras de Macacu, in second and third place, respectively (IBGE 2024b).

Table 1. Cassava production value, in reais (R$ currency), in 2023.

Municipalities Production (BRL)
Sao Francisco de Itabapoana 55,672,000
Rio de Janeiro 48,015,000
Cachoeiras de Macacu 19,038,000
Casimiro de Abreu 11,476,000
Duque de Caxias 11,070,000
Silva Jardim 10,541,000
Magé 8,424,000
Guapimirim 7,432,000
Nova Iguagu 6,895,000
Tangua 6,341,000
Japeri 6,268,000
Sumidouro 6,087,000
Araruama 5,147,000
Quissama 3,784,000
Campos dos Goytacazes 3,534,000

Source: IBGE (2023).
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The fifteen municipalities together cover an area of 12,439.42 km? and have a population of 9,032,723
inhabitants (Table 2), which represents 56.26% of the state of Rio de Janeiro's population, according to IBGE
(IBGE 2022, 2024a). This percentage highlights the strategic relevance of cassava production in this region,

considering that more than half of the state's population is potentially impacted by cassava cultivation.

Table 2. Population and area of the studied municipalities.

Municipalities Population (2022 Census) Area (km?)
Séo Francisco de Itabapoana 45,059 1,118.037
Campos dos Goytacazes 483,540 4,032.487
Quissama 22,393 719.643
Casimiro de Abreu 46,110 462.918
Araruama 129,671 638.276
Silva Jardim 21,352 937.755
Cachoeiras de Macacu 56,943 954.749
Sumidouro 15,206 413.407
Tangua 31,086 143.007
Guapimirim 51,696 358.443
Magé 228,127 390.775
Rio de Janeiro 6,211,223 1200.33
Duque de Caxias 808,161 467.319
Nova Iguagu 785,867 520.581
Japeri 96,289 81.697

Source: IBGE (2022, 2024b).

Campos dos Goytacazes Micro-Region

In the Campos dos Goytacazes micro-region, located in the Northern Fluminense region, are the munici-
palities of Sao Francisco de Itabapoana, Campos dos Goytacazes, and Quissama, situated approximately be-
tween latitudes 21.195° and 22.234° South and between longitudes 40.958° and 41.888° West. In the UTM
(Universal Transverse Mercator) plane coordinate system, they are located in zone 24 South. According to the
Koppen climate classification (Alvares et al. 2013), these have Aw-type climate, tropical with dry winter.

Altitudes in this region range from 0 to 200 meters for the most part, except for a small area where the
Desengano State Park Conservation Unit is located, which reaches altitudes above 1,600 meters, in the south-
western portion of Campos dos Goytacazes municipality and due to the presence of Residual Mountain Es-
carpments in the northwestern portion (Catanhede e Amorim 2016). Land cover in these municipalities to-

gether is predominantly agriculture and pasture (MapBiomas 2023).

Data Collection

The present study used as data sources the Brazilian Institute of Geography and Statistics IBGE), the
National Institute for Space Research (INPE), the National Institute of Meteorology (INMET), and the Na-
tional Water Agency (ANA).
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The IBGE website provides free access to the Digital Municipal Mesh (MMD), from which the shapefiles
of the state of Rio de Janeiro and the municipalities studied in this work were extracted. The MMD provides
data, in vector digital format, of municipalities, states, and regions, and this information is updated annually,
according to IBGE (IBGE 2025).

Elevation data were obtained through Digital Elevation Model (DEM) images, made available by INPE,
produced from Shuttle Radar Topography Mission (SRTM) data, a space mission that used two radar antennas
to collect elevation data from 80% of the Earth's globe (EARTHDATA, 2000). Soil shapefiles for all of Brazil
were also collected from the IBGE website. Through this document, it was possible to identify the soil types
of each municipality studied.

The 10-year historical series of precipitation data were obtained from rainfall stations on the Hidroweb
website, belonging to ANA, and the 3-year historical series of temperature data were obtained from automatic
rainfall stations on the INMET website. In total, 43 rainfall stations operated by the Geological Survey of Brazil
(SGB) and 18 INMET stations were used, totaling 61 stations.

Data Analysis

The development of the work occurred in four stages: data acquisition via the internet, data processing
using Excel (Office 365 Package) and QGIS 3.34.13 software, data normalization in a spreadsheet using Excel
(Oftice 365 Package), statistical application of Principal Component Analysis (PCA), and cluster statistics using
PAST 4.03 software.

Multiple 1inear Regression

On the Hidroweb website, the 10-year historical series (2015 to 2024) from 43 rainfall stations was down-
loaded; however, failures are common at some point during the year in these types of stations. To address this
situation, gap filling at the monthly level was performed using the simple linear regression method, for stations
with gaps that had only one neighboring station, and multiple linear regression, for stations with gaps that had
two or more neighboring stations.

The regressions were performed in Microsoft Excel software using the data analysis tool, and with the
generated statistical data, the estimated precipitation values were calculated using the simple linear equation
(Equation 1) and multiple linear equation (Equation 2), depending on the number of neighboring stations with

complete data.

y = a+px(1)

Where: y = precipitation of the station to be estimated; « = regression constant; 3 = estimated coefficient

of the precipitation from the support station; and x = precipitation value recorded at the support station.

y=a+ Bi-x1+ ..+ Bn-x,(2)

Where: y = precipitation of the station to be estimated; o = regression constant; 31,...,8n = estimated
precipitation coefficient for each support station; and xy, ..., xn = precipitation value recorded at each support
station.
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QOGIS Software
Precipitation and Temperature Rasters

In QGIS 3.34.13 software, the Coordinate Reference System (CRS) was configured to SIRGAS2000
(EPSG: 4674). Through the data source manager, meteorological information was added and organized into a
point shapefile (Figure 2).

For the generation of rasters with minimum and maximum values of average annual precipitation (Figure
3) and average annual temperature (Figure 4) for each municipality, interpolation was first performed using the
Inverse Distance Weighting (IDW) Method, applied to the representative points of the rainfall stations in the

state of Rio de Janeiro, and subsequently, clipping was performed for each municipality.

Legend

» SGB stations
® INMET stations
Studied municipalities

21°0'S

22°0'S

Reference System: SIRGAS2000
Geographic Coordinates
Cartographic Base: IBGE (2022)
Data source: INMET (2025)
HIDROWEB (2025)
Google Satellite imagery

Prepared by Catherine S. A. Xavier

23°0'S

Atlantic Ocean

40 0 40 80 120 160 km
-—— — —

Graphic Scale

Location Map

Figure. 2. Map of the rainfall stations used in the study. Source: prepared by the authors.
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Figure. 4. Map of average annual temperature over 3 years for the studied municipalities. Source: prepared by the authors.
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Digital Elevation Model

In this stage, seven images (Figure 5) captured by SRTM and made available by INPE were used, namely:
a) 21842 ZN; b) 215435 ZN; ¢) 21845 ZN; d) 22542 ZN; e) 225435 ZN; f) 235435 ZN; and g) 23545 ZN.

45°W 44°W 43°W 42°W 41°W 40°W

>
PAREREWA 21842 ZN

: 74
," - 22845 ZN

77

é’

23S45 7ZN PREZREWAN

Legend

Rio de Janeiro State

Figure 5. Images used for the Digital Elevation Model. Source: prepared by the authors.

The images were imported into the GIS, in QGIS software, reprojected to the SIRGAS2000 reference
system (EPSG: 4674), and merged into a single image using the "Mosaic" command. Subsequently, with the
"Clip raster by mask layer" command, it was possible to obtain the minimum and maximum elevations of the

studied municipalities (Figure 6 and Figure 7).

43°30'W 42°30'W

Atlantic Ocean

Legend
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Graphic Scale
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Il > 1750.1

Prepared by Catherine S. A. Xavier

Figure 6. Digital Elevation Model of the studied area located in zone 23 south. Source: prepared by the authors.
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Figure 7. Digital Elevation Model of the studied area located in zone 24 south. Source: prepared by the authors.

Pedological Map

The soil data for Brazil, in shapefile format, were imported into the GIS and, already in the SIRGAS2000
reference system (EPSG: 4674), were clipped for each of the fifteen municipalities. Subsequently, the percent-
age of each soil type present in the area corresponding to each municipality was calculated. After this, the
pedological map of the municipalities studied in this work was generated (Figure 8).
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Atlantic Ocean
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[ Acrisol (Chromic) Graphic Scale Location Map
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£ Gleysol Geographic Coordinates
[ Ferralsol Cartographic Base: IBGE (2022)
Bl Body of water Data source: IBGE (2006)
[ Fluvisol Google Satellite imagery
[ Planosol Prepared by Catherine S. A. Xavier

Figure 8. Pedological Map of the Studied Area. Source: prepared by the authors.
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Spreadsheet
Averages and Percentages

Using the minimum and maximum values obtained from the IDW interpolation for each municipality, the
averages of annual precipitation from 2015 to 2024, average annual temperatures from 2022 to 2024 (Table 3),
and elevation (Table 4) were calculated.

Table 3. Average values, by municipality, of annual precipitation and average annual temperature.

Average Annual Precipitation (mm) Average Annual Temperature (°C)

Municipalities

Source: prepared by the authors.

Minimum Maximum Mean Minimum Maximum Mean
Sao Francisco de Itabapoana 986.30 1,143.90 1,065.10 23.55 24.01 23.78
Campos dos Goytacazes 691.20 1,381.90 1,036.55 21.69 24.42 23.055
Quissami 829.50 1,254.60 1,042.05 22.76 243 23.53
Casimiro de Abreu 1,757.40 3,269.30 2,513.35 22.31 23.11 22.71
Araruama 1,799.20 2,151.50 1,975.35 22.85 23.31 23.08
Silva Jardim 1,660.10 3,290.90 2,475.50 20.82 23.43 22.125
Cachoeiras de Macacu 1,399.10 3,651.40 2,525.25 17.74 23.07 20.41
Sumidouro 1,410.10 1,731.40 1,570.75 18.3 22.84 20.57
Tangué 1,648.80 1,779.80 1,714.30 22.85 23.58 23.22
Guapimirim 1,399.00 1,569.00 1,484.00 21.85 23.85 22.85
Magé 1,425.30 1,500.30 1,462.80 22.86 23.87 23.37
Rio de Janeiro 1,509.00 1,586.50 1,547.75 23.28 24.51 23.895
Duque de Caxias 1,389.00 1,520.90 1,454.95 23.37 23.85 23.61
Nova Iguacu 1,431.90 1,549.60 1,490.75 23.23 23.85 23.54
Japeri 1,476.80 1,510.60 1,493.70 23.37 23.81 23.59
Source: prepared by the authors.
Table 4. Average elevation values, by municipality.
S Elevation (m)
Municipalities — :
Minimum Maximum Mean
Sao Francisco de Itabapoana 0 113.86 56.93
Campos dos Goytacazes 0 1627.39 813.70
Quissama 0 7217 36.09
Casimiro de Abreu 2.73 1,139.53 571.13
Araruama 0 114.19 57.10
Silva Jardim 3.32 1,499.82 751.57
Cachoeiras de Macacu 2.20 2,219.21 1,110.71
Sumidouro 267.26 1,414.82 841.04
Tangua 16.41 855.44 417.09
Guapimirim 0 2,209.61 1,104.81
Magé 0 2,169.14 1,084.57
Rio de Janeiro 0 910.09 455.05
Duque de Caxias 0 1,470.25 735.13
Nova lguagu 2.36 1,453.03 727.70
Japeri 15.09 504.27 259.68
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Table 5. Percentage values of the area occupied by each soil type.
Soils (%)
PA PV PVA CX ESK GX LVA MA RY SX
Sao Francisco de Itabapoana 55.25  0.00 057 000 1537 0.00 2767 113 0.00 0.00
Campos dos Goytacazes 33.57 034 1557 0.00 282 1794 9.88 739 1249 0.00

Municipalities

Quissama 26.89  0.00 0.00 000 40.71 2517 000 723 0.00 0.00
Casimiro de Abreu 14.27  0.00 001 81.89 383 000 000 000 0.00 0.00
Araruama 0.00  0.00 3299 1061 550 0.00 0.00 6.58 0.00 44.33
Silva Jardim 0.00  0.00 28.02 7198 0.00 0.00 0.00 0.00 0.00 0.00
Cachoeiras de Macacu 0.00 0.00 3691 62.25 0.00 0.00 0.83 0.00 0.00 0.00
Sumidouro 0.00 18.58 000 025 000 000 81.18 0.00 0.00 0.00
Tangua 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Guapimirim 0.00  0.00 5434 4566 0.00 0.00 0.00 0.00 0.00 0.00
Magé 0.00 0.00 3547 6453 0.00 0.00 0.00 0.00 0.00 0.00

Rio de Janeiro 3.61 0.00 6833 0.00 144 0.00 0.00 0.00 0.00 26.62
Duque de Caxias 0.00 0.00 1097 89.03 0.00 000 000 000 0.00 0.00
Nova Iguacu 0.00 0.00 68.34 1833 0.00 0.00 0.00 0.00 0.00 13.33
Japeri 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Source: prepared by the authors.

From the total area values of each municipality and the areas corresponding to each soil type, obtained
from the attribute tables in QGIS software, it was possible to calculate the percentage of each soil class (Table
5).

Data Normalization

The normalization of average annual precipitation, average annual temperature, average elevation, and soil
data was performed using the z-score technique by Altman (1968), Equation 1, with mean equal to zero and

standard deviation equal to one, which was also used by other authors for normalization of meteorological data
(Guimaraes et al. 2013; Ghag et al. 2024).

Where: X is the original data, X is the mean of the data series, and is the standard deviation of the data
series.

This normalization method was chosen because the data used in this work have different units (millimeters,
degrees Celsius, meters, and percentages) which would hinder PCA from finding the most significant data.
Through prior data normalization, each variable contributes equally, as the variance of the data is standardized
to a unit value (Alves 2019).

PAST
PAST (Paleontological Statistics) is a free statistical software developed by Hammer, Harper, and Ryan

(2001) aimed at statistical analysis of paleontological data. Through this software, it is possible to perform data

plotting, basic statistics, multivariate analyses, geometric analyses, time series analyses, among others. It offers
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an interface similar to spreadsheets, facilitating the use of the program. In the present work, PAST software
was used to perform PCA and clustering of its results. It was chosen due to its ease of use and because it is a
free program.

First, the normalized data were entered into PAST software. Then, PCA was performed using the Multi-
variate, Ordination, and Principal components (PCA) commands. Subsequently, Matrix Correlation was chosen,
and the data were recomputed. After PCA, the results were presented through tables and graphs.

For clustering the PCA results, the columns with the scores values, which represent the principal compo-
nent value for each municipality, were entered into PAST software. The statistical clustering procedure must
be performed individually for each obtained principal component. After entering the data column, clustering
was performed using the Multivariate, Clustering, and Classical commands. Then, the Paired group (UPGMA)

algorithm and the Euclidean similarity index were chosen. The results were presented in dendrogram format.

Results and Discussion

Through PCA, Principal Component 1 (PC1) explained 33.57% of the data, Principal Component 2 (PC2)
explained 21.07%, Principal Component 3 (PC3) explained 13.97%, and Principal Component 4 (PC4) ex-
plained 10.56%, together they explained 79.17% of the data variability. Guedes et al. (2012) explain that PC1
will always seek to explain the maximum variability of all data, and what it does not explain will be explained in
the subsequent PCs. The variables located at the extremes in Figure 9, farthest from the center (0,0), are those
most explained by PC1 on the x-axis and by PC2 on the y-axis, whether positive or negative. Through cluster

statistics, the data were separated into groups (Figure 9).
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Fig 9. PCA plots (PC1 and PC2): a - score; b - loading. Note: SFI — Sao Francisco de Itabapoana; CG — Campos dos Goytacazes; Q — Quissamé; CA —
Casimiro de Abreu; SJ - Silva Jardim; A — Araruama; CM — Cachoeiras de Macacu; S — Sumidouro; T — Tangua; G — Guapimirim; M — Magé; DC — Duque
de Caxias; NI — Nova Iguagu; J — Japeri; RJ - Rio de Janeiro; PMA — Average Annual Precipitation; TMA — Average Annual Temperature; EM — Average
Elevation; PA — Xanthic Acrisol; PV — Rhodic Acrisol; PVA — Chromic Acrisol; CX — Cambisol; ESK — Podzol; GX — Gleysol; LVA - Ferralsol; MA — Water
Body; RY - Fluvisol; SX — Planosol. Source: Prepared by the authors.
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Figure 10. Figure 10. Data dendrograms: a) PC1 and b) PC2. Note: SFI — S&o Francisco de Itabapoana; CG — Campos dos Goytacazes; Q — Quissama;
CA - Casimiro de Abreu; SJ - Silva Jardim; A — Araruama; CM — Cachoeiras de Macacu; S — Sumidouro; T — Tangua; G — Guapimirim; M — Magé; DC -

Duque de Caxias; NI — Nova Iguagu; J — Japeri; RJ — Rio de Janeiro. Source: Prepared by the authors.

In Figure 9, referring to PC1, SFI, CG, and Q showed a positive association with each other and a negative
association with CA, M, S, G, DC, §J, and CM. In Figure 9-b, there is a positive correlation between PMA and
EM and a negative correlation of these with TMA. Regarding soils, PA, RY, GX, ESK, and MA showed a
positive correlation, opposite to CX. The municipalities T, NI, R], J, and A presented values close to zero,
indicating that they were not well explained by PC1.

Analyzing the results of Figures 9-a and 9-b together, it is observed that the municipalities SFI, CG, and
Q showed a higher correlation with TMA and with the soils PA, RY, GX, ESK, and MA, and a lower correlation
with PMA and EM, while CM, SJ, M, G, CA, DC, T, and NI showed a higher correlation with PMA, EM, and
with CX soil.

In PC2, S does not show a positive correlation with other municipalities, only with PV and LVA soils and
a low correlation with TMA. The municipalities T, NI, J, RJ, and A have a positive correlation with PVA and
SX soils and with TMA. Table 6 shows the score values, and Table 7 shows the loadings. Figure 11 shows the
PC3 and PC4 plots, followed by Figure 12 with the formed groups.
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Table 6. Score values (PC1 and PC2).

Municipalities CP1 CP2

Sao Francisco de Itabapoana 2.55 0.61
Campos dos Goytacazes 3.42 1.23
Quissama 493 0.21
Casimiro de Abreu -1.16 0.03
Araruama 0.90 -1.46

Silva Jardim -1.89 -0.05
Cachoeiras de Macacu -2.54 0.73
Sumidouro -1.32 5.10
Tangua -0.62 -1.22
Guapimirim -1.26 -0.31
Magé -1.19 -0.35

Rio de Janeiro -0.03 -1.60
Duque de Caxias -0.95 -0.38
Nova Iguacu -0.61 -1.13
Japeri -0.25 -1.43

Source: prepared by the authors.

Table 7. Loading values (PC1 and PC2).

Variables CP1 CP2
PMA -0,33 -0,04
TMA 0,23 -0,42
EM -0,31 0,18
PA 0,36 0,12
PV -0,08 0,52
PVA -0,15 -0,37
CX -0,28 -0,05
ESK 0,38 0,03
GX 0,39 0,09
LVA 0,00 0,54
MA 0,39 0,02
RY 0,22 0,12
SX 0,04 -0,24

Source: prepared by the authors.
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Figure 11. PCA plots (PC3 and PC4): a - score; b - loading. Note: SFI — S&o Francisco de ltabapoana; CG — Campos dos Goytacazes; Q — Quissama; CA

— Casimiro de Abreu; SJ - Silva Jardim; A — Araruama; CM — Cachoeiras de Macacu; S — Sumidouro; T — Tangua; G — Guapimirim; M — Magé; DC — Duque

de Caxias; NI — Nova Iguagu; J — Japeri; RJ — Rio de Janeiro; PMA — Average Annual Precipitation; TMA — Average Annual Temperature; EM — Average

Elevation; PA — Xanthic Acrisol; PV — Rhodic Acrisol; PVA — Chromic Acrisol; CX — Cambisol; ESK — Podzol; GX — Gleysol; LVA - Ferralsol; MA — Water
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Figure 12. Data dendrograms: a) PC3 and b) PC4. Note: SFI - S&o Francisco de Itabapoana; CG — Campos dos Goytacazes; Q — Quissamé; CA —

Casimiro de Abreu; SJ - Silva Jardim; A — Araruama; CM — Cachoeiras de Macacu; S — Sumidouro; T — Tangua; G — Guapimirim; M — Magé; DC — Duque

de Caxias; NI — Nova Iguagu; J — Japeri; RJ — Rio de Janeiro. Source: Prepared by the authors.

In PC3, Figure 11, the municipalities CA, CM, CG, §J, DC, and M showed a positive association with each
other and a negative association with A, RJ, T, J, and S. Analyzing the results of Figures 11-a and 11-b together,
it is observed that the municipalities CA, CM, CG, §J, DC, and M showed a higher correlation with PMA and
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EM, low correlation with TMA, and have correlation with PA, RY, GX, CX, ESK, and MA soils, while A, R],
T, J, and S show a positive correlation with PV, PVA, SX, and LVA soils.

In PC4, CG has a positive correlation with PVA and RY soils, with EM, and low correlation with PMA.
The municipalities Q, CA, A, SJ, and SFI have a positive correlation with ESK, CX, and SX soils and with
PMA. Table 8 shows the score values, and Table 9 shows the loadings.

Table 8. Score values (PC3 and PC4).

Municipalities CP3 CP4

Sao Francisco de Itabapoana -0.61 -0.95
Campos dos Goytacazes 1.70 2.83
Quissama 0.69 -1.62
Casimiro de Abreu 1.54 -1.51
Araruama -1.64 -1.27

Silva Jardim 1.20 -0.77
Cachoeiras de Macacu 1.42 -0.45
Sumidouro -2.15 -0.03
Tangua -1.07 0.87
Guapimirim 0.54 0.79
Magé 0.92 0.49

Rio de Janeiro -1.61 0.31
Duque de Caxias 1.16 -0.27
Nova Iguagu -0.75 0.68
Japeri -1.32 0.88

Source: prepared by the authors.

Table 9. Loading values (PC3 and PC4).

Variaveis CP3 CP4
PMA 0.16 -0.34
TMA -0.07 0.10
EM 0.33 0.36
PA 0.14 -0.07
PV -0.32 0.00
PVA -0.30 0.40
CX 0.51 -0.24
ESK 0.07 -0.41
GX 0.24 0.07
LVA -0.32 0.00
MA 0.08 0.00
RY 0.26 0.57
SX -0.38 -0.15

Source: prepared by the authors.
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In PC1, two groups of municipalities showed a higher correlation among their variables. The first group
consisted of the municipalities Sdo Francisco de Itabapoana, Campos dos Goytacazes, and Quissama, and the
second group consisted of Casimiro de Abreu, Silva Jardim, Cachoeiras de Macacu, Guapimirim, Magé, Duque
de Caxias, and Sumidouro. In PC2, the first group was formed by Japeri, Nova Iguacu, Rio de Janeiro, Tangua,
and Araruama, and in the second, the municipality of Sumidouro remained isolated. In PC3, the first group was
formed by Araruama, Tangua, Sumidouro, Rio de Janeiro, and Japeri, and the other by Casimiro de Abreu,
Silva Jardim, Cachoeiras de Macacu, Magé, Duque de Caxias, and Campos dos Goytacazes. In PC4, the first
group was formed by Casimiro de Abreu, Silva Jardim, Araruama, Quissama, and Sao Francisco de Itabapoana,
and in the second, the municipality of Campos dos Goytacazes remained isolated.

In the four PCs analyzed, groups formed by municipalities that, in some cases, do not share territorial
boundaries with each other were identified. In such situations, obtaining a Geographical Indication (GI) would
depend on a broad geographical delimitation encompassing all municipalities within the same area (INPI 2025b),
which represents an obstacle to the process. For this reason, municipalities that do not share a political-admin-
istrative boundary with at least one member of the group were disregarded. Figure 13 presents the groups
identified based on the adopted methodology, which exhibit similar edaphoclimatic characteristics.
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Figure 13. Map of groups with edaphoclimatic similarities. Source: prepared by the authors.

In this context, the strategic role that geoprocessing techniques can play in improving and standardizing
the process of delimiting areas for GlIs is highlighted. GIS tools, combined with multivariate statistical methods
such as PCA, enable the identification of spatial patterns based on environmental attributes, providing greater
scientific rigor, precision, and reproducibility to the analyses.

The use of geotechnologies allows technicians and evaluators to conduct more objective diagnoses of the
potential of a given area for obtaining a GI. Analysis based on georeferenced environmental data can serve as
an additional technical criterion to verify the pertinence or not of the proposed delimitation, increasing the

robustness of the technical documents submitted to INPI.
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It should be noted, however, that the application of technical and spatial criteria does not replace the
historical, cultural, productive, and social analyses, which are fundamental for the recognition of a GI. On the
contrary, the proposal presented here seeks to complement and strengthen the recognition process, adding a
technical-methodological instrument that can facilitate the identification of territories with potential for obtain-
ing a collective GI. Thus, it is argued that the adoption of geoprocessing techniques in the process of obtaining
GIs could represent a significant advance for the strengthening of this public policy in Brazil, contributing to

cultural preservation and the valorization of local production.

Final Considerations

The objective of this research was to identify, through the use of geotechnologies and principal component
analysis, clusters of cassava-producing municipalities with similar edaphoclimatic characteristics, as a technical
justification for the potential of obtaining a collective GI.

To this end, PCA achieved effective results, where the first four PCs explained more than 70% of the data,
and it was possible to identify three distinct clusters of municipalities with potential for obtaining a GI. The
first group, located in the Cachoeiras de Macacu and Rio de Janeiro micro-regions, comprises the municipalities
of Duque de Caxias, Magé, Guapimirim, Cachoeiras de Macacu, Silva Jardim, and Casimiro de Abreu. The
second group is located in the Campos dos Goytacazes micro-region and encompasses the municipalities of
Sio Francisco de Itabapoana, Campos dos Goytacazes, and Quissama. The third group is located in the Rio de
Janeiro micro-region and encompasses the municipalities of Rio de Janeiro, Nova Iguagu, and Japeri.

The results demonstrated that geographically close municipalities or those with similar edaphoclimatic
characteristics can be jointly considered in strategies for obtaining a GI. This approach contributes so that
technicians and specialists can apply the methodology in a clear, objective, and scientifically grounded manner,
allowing for a more precise assessment of the potential of a given area or product for GI recognition.

Therefore, the methodology adopted in this dissertation proved to be efficient in identifying areas with
potential for obtaining a collective Geographical Indication. It is expected that the results presented here may

inspire further research with other agri-food products.

References

Alvares, Clayton Alcarde, José Luiz Stape, Paulo Cesar Sentelhas, José Leonardo de Moraes Gongalves, e Gerd
Sparovek. 2013. “Ké6ppen’s Climate Classification Map for Brazil”. Meteorologische Zeitschrift 22 (6): 711-28.
https://doi.org/10.1127/0941-2948/2013/0507.

Alves, Gabriel Daiha. 2019. “Comparacao de métodos de decisio multicritério para fins de ranqueamento utili-
zando dados técnicos de jogadores de futebol”. Monografia (Engenharia de Controle e Automacao, Universidade
Federal do Rio de Janeiro. http://pantheon.uftj.br/handle/11422/17954.

Amanajas, Jonathan Castro, e Célia Campos Braga. 2012. “Padrées espago-temporal pluviométricos na Amazonia
Oriental utilizando analise multivariada”. Revista Brasileira de Meteorologia 27 (4): 423-34.
https://doi.org/https://doi.org/10.1590/S0102-77862012000400006.

v.15,n.2, 2026 « p. 447-467. « DOI http://dx.doi.org/10.21664/2238-8869.2026v14i4.8765



Geographical Indication Clustering for Cassava: Producing Mu-nicipalities in Rio de Janeiro State Based on Edaphoclimatic
466 ﬁa{“ Simi-larities Using Geotechnologies
W\ Catherine Siqueira Alves Xavier, Sady Junior Martins da Costa de Menezes, Fabio Cardoso de Freitas, Gettlio Fonseca Do-

mingues, Claubert Wagner Guimaraes de Menezes

Arruda, Paulo Roberto Lisboa. 2021. “Indicagdo Geografica como Promotora do Desenvolvimento Territorial
Sustentavel: Os Casos da Regiao do Vales da Uva Goethe e Banana da Regiao de Corupa”. Dissertacio de Mes-
trado (P6s-Graduagao em Propriedade Intelectual e Transferéncia de Tecnologia para Inovagao), Universidade

Federal de Santa Catarina.

Catanhede, V. P. P., e R. R. Amorim. 2016. “Uso e modelo digital de elevagao na analise morfométrica do relevo:
o estudo de caso do municipio de Campos dos Goytacazes-R]”. Trabalho em evento presented em XI
SINAGEO: Geomorfologia: compartimentagio de  paisagem, processo e dinamica. Anais.
https:/ /www.sinageo.org.br/2016/ trabalhos/6/6-13-255.html.

FAO. 2020. “A importancia da mandioca em Sao Tomé e Principe”. Food and Agriculture Organization of the
United Nations. https://www.fao.org/sao-tome-e-principe/noticias/detail-events/es/c/1266009.

FAOSTAT. 2023. “FAOSTAT: Value of Agriculture Production.” Food and Agriculture Organization.
https:/ /www.fao.org/faostat/en/#Hdata/QV.

Gantos, M. C. 2013. “Tipity, arqueologia de um sonho tropical”. Ciéncia da Informagao 43 (3).

Ghag, Kedar Surendranath, Amirhossein Ahrari, Anandharuban Panchanathan, et al. 2024. “Effect of long-term
climate signatures on regional and local potato yield in Finland”. Smart Agricultural Technology 7 (marco):
100411. https://doi.org/10.1016/j.atech.2024.100411.

Guimaraes, Pablo S., Layanna Zigiotto, Marinés Garcia, Maria J. Dellamano-Oliveira, Armando A. E. Vieira, e
Danilo Giroldo. 2013. “Phytoplankton Relationship with Bacterioplankton, Dissolved Carbohydrates and Water
Characteristics in a Subtropical Coastal Lagoon”. Journal of Limnology 72 (3): e45—¢45.
https://doi.org/10.4081/jlimnol.2013.e45.

Hammer, Oyvind, David A. T. Harper, e Paul D. Ryan. 2001. “PAST: Paleontological Statistics Software Package
for Education and Data Analysis”. Palacontologia Electronica 4 (1): 1-9.

IBGE. 2022. “Brasil | Cidades e Estados | IBGE”. Instituto Brasileiro de Geografia e Estatistica.
https:/ /www.ibge.gov.br/cidades-e-estados.

IBGE. 2023. “Produgao de Mandioca no Rio de Janeiro | IBGE”. Instituto Brasileiro de Geografia e Estatistica.
https:/ /www.ibge.gov.br/explica/producao-agropecuaria/mandioca/tj.

IBGE. 2024a. “Brasil | Cidades e Estados | IBGE”. Instituto Brasileiro de Geografia e Estatistica.
https:/ /www.ibge.gov.br/cidades-e-estados.

IBGE. 2024b. “Rio de Janeiro | Cidades e Estados | IBGE”. Instituto Brasileitro de Geografia e Estatistica.
https:/ /www.ibge.gov.br/cidades-e-estados/tj.html.

IBGE. 2025. “Malha Municipal Digital e Areas Territoriais: notas metodoldgicas. Rio de Janeiro, R]: IBGE —
Cootdenacao de Estruturas Tertitoriais, 20257, Instituto Brasileiro de Geografia e Estatistica. https://bibli-
oteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=2102169.

v.15,n.2, 2026 « p. 447-467. « DOI http://dx.doi.org/10.21664/2238-8869.2026v14i4.8765



Geographical Indication Clustering for Cassava: Producing Mu-nicipalities in Rio de Janeiro State Based on Edaphoclimatic
467 ﬁa{“ Simi-larities Using Geotechnologies
W\ Catherine Siqueira Alves Xavier, Sady Junior Martins da Costa de Menezes, Fabio Cardoso de Freitas, Gettlio Fonseca Do-

mingues, Claubert Wagner Guimaraes de Menezes

INPI. 2025a. “Manual de Indicagoes Geograficas: Indicagdo Geografica e espécies de registro”. Instituto
Nacional da Propriedade Intelectual. https://manualdeig.inpi.gov.br/projects/manual-de-indicacoes-geografi-
cas/wiki.

INPI. 2025b. “Manual de Indicagdes Geograficas: Instrumento oficial que delimita a area geografica”. Instituto
Nacional da Propriedade Intelectual. https://manualdeig.inpi.gov.bt/projects/manual-de-indicacoes-geografi-
cas/wiki/07_01_Requerente_Nacional#716-Instrumento-oficial-que-delimita-a-%C3%A1rea-ge-
ogr%C3%Alfica.

Lima, Ilale Ferreira, Maria Isabel Vitorino, e Layse Gomes Furtado. 2024. “Aplica¢ao da Analise de Componentes
Principais na Obtencao dos Padrdes de Clima e Cultura de Mandioca na Mesorregiao do Nordeste Paraense”.
Revista Verde Grande: Geografia e Interdisciplinaridade 6 (01): 125-45.
https://doi.org/10.46551/1vg2675239520241125145.

MapBiomas. 2023. “Projeto MapBiomas: Colegao 9 da Série Anual de Mapas de Cobertura e Uso da Terra do
Brasil.”” MapBiomas Brasil. https://plataforma.brasil. mapbiomas.org/cobertura.

Moura, Mauricio do Nascimento, Maria Isabel Vitorino, e Marcos Adami. 2018. “Analise de componentes prin-
cipais da precipitagao pluvial associada a produtividade de soja na Amazonia Legal”. Revista Brasileira de Clima-
tologia 22: 574-88. https://doi.org/10.5380/abclima.v22i0.55109.

Paes, Raquel da Silva, e Camilah Antunes Zappes. 2016. “Agricultura familiar no norte do estado do Rio de
Janeiro:  identificacado de manejo  tradicional”.  Sociedade &  Natureza 28  (3):  385-95.
https://doi.org/https://doi.org/10.1590/1982-451320160305.

Paulo, Richard Coelho de. 2023. “Avaliagao pos-registro da Indicagao de Procedéncia ‘Novo Remanso’ por meio
de indicadores de operacionalizacio”. Dissertacio (Mestrado em Propriedade Intelectual e Transferéncia de

Tecnologia para a Inovagio), Universidade Federal do Amazonas. https://tede.ufam.edu.br/handle/tede/10016.

Prefeitura Municipal de Sao Francisco de Itabapoana-R]. 2025. “Farinha de mandioca e abacaxi de Sao Francisco
receberdo laudo de Indica¢io Geografica nesta quinta (23)”. Prefeitura Municipal de Sdo Francisco de Itabapo-
ana-RJ. https://www.pmsfi.trj.gov.br/agricultura/item/2369-farinha-de-mandioca-e-abacaxi-de-sao-francisco-

receberao-laudo-de-indicacao-geografica-nesta-quinta-23.

v.15,n.2, 2026 « p. 447-467. « DOI http://dx.doi.org/10.21664/2238-8869.2026v14i4.8765




  y = 𝛼 + 𝛽 x ( 1 )


  y   =   𝛼   +   𝛽 ₁ · x ₁   +   …   +   𝛽 ₙ · x ₙ   ( 2 )


  Z =     X −     X -  s  

