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Resumen

La agricultura en Sinaloa desempefia un papel crucial, contribuyendo significativamente a la
economia agricola de México. En este estudio, basado en datos del SIAP para 2022, se emplearon técnicas
de ciencia de datos para analizar y evaluar la produccion agricola y su impacto econdémico en Sinaloa. A
través de un analisis exploratorio, se descubrio que cultivos como el maiz (Zea mays), sorgo (Sorghum
bicolor) y frijol (Phaseolus vulgaris) dominan en términos de area sembrada. Por otro lado, en cuanto a
volumen de produccion, el maiz (Zea mays) y la alfalfa (Medicago sativa) resaltan como los més
producidos. Es importante mencionar que, aunque el tomate (Solanum lycopersicum) no lidera en
extension o volumen, demostré ser econémicamente valioso, subrayando su importancia en el mercado
agricola. Un anélisis de correlacion revel6 una fuerte relacion entre el &rea sembrada y el volumen de
produccion, indicando que las grandes areas generalmente producen volimenes mayores. Adicionalmente,
usando la técnica de clustering, se segmentaron los cultivos en tres grupos distintos, que evidencian la
diversidad de la agricultura en Sinaloa. Estos grupos abarcan desde cultivos en pequefias parcelas hasta
cultivos comerciales a gran escala. Este estudio desentrafia las complejidades de la agricultura sinaloense,
subraya la importancia de ciertos cultivos y brinda informacién clave para futuros analisis y politicas

agrarias.

Palabras clave: Produccion Agricola en Sinaloa, Ciencia de Datos, Clustering.

Abstract

Agriculture in Sinaloa plays a crucial role, significantly contributing to Mexico's agricultural
economy. In this study, based on 2022 data from SIAP, data science techniques were used to analyze and
evaluate agricultural production and its economic impact in Sinaloa. Through exploratory analysis, it was
discovered that crops such as maize (Zea mays), sorghum (Sorghum bicolor), and beans (Phaseolus
vulgaris) dominate in terms of planted area. On the other hand, in terms of production volume, maize (Zea
mays) and alfalfa (Medicago sativa) stand out as the most produced. It is important to mention that,
although tomato (Solanum lycopersicum) does not lead in extent or volume, it proved to be economically
valuable, underlining its importance in the agricultural market. A correlation analysis revealed a strong

relationship between planted area and production volume, indicating that larger areas generally produce
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higher volumes. Additionally, using the clustering technique, crops were segmented into three distinct
groups, demonstrating the diversity of agriculture in Sinaloa. These groups range from small-scale plots
to large-scale commercial crops. This study unravels the complexities of Sinaloan agriculture, highlights
the importance of certain crops, and provides key insights for future analyses and agricultural policies.

Keywords: Agricultural Production in Sinaloa, Data Science, Clustering.

Introduction

Sinaloa, commonly recognized as the "breadbasket of Mexico" (Bojorquez and Fiscal, 2016), boasts
a rich agricultural tradition that has played a pivotal role in food security both locally and nationally
(Araujo, Ramirez, & Bautista, 2022). The blend of its diversified climate, favorable geography, and fertile
alluvial soils has established it as a stronghold in agricultural production, meeting the demand of both
domestic and export markets (Cota-Montes, Valenzuela-Losoya & Garcia-Lopez, 2023).

However, the agricultural tapestry of Sinaloa is as varied as it is complex. Each crop, with its unique
characteristics in terms of market demand, production costs, yields, and climate adaptability, outlines a
distinct set of challenges and opportunities for farmers and, consequently, for the state economy (Cuadras-
Berrelleza, 2021).

In an era where sustainability, operational efficiency, and the maximization of returns are imperatives
in the agricultural domain (Araujo & Ponce, 2023), it becomes essential to unravel the current dynamics
governing agricultural production in Sinaloa. Rigorous analysis becomes crucial since decisions based on
these analyses can have significant repercussions on the local economy and food security (Cuadras-
Berrelleza & Portillo-Molina, 2021). This study aims to explore Sinaloa's agricultural production during
2022, employing sophisticated data science techniques like Exploratory Data Analysis (Monsalve Solis,
2021), Descriptive Analysis (lbarra, 2022), Correlation Analysis (Hinojosa, De la Cruz & Espinoza,
2020), and Segmentation or Clustering techniques (Giménez, 2020) to unveil patterns, trends, and relevant
segmentations in the data provided by the Service of Agri-food and Fisheries Information (Hernandez &
Alcaraz, 2021).

With the support of advanced software and analytical tools like Python (Python Software Foundation,
2023), and specific libraries such as Pandas (McKinney, 2023), Seaborn (Waskom, 2023), Matplotlib
(Hunter, Afo), and Scikit-learn (Shahrin, 2020), this study aspires to provide a deeper understanding of

the agricultural dynamics in Sinaloa. By unraveling the relationships between key variables like the sown
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area, production volume, and production value, it seeks to offer valuable insights that can guide informed
agricultural decisions, sound government policies (Serra, 2021), and robust investment strategies, thus
ensuring that Sinaloa perpetuates its legacy as an agricultural pillar in Mexico. Moreover, the importance
of data preprocessing to manage inherent uncertainty and limitations in the analysis is acknowledged

(Represa, 2020), thus ensuring the accuracy and relevance of the findings (Lara, 2022).

Materials and Methods

A detailed understanding of any phenomenon or trend requires not only careful observation but also
a rigorous methodology. In the realm of agricultural research, this is even more essential, as decisions
based on these analyses can have significant repercussions on the economy, food security, and the well-
being of communities. This section outlines the tools, techniques, and procedures used to analyze and

evaluate agricultural production in Sinaloa during 2022.

Materials:

e Dataset: We worked with a dataset named "Cierre_agr_mun_2022.csv", which comes from the
Service of Agri-food and Fisheries Information (SIAP, 2022). This file provides a detailed view
of agricultural production in Mexico for the year 2022, comprising a total of 37,555 entries
distributed across 24 variables. From this dataset, specifically 846 entries corresponding to the
state of Sinaloa were extracted.

e Data Preprocessing: Before analysis, data cleaning was carried out to handle missing and outlier
values. Records with missing data were imputed using the mean method, while outliers were
identified and managed using the interquartile range (IQR) method.

e Software and Tools: Python was used for the analysis. Specific libraries include Pandas for data
manipulation, Seaborn and Matplotlib for visualization, and Scikit-learn for machine learning

techniques and statistical analysis.

Methods:
o Exploratory Data Analysis (EDA): An EDA was performed to understand the distributions and
relationships between variables. Outliers and missing values were identified and managed.

Distributions of key variables were visualized using histograms and density plots.
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Descriptive Analysis: Measures of central tendency and dispersion were calculated for the main
variables. This included the mean, median and standard deviation for variables such as area
planted, production volume and production value.

Correlation Analysis: A correlation matrix was generated to identify relationships between
variables. Strong correlations informed subsequent steps of the analysis and helped to identify
possible factors influencing production.

Segmentation or Clustering: The KMeans algorithm was used to segment the crops. The optimal
number of clusters was determined using the elbow method. The quality of segmentation was
validated using the silhouette metric.

Limitations: Despite the efforts made to ensure the accuracy of the analysis, there are intrinsic
limitations associated with the data set and techniques used. Missing data imputations, although
necessary, may introduce certain levels of uncertainty. In addition, the clustering algorithm,

although robust, is sensitive to initialization and may vary in different runs.
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Results and discussion

Through the detailed analysis of Sinaloa's agricultural data for 2022, several significant findings were
obtained that provide an in-depth perspective of the agricultural situation in the state.

1. Main Crops in Sinaloa.

400000

300000

tares

(Hec

200000

Area Sown

Figure 1. Main crops in Sinaloa by planted area

Figure 1 reveals that the dominant crops in terms of area planted in Sinaloa are corn, sorghum
and beans. These crops have traditionally been predominant in the state, reflecting their importance
for both the local economy and food security.

2. Performance Analysis
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Figure 2. Main crops in Sinaloa by volume of production.

As shown in Figure 2, yields vary considerably among crops. While some crops, such as wheat,
exhibit consistently high yields, others show greater variability. These yield differences can be
attributed to a combination of factors, including farming practices, climatic conditions, and pest

and disease resistance.

Economic Evaluation

The economic analysis, as shown in Figure 3, sheds light on the crops that have the highest
economic value in terms of production. Among these crops, maize stands out prominently,
occupying the highest position in terms of production value. This is not surprising, considering its
extensive planting throughout the region and its strong demand in both local and national markets.
While corn dominates the production landscape, it is critical to recognize the intricate web of
factors that contribute to its economic importance. Factors such as planting area, yield per hectare,

market prices and production costs interact to determine its economic impact.
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Figure 3. Main crops in Sinaloa by value of production.

4. Correlation analysis:
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Figure 4. Correlation matrix
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The correlation matrix shown in Figure 4 reveals interesting relationships. A strong positive
correlation between area planted and yield volume indicates that, in general, the larger the area
planted, the higher the yield volume. However, a direct correlation between area planted and yield
is not always observed, suggesting that factors other than crop area size influence yield.

Segmentation or Clustering

The segmentation analysis, using clustering techniques, provided us with a detailed view of
how crops are grouped in the state of Sinaloa during the year 2022. This approach allowed us to
identify underlying patterns in the agricultural data and reveal valuable information for agricultural
and economic decision making. The clusters identified revealed interesting patterns in the
distribution of crops in Sinaloa. Although each cluster grouped a variety of crops, we observed
notable trends in terms of area planted, yield, production value and average rural price.

e Cluster 1: This cluster includes the cultivation of maize (Zea mays) and alfalfa (Medicago
sativa), characterized by high-yielding crops in relation to the area planted. Crops in this
cluster stood out for their production efficiency.

e Cluster 2: Comprising tomato (Solanum lycopersicum) cultivation, Cluster 2 groups crops
with high production value despite a smaller production volume, suggesting a focus on
crops with high economic value.

e Cluster 3: Formed by the cultivation of sorghum (Sorghum bicolor) and beans (Phaseolus
vulgaris), this cluster showed crops with a large planted area but moderate yields,
indicating that these crops may require specific growing conditions.Cluster 1: Includes the
cultivation of maize (Zea mays) and alfalfa (Medicago sativa), notable for their high

production efficiency relative to the planted area.

Agricultural and Economic Implications

The segmentation results have important implications. Farmers can benefit by adjusting their
farming practices according to the cluster to which they belong. In addition, agricultural authorities
can use this information to plan and prioritize agricultural development strategies. Agriculture-

related businesses can also make informed investment and marketing decisions.

105



RIISDS afio 9 n° 1

Conclusions

The analysis of agricultural production and economic evaluation in Sinaloa during 2022 has revealed

several crucial findings:

1. Corn dominance: Corn stands out as the main crop in Sinaloa, not only in terms of area planted
and volume of production, but also in terms of economic value. Its prominence reinforces its
central role in the state's agriculture.

2. Economic Importance of Tomato: Despite not being the crop with the largest planted area or
production volume, tomato proved to be one of the most economically valuable crops, highlighting
its significant contribution to Sinaloa's agricultural value added.

3. Area-Volume-Value Relationship: There is a strong positive relationship between area planted,
production volume and production value. This indicates that, in general, crops that occupy larger
areas not only produce more, but also generate greater economic value.

4. Leading Municipalities: Guasave, Ahome and Culiacan emerge as the leading municipalities in
terms of agricultural production and economic value. These regions are essential to Sinaloa's
agricultural dynamics and economy.

5. Crop Segmentation: Through clustering, three distinct crop segments were identified, each with
unique characteristics. These segments provide a detailed perspective of the diversity and
complexity of agricultural production in the state.

6. Variability in Yields and Prices: Although some crops, such as tomatoes, showed significant
yields, they did not necessarily translate into the highest prices in the rural market. This suggests
the presence of other factors, such as market demand and supply dynamics, which influence prices.

These findings reflect Sinaloa's rich agricultural tapestry and its essential role in Mexico's agricultural

production. Analysis based on data science provides a deep understanding of these patterns, offering a

solid basis for decision making, planning and agricultural policy.
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