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ABSTRACT
The gross value of agricultural production is of fundamental importance for strategic decisions in the agro-industrial 
sector. The objective of this work was to study the contribution of pig production, poultry production, soybean 
production, milk production, corn production and soybean production in the gross value of agricultural production 
using the generalized additive model for location, scale and form (GAMLSS). GAMLSS was described and characterized 
for the municipalities of the West of Paraná State, Brazil. The dependent variable Gross value of agricultural production 
from the years 2018 to 2022 and the independent variables included livestock production (poultry, pigs and milk) and 
agricultural production (crop and soybean) from the harvest years 2018/2019, 2019/2020, 2020/2021, 2021/2022 and 
2022/2023. The data were obtained from the Instituto Paranaense de Desenvolvimento Econômico e Social e Secretaria 
da Agricultura e do Abastecimento. The results showed significant adjustments of the gross value of agricultural 
production for the location, scale and form parameters in relation to agricultural and livestock production in the years 
under study. The models showed a significant contribution of poultry, soybean, pig, milk and crop production in the 
location parameter from 2018 to 2022. Economically the results revealed that the West region of Paraná is motivated in 
relation to the development of Agribusiness since it contributes to the gross value of production promoting the growth 
and development of the region under study. 

Keywords: Agribusiness. Agricultural production. Business strategy. Continuous distribution on the positive real line. 
                    Flexible regression.



REVISTA BRASILEIRA DE GESTÃO E DESENVOLVIMENTO REGIONAL 
V.22, N°3, Set-Dez/2026  |  https://www.rbgdr.net/ | 9

RESUMO
O valor bruto da produção agropecuária é de fundamental importância para decisões estratégicas no setor agroindustrial. 
O objetivo deste trabalho foi estudar a contribuição da produção de suínos, produção de aves, produção soja, produção 
de leite, produção de milho e produção de soja no valor bruto da produção agropecuária utilizando o modelo aditivo 
generalizado para locação, escala e forma (GAMLSS). O GAMLSS foi descrito e caracterizado para os municípios do 
Oeste do Paraná-Brasil, utilizando a variável dependente valor bruto da produção agropecuária dos anos 2018 a 2022 
e as variáveis independentes de produção pecuária (aves, suínos e leite) e produção agrícola (milho e soja) dos anos-
safra 2018/2019, 2019/2020, 2020/2021, 2021/2022 e 2022/2023. Os dados foram obtidos do Instituto Paranaense de 
Desenvolvimento Econômico e Social e Secretaria da Agricultura e do Abastecimento. Os resultados mostraram ajustes 
significativos do valor bruto da produção agropecuária para os parâmetros de locação, escala e forma em relação à 
produção agrícola e pecuária nos anos em estudo. Os modelos mostraram contribuição significativa da produção de 
aves, soja, suíno, leite e milho no parâmetro de locação nos anos de 2018 a 2022. Economicamente os resultados 
revelaram que região Oeste do Paraná é motivada em relação ao desenvolvimento do Agronegócio já que o mesmo 
contribui para o valor bruto da produção promovendo o crescimento e desenvolvimento da região em estudo. 

Palavras-chave: Agronegócio. Produção agrícola. Estratégia empresarial. Distribuição contínua na linha real positiva. 
                             Regressão flexível.

INTRODUCTION

Agribusiness is a highly decisive and strategic sector in the economic and agricultural 

activities, because it is representative for the population food supply, thus generating revenues, 

employability and foreign exchange, which promotes the growth and development of the economic 

system and society. In the view of the current economic situation of the world, the study shows the 

scope of its application and its understanding is relevant in the management of decision-making in 

different areas of internalized economy (Soumitra, 2020; Cima et al., 2023; Cima et al., 2024). 

The development of the agricultural and livestock sector considering the gross value 

of agricultural production depends on decision-making management, emphasized by strategic 

objectives to ensure a more favorable agricultural production for the growth and development 

of rural property and processing industry, namely: Cooperatives and Agroindustries (Zsarnóczai; 

Zéman, 2019; Oliveira et al., 2025). Thus, the scientific literature allows readers and researchers a 

broad analysis that leads them to understand that there are numerous studies on the challenges 

of the management of supply chains and supply chain of agricultural production in the different 

studies, including regions, countries, companies of various property categories and scale production 

level (Ableeva et al., 2019). 
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It is observed that the decision-making guided by data management is necessary, as it is the case of 

the use of methods and estimators of various types of efficiency guided by data management. Currently, 

a qualitative and quantitative comparative analysis of agro-industrial efficiency and performance needs 

greater clarity in the information. This is essential for evaluating  various types of sustainable agricultural 

production and environmentally safe production systems, since sustainability is a necessary requirement 

for these production ecosystems to deliver products and services within the expected quality, as reported 

by Cima et al. (2021); Cima et al. (2022); Oliveira et al. (2025). 

In this analytical perspective, Ferrera de Lima and Desbiens (2000) argue with logical clarity 

that there is a necessary association between quantitative data and qualitative analysis for a sufficient 

understanding for decision making considering a strategic breadth of regional development, that guides 

the purposes of the study objectives. In this sense, the need for clear database initiatives is observed by 

types of economic activity, including agriculture and livestock (Ableeva et al., 2019), which are relevant 

for the analysis of public policies aimed at raising resources for this sector. Thus, the generalized additive 

models for location scale and shape (GAMLSS) has been widely used in a wide variety of different areas 

of knowledge, among them: Economy, biosciences, food production, agrarian among others (Rigby and 

Stasinopoulos, 2005; De Bastiani et al., 2016). 

Relevant studies already  carried out  showed the importance of this class of models in spatial 

data analyzes, which corroborate (Stasinopoulous et al., 2017; Zylowski and Korzyra, 2023). The GAMLSS 

model is a general structure characterized by univariate regression, in which it refers to a single dependent 

variable, although it may present many explanatory variables. Thus, it is observed that the behavior of 

the explained variable depends on the predictive variables (independent). This dependence can be linear, 

nonlinear or non-parametric (Stasinopoulos et al., 2018). 

Darmawan et al. (2019) reported that using this model class, found that it is appropriate to 

investigate agricultural production and that it represented efficiently the study carried out. Villarini et 

al. (2016) studied and evaluated the GAMLSS model in soybean crop and identified its importance and 

efficiency in the results obtained.  In this sense, the GAMLSS model class allows the adjustment of models 

with flexible characteristics that accept any distribution for the variable explained, independent, of 

belonging to some family of distributions, as reported by Rigby and Stasinopoulos (2005). 
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It is also verified that through GAMLSS, the distribution measures are modeled, named: location, 

scale and shape of the dependent variable distribution. These measures according to the predictive 

variables can incorporate non-parametric smoothing functions, random effects, or other additive terms. 

The objective of this work was to study the contribution of pig production, poultry production, soybean 

production, milk production, corn production and soybean production in the gross value of agricultural 

production using the GAMLSS model. This modeling of the agricultural scenario in the western region of 

Paraná State is necessary and important to increase the knowledge of the influences that the gross value 

of agricultural production (VBP) receives from different sectors of the economy.

INTEGRATION OF DATA MANAGEMENT IN DECISION-MAKING IN THE 

AGRICULTURAL SECTOR

It can be considered a strategic trend, the integration of data in ecosystems that cover 

agribusiness, this practice allows the optimization of more efficient productive operations both in 

handling and in management, thus this process ensures the optimization of agricultural operations 

and allows the adoption of more efficient strategies (Gamage et al., 2024). The vision of strategic 

integration allows us to unify the junction among people, machines and data by integrating innovation 

in real time, resulting in more sustainable and agile deliveries which promotes the profitability of the 

agricultural sector (Dharmananda et al., 2024).

The Integration of data management-driven decision-making which involves all the links of the 

productive sectors is necessary to meet the high demands of productivity demanded by the markets 

(Weraikat et al., 2024).

MATERIAL AND METHODS

The methodology employed was a qualitative and quantitative approach aimed at analyzing a 

real scenario that involves agricultural and livestock production in the West of Paraná State-Brazil. 	

Figure 1 presents the municipalities, which make up the study area in the state of Paraná. Economic data 

from the years 2018 to 2022 of the variables were used: Livestock production [quantity/head], gross value 

of agricultural production [R$], milk production [thousand/l], corn production and soybean production 

[t] of the 2018/2019, 2019/2020, 2020/2021, 2021/2022 and 2022/2023. 
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Figure 1 | Location of the study area

Source: Prepared by the Authors.

The Generalized Additive Model for Location, Scale and Shape (GAMLSS) in its general form 

is flexible to model the gross value of agricultural production (VBP), since it allows to incorporate the 

contribution of explanatory variables may include location, scale and shape parameters, it allows 

to improve the understanding of an agricultural scenario and identify problems that influence the 

production. In the models for the location parameters, scale and shape, it is possible to evaluate the 

contribution of the covariates poultry, soybean, pigs, milk and corn in the VBP. GMLLSS assumes that 

variable of interest   they are independent observations (Rigby and Stasinopoulos, 

2005). Equation (1) presents the general form of the probability distribution of a GAMLSS model 

with three parameters :

(1)
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where  is the response variable (VBP),  represents the chosen probability distribution, 

and μ, σ and   are, respectively, the location, scale and shape parameters, unknown. Each parameter 

 μ,  σ and  ) is modeled by means of a connection function  as follows:

(2)

where  is the covariate matrix associated with the parameter ,  is 

the vector of the unknown coefficients of the parametric part,  represents soft non-parametric 

functions applied to covariables  and  is the number of non-parametric terms included in the 

model for the parameter . The models for the present study can be formulated from equation (3)-

(5), considering linear effect on covariables, without supportable non-  parametric functions, 

as follows:

(3)
(4)
(5)

where ,   the model for the location parameter,  the model for the scale 

parameter, and  the model for the shape parameter. The called Generalized Akaike Information 

Criterion (GAIC) was used for the selection of models from 2018 to 2022, obtained by combinations 

of components. GAIC is calculated according to equation (6):  

(6)

where, : represents the adjusted global deviation given by -2  (is the logarithm of the 

likelihood function evaluated in the estimated parameters);  df: indicates the degree of effective freedom 

in the proposed model;  denotes the penalty applied to each degree of freedom. The Schwarz Bayesian 

Criterion (SBC) is obtained for model selection as defined by to Rigby and Stasinopoulos (2005).
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The charts using the termplot function for the location parameters , scale  and shape  for 

VBP in the years 2018 to 2022 allow to analyze the terms of regression in relation to its predictors, with 

standard errors and partial residues (Stasinopoulos et al., 2017). To evaluate the quality of the adjustment 

of the models for the worm plot (Buuren and Fredriks, 2001) were used. The problem of the relationship of 

VBP with dependent variables poultries, soybean, pig, milk and corn was analyzed with the free software 

R (Development Core Team, 2025), through packages such as gamlss and gamlss.dist . 

RESULTS AND DISCUSSION

The models for the gross value of agricultural production (VBP) were adjusted for the years 

2018 to 2022 considering the variables poultry production  soybean (SOYBEAN) 

production, pig production ( ) , milk production and corn production ( ), logarithmic 

processing being used. Estimates with the standard VBP error for the location parameter  are 

shown in Table 2, for the scale parameter    in Table 3 and for the shape parameter  in Table 4. The 

models for the parameter  indicated that the explanatory variables were significant, with positive 

contributions from 2020 to 2022. The study of the contribution of each variable in the GAMLSS 

model allows to generate important information related to the agricultural sector for decision-

making (Lima-Costa et al., 2020).  

It is seen that in the adjustment of the model of the gross value of agricultural production (VBP) of 

the year 2018, the descriptive level p-value for all the covariables selected in the μ parameter was lower 

than 5% of significance (Table 1). This indicated that the production of poultry, soybean production, pig 

production and milk and corn production were significant in relation to the gross value of agricultural 

production, for the municipalities that make up the western region of Paraná State-Brazil.

Ribeiro et al. (2020) analyzed soybean production in the state of Rio Grande do Sul using 

the GAMLSS regression model in the year-harvest 2017/2018 and concluded that the production 

forecast was significant for that year-harvest. They inform that the GAMLSS model can be more 

accurate than linear regression to model data related to soybean production, constituting a reliable 

and useful source to assist farmers and managers of the economic sector in their decisions and 

planning of agricultural crops. 
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The significance of the covariates under study to explain the μ parameter in relation to the gross 

value of agricultural production, indicates that in the West region state of Paraná State the livestock 

production effective exerted influence on the agricultural VBP in the years from 2018 to 2022.

Table 1 | Models estimated with generalized gamma distribution (GG), adjustment for the location 

parameter  in the years from 2018 to 2022

Location parameter μ̂
Parameter estimates βij, standard error (in parentheses) and p-value for

                                     i=1,…,n; j=1,…,5 

	 Parameters 2018 2019 2020 2021 2022

Intercept
2.523

(0.004)
0.000*

2.587 
(0.003) 
0.000*

2.559 
(2.559) 
0.000*

2.531 
(0.005) 
0.000*

2.523 
(0.004) 
0.000*

ln(POULTRIES)
0.007

(0.0003)
0.000*

0.007 
(0.0003) 
0.000*

0.005 
(0.005) 
0.000*

0.006 
(0.0003) 
0.000*

0.007 
(0.0002) 
0.000*

ln(SOYBEAN)
0.032

(0.001)
0.000*

0.020 
(0.001) 
0.000*

0.015 
(0.015) 
0.000*

0.021 
(0.001) 
0.000*

0.008 
(0.0005) 
0.000*

ln(PIGS)
0.007

(0.0003)
0.000*

0.011 
(0.0003) 
0.000*

0.006 
(0.006) 
0.000*

0.004 
(0.0002) 
0.000*

0.006 
(0.0003) 
0.000*

ln(MILK)
-0.002
(0.001)
0.001*

-0.004 
(0.0005) 
0.000*

0.010 
(0.010) 
0.000*

0.010 
(0.0004) 
0.000*

0.008 
(0.001) 
0.000*

ln(CORN)
-0.005
(0.001)
0.000*

0.000 
(0.001) 
0418ns

0.005 
(0.005) 
0.000*

0.003 
(0.001) 
0.001*

0.015 
(0.0003) 
0.000*

Note: *: significant at 5% odds; ns: not significant.

Source: Prepared by the Authors.
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The models for the parameter  indicated that the explanatory variables were significant, to 

explain the variability in the scale Table 2. For the year 2021 only the variable pig production and 

the intercept of the model were significant, but already in 2022 the production of poultry, pigs and 

milk were significant to explain this parameter, indicating that the scenario under analysis presents 

high variability. It was also observed the presence of significant influence in most of the studied 

covariables considering the σ parameter in relation to the gross value of agricultural production. 

This behavior demonstrates that in the West region of Paraná state the livestock production effective 

exerted influence on the gross value of agricultural production in the years from 2018 to 2022. 

Hernandez et al. (2015) when analyzing the GAMLSS model in agro-industrial processes, observed 

the relevance of the model in the results found, suggest that the results can be used in decision 

making in the agro-industrial transformation industry. The results are justified by the fact that the 

significant participation of the West region in agricultural production in the state of Paraná (SEAB, 

2023). Strategically, it is observed through the results found, specifically for the production of pigs, 

that was significant in the years 2018 to 2022 and the soybean production significant in the years 

2019 and 2020. The importance of these productive sectors in the participation of the gross value 

of agricultural production in the West of Paraná State is evident. This information is economically 

decisive, necessary and important because they allow to show the reality of the political, economic 

scenario and the agro-industrial trends, thus showing the productive potential of the agricultural 

sector, showing the relevance of the use of the GAMLSS model applied in agricultural data, according 

to Darmawan et al. (2019).

 Still considering the sigma distribution parameter( ) it is possible to identify the significance in 

explaining that such parameter may change over the years as it occurred with corn, significant in 2018 

and 2020 and not significant in the years 2019, 2021 and 2022. These results indicate that production 

management should be carried out in order to create conditions that favor the development and 

maintenance of productive sectors. Thus, it is important to identify the important variables to explain 

the variation in the response variable, gross value of agricultural production in the years 2018 to 2022, 

through the coefficients in the models for the parameters (Stasinopoulos et al., 2017).  
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Table 2 | Models estimated with generalized gamma distribution (GG), adjustment for the scale 

parameter  of VBP in the years from 2018 to 2022 

Scale parameter σ̂ Parameter estimates βij, standard error (in parentheses) and p-values 
for i=1,…,n; j=1,…,5 

Parameters 2018 2019 2020 2021 2022

Intercept
-9.899
(1.455)
0.000*

-10.038 
(0.979) 
0.000*

-9.984 
(1.055) 
0.000*

-9.881 
(1.085) 
0.000*

-10.75 
(1.106) 
0.000*

ln(POULTRIES)
0.311

(0.090)
0.001*

-0.039 
(0.097) 
0.689ns

0.16 
(0.093) 
0.090ns

0.14 
(0.095) 
0.146ns

0.402 
(0.096) 
0.000*

ln(SOYBEAN)
-0.101
(0.162)
0.539ns

0.501 
(0.172) 
0.006*

0.822 
(0.306) 
0.010*

0.032 
(0.247) 
0.897ns

-0.035 
(0.103) 
0.732ns

ln(PIGS)
0.278

(0.060)
0.000*

0.230 
(0.071) 
0.002*

0.157 
(0.065) 
0.020*

0.129 
(0.056) 
0.026*

0.199 
(0.059) 
0.002*

ln(MILK)
-0.166
(0.100)
0.104ns

-0.322 
(0.104) 
0.003*

-0.278 
(0.117) 
0.022*

-0.003 
(0.106) 
0.975ns

-0.264 
(0.107) 
0.017*

ln(CORN)
-0.005

(-0.00001)
0.001*

-0.012 
(0.152) 
0.938ns

-0.560 
(0.246) 
0.028*

0.045 
(0.211) 
0.832ns

0.000 
(0.000) 
0.129ns

Note: *: significant at 5% odds; ns: not significant.

Source: Prepared by the Authors.

Table 3 observes that for the distribution parameter shape ( ) the value of asymmetry was 

not significant for corn production for the years 2018 and 2021, and this result may be justified by 

adverse conditions occurring in the period such as: climatic conditions, production costs or even 

migration from rural producers to other types of agricultural activity. 
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Table 3 | Models estimated with generalized gamma distribution (GG), adjustment for the shape 

parameter   of VBP in the years from 2018 to 2022

Shape parameter ν̂ Parameter estimates βij, standard error (in parentheses) and p-value for
 i=1,…,n; j=1,…,5 

Parameters 2018 2019 2020 2021 2022

Intercept
2632.60

(1415.56)
0.070ns

-4486.2 
(2526.6) 
0.083ns

5764.9 
(1190.9) 
0.000*

2046.05 
(1185.37) 
0.091ns

6103.7 
(1617.7) 
0.000*

ln(POULTRIES)
-684.9

(175.22)
0.000*

-1383.8 
(286.7) 
0.000*

-342.4 
(126.6) 
0.010*

-542.44 
(175.22) 
0.003*

-798.8 
(216.4) 
0.001*

ln(SOYBEAN)
1404.86
(252.18)
0.000*

3673 
(571.8) 
0.000*

-1558.1 
(387.4) 
0.000*

760.90 
(307.88) 
0.017*

427.0 
(144.5) 
0.005*

ln(PIGS)
-450.19
(97.70)
0.000*

1770.1 
(283.3) 
0.000*

-497.8 
(103.1) 
0.000*

-436.61 
(80.95) 
0.000*

-740.6 
(132.8) 
0.000*

ln(MILK)
-248.84
(107.24)
0.025*

-2149.8 
(360.8) 
0.000*

1296.0 
(225.7) 
0.000*

526.26 
(121.01) 
0.000*

595.5 
(142.3) 
0.000*

ln(CORN)
-49.31

(148.24)
0.741ns

-1383.5 
(308.6) 
0.000*

896.8 
(278.2) 
0.002*

-230.86 
(227.13) 
0.315ns

405.3 
(174.7) 
0.025*

Note: *: significant at 5% odds; ns: not significant.

Source: Prepared by the Authors.

In Figure 2  the smoothing termplot chart (Rigby and Stasinopoulos, 2005)  shows the behavior 

for the distribution of the location parameter μ of the gross value of agricultural production of 

the year 2018. In Figures 2(A)-(B) and (C), it is visible a growing linear behavior for the production 

of poultry, soybean and pigs, this is the relationship between the gross value of agricultural 

production with the mentioned productions was increasing respectively. In comparison, milk and 

corn productions Figures 2(D)-(E), there was a decreasing behavior, indicating a variation in relation 

to the response variable (gross value of agricultural production), and the model was capable of 

adjusting  functions to represent these variations. This data spatial behavior reveals the profile of 

production in the analyzed period and suggests that these differences may be related to economic, 

climatic and seasonal factors.
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Figure 2 | Smoothing termplot charts of location parameter μ for the gross value of agricultural 

production of the year 2018.

Source: Prepared by the Authors.

	Through the smoothing termplot charts of the scale parameter  for the gross value of 

agricultural production of the year 2018 (Figure 3) the chart showed an increasing linear behavior of 

the coefficient of variation of poultry and swine production Figures 3(A) and 3(C). For soybean, milk 

and corn production Figure 3(B) and Figures 3(D)-(E) the chart shows a decreasing linear behavior 

for the coefficient of variation of the year 2018.

According to Embrapa (2019), these results are justified by the fact that the year 2018 was 

marked by the deceleration of soybean, milk and corn production. According to the same source 

the factors that contributed to this decline was the increase in costs involving the sector amount 

of the economy, that is, agricultural inputs, another decisive factor was the low grain production in 

Argentina and the reduction of corn production in Brazil.
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Figure 3 | Smoothing termplot charts of scale parameter   for the Gross Value of Agricultural 

production of the year 2018

Source: Prepared by the Authors.

Figure 4(A)-(C) shows an increasing linear behavior among poultry, soybean and pig 

production and the means (μ) of the Gross Value of Agricultural Production (VBPA) in 2019. It is 

observed that as the production of these commodities increases, there is a positive and progressive 

contribution to the VBPA. On the other hand, milk production, represented in Figure 4(E), shows a 

decrease trend. This result may be associated, as pointed out by SEAB (2019) to an increase in input 

costs, which negatively impacted the profitability margin of milk production and, consequently, 

reduced the marketing price of this product in the market.
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Figure 4 | Termplot charts of location parameter μ for the Gross Value of Agricultural production of 

the year 2019

Source: Prepared by the Authors.

Figure 5 shows the smoothing charts related to the dispersion distribution( σ), showing the 

behavior of the coefficient of variation for each production variable analyzed. It is observed that the 

poultry and corn production (Figures 5A and 5E) presents a constant linear trend, indicating relative 

stability in the variability of these productions throughout the series. In contrast, soybean and pig 

production (Figures 5B and 5C) shows increasing linear behavior, suggesting increased variability as 

the volume produced grows. Milk production (Figure 5D) shows a decreasing linear trend, which 

indicates a reduction in variability associated with higher production levels.
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Figure 5 | Termplot charts of scale parameter   for the Gross Value of Agricultural production of 

the year 2019

Source: Prepared by the Authors.

Figure 6 shows the termplot chart for the μ distribution of the gross value of agricultural 

production of the year 2020. In figure 6 (A) – (E) where the termplots for the distribution of μ are 

shows, for the variables poultry production and milk production it is possible to observe a growing 

linear behavior for the μ distribution of the gross value of agricultural production of the year 2020. 

For soybean production it is possible to identify an expressive growing behavior, which is also 

observed by the pigs production. Corn production showed a behavior close to linear, according to 

the results shown in Figures 6(A) – (E) for the year 2020.

These results are justified, according to Embrapa (2021) and Globo Rural (2021) where the 

production of soybean, milk and poultry was increasing in 2020, and the chicken processing agro-

industry showed an increase of 3.3% compared to the year 2019. The same scenario was visible in 

milk production in which there was an expressive increase in relation to previous years. In addition, 

soybean production was also favorable in the analyzed period.
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Figure 6 | Termplot charts of location parameter μ for the Gross Value of Agricultural production of 

the year 2020

Source: Prepared by the Authors.

	Figure 7(A)-(E) presents the termplot charts related to the dispersion distribution (σ), allowing 

to analyze the behavior of the coefficient of variation in relation to the different production variables. 

It is observed that the poultry production (Figure 7A) shows a growth trend of the coefficient of 

variation as the volume produced increases. Soybean production (Figure 7B) also shows increasing 

behavior, although more sharply in the initial ranges and with increased uncertainty in the higher 

values. For pig production (Figure 7C), the variation remains relatively stable, close to a smooth 

linear pattern. Milk (Figure 7D) and corn (Figure 7E) productions showed a decreasing trend of the 

coefficient of variation, suggesting a lower relative dispersion in higher production levels, possibly 

associated with more standardized production processes or scale gains.
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Figure 7 | Termplot charts of scale parameter  for the Gross Value of Agricultural production of the 

year 2020

Source: Prepared by the Authors.

Figure 8(A)-(E) shows  the termplot charts regarding the distribution of means( μ) for the 

year 2021, showing a growing trend in all the variables analyzed. It is observed that pig production 

(Figure 8C) and corn production (Figure 8E) present behavior closer to a linear relationship, while 

the other variables show marked growth in the initial ranges followed by smoothing at higher levels 

of production. In general, these results suggest a scenario of productive recovery for the analyzed 

commodities in the period, reflecting possible economic resumption and stability in the contribution 

of these activities to the Gross Value of Agricultural Production.
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Figure 8 | Termplot charts of location parameter μ for the Gross Value of Agricultural production of 

the year 2021

Source: Prepared by the Authors.

Figure 9(A)-(E) presents the termplot charts related to the dispersion distribution (σ) for 

the year 2021, allowing to analyze the behavior of the coefficient of variation in relation to the 

studies production variables. It is observed that, for poultry, soybean, pigs, milk and corn, the trend 

remains close to a linear pattern, without abrupt variations along the production range. The 95% 

confidence bands have relatively high amplitude, indicating greater uncertainty in the estimation of 

the dispersion coefficient variation and suggesting that the observed effects should be interpreted 

with caution, especially in the extremities of the distributions.



REVISTA BRASILEIRA DE GESTÃO E DESENVOLVIMENTO REGIONAL 
V.22, N°3, Set-Dez/2026  |  https://www.rbgdr.net/ | 26

Figure 9 | Termplot charts of scale parameter   for the Gross Value of Agricultural production of 

the year 2021

Source: Prepared by the Authors.

Figure 10(A)-(E) shows  the termplot charts regarding the distribution of means( μ) for the 

year 2022, showing a growing trend in all the variables analyzed. In each case, there is a sharp 

increase in partial waste as production increases, characterizing a non-linear positive relationship. 

This pattern indicates that increases in poultry, soybean, pigs, milk and corn production are associated 

with increases in the model response variable. In general, the curves show rapid growth in the 

initial production ranges, followed by a smoothing process at higher levels, suggesting a decreasing 

marginal effect as the production reaches higher levels.
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Figure 10 | Termplot charts of location parameter μ for the Gross Value of Agricultural production 

of the year 2022

Source: Prepared by the Authors.

Figure 11(A)-(E) presents the termplot charts for the scale parameter (σ), allowing to 

evaluate the influence of the production variables on the dispersion of the model. It is observed 

that the soybean (Figure 11B) and pigs production (Figure 11C) has a reduced effect on the response 

variable, remaining close to a pattern of stability along the production levels. On the other hand, 

milk (Figure 11D) and corn (Figure 11E) production show negative behavior, suggesting a decrease in 

the scale parameter as the volume produced increases, which may indicate lower relative variability 

in these scenarios. On the other hand, poultry production (Figure 11A) presents a moderate positive 

relationship, with a tendency to increase the scale parameter at higher productive levels.
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Figure 11 | Smoothing termplot charts of scale parameter   for the Gross Value of Agricultural 

production of the year 2022

Source: Prepared by the Authors.

In Figure 12(A) the QQ-norm charts (R Core Team, 2025) that test the normality of the residues 

are represented, and it was observed that the points approach the confidence bands, therefore, this 

indicates that the residues of the VBP model for the years from 2018 to 2022. These charts indicate 

normal distribution, which implies that the model suggests a good fit because the points are aligned 

on the straight line that corroborates Jaya and Chadidjah (2021). In Figure 12(B) with the worm plot 

charts of GAMLSS models (Rigby and Stasinopoulos, 2005) for VBP in the years 2018 to 2022, it is 

verified that all the points plotted were close to the 95% confidence band, indicating a suitable fit by 

the model. Oliveira et al.(2019) studied and analyzed the generalized additive models by location, 

scale and shape in agricultural data, and concluded that the model was efficient in the study.
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Figure 12 | QQ-norm (A)  and worm plot (B) charts for the gross value of agricultural production in 

the years from 2018 to 2020

2018

2019

2020

(A) (B)

(B)(A)

(A) (B)
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2021

2022

Source: Prepared by the Authors.

Table 4 shows the adjusted coefficients of the GAMLSS models for the parameters of location 

( ), scale ( ) and shape ( ) in the years from 2018 to 2022. The logarithmic function was used as 

a link function to model the parameters.

(A) (B)

(A) (B)
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POULTRIES

Table 4 | Models for VBP considering the parameters of location ( ), scale (  ) and shape (  in 

the years  from 2018 to 2022

Ano Modelos

2018

2019

2020

2021

2022

Source: Prepared by the Authors.
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By means of the quality analysis of the models fit, Table 4 shows the best model adjusted by the 

Generalized Akaike Information Criterion (GAIC) and Schwarz criteria (SBC).

The best adjusted model was the gross value of the agricultural production of 2018, which in 

fact is justified, by the fact that the year 2018 Paraná State-Brazil, it reached representative levels of 

agricultural production favoring the growth of the gross value of agricultural production of that year, 

which corroborate Seab (2018) and Seab (2019).

Table 4| Statistical results of the GAMLSS model for the gross value of agricultural production from 

the years from 2018 to 2020 for the fifty municipalities of Paraná State

Response Variable (y) GAIC SBC

VBP 2018 -31.602 2.814

VBP 2019 -22.250 12.167

VBP 2020 -40.221 -5.804

VBP 2021 -58.785 -24.369

VBP 2022 -38.468 -4.051

Source: Prepared by the Authors.

The results of the graphical and diagnostic analyses of the residuals and the generalized 

Akaike information criteria (GAIC) and Schwarz criteria (SBC) indicated that the GAMLSS model 

classes appear to be appropriate for estimating the parameters of the gross value function of 

agricultural production and that the best-fitted model was for the year 2021. These results clearly 

demonstrate the importance of applying the generalized linear model for scale and shape location 

to agricultural and livestock data (Fantazzini et al., 2020; Ribeiro et al., 2020). The GAMLSS model in 

the analysis performed proved to be highly flexible and consistent across the variables studied, and 

indeed the results presented reflect the explanatory influence of the agricultural workforce on the 

gross value of agricultural production, which corroborates Darmawan et al. (2019).
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CONCLUSION   

The GAMLSS model best suited to describe VBP was from the year 2021, allowing its own 

distributions to describe the different characteristics of each distribution analyzed. The model 

was also advantageous, because the location and scale parameters depended on the co-variables 

analyzed. Thus, the nature of the response variable was described and interpreted in a way much 

more portrayed with reality.

Through the sigma distribution of the scale, from 2018 to 2022, it was observed that pig 

production, milk production and soybean production significantly influenced the variability of the 

VBP response variable. The result showed that the best model, according to the GAIC criterion, for 

the VBP was for the year 2021, followed by 2020 and 2022, indicating that the variables analyzed for 

the rental and scale parameters were significant.

The GAMLSS model was promising for the analysis of data on livestock production and 

grain production (corn and soybean), indicating their contribution in the composition of the mean 

parameter for VBP in the years under study. The GAMLSS models showed a relevant performance 

in the analyzed variables, identifying functions for the variability of the coefficients used in the 

estimation of the parameters, confirming the relationship of the VBP with the independent variables 

under study and the importance of these in the configuration of the economic scenario.
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