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Abstract 

The prediction of the production of food is a very important topic that is attracting more the attention of 
researchers, scholars and professionals in the field of business and management since it is currently an issue 
at a global level considering the shortage of food and the exponential increase of the population. Similarly, 
the development of forecasting models about production are commonly used by different researchers and 
scholars to create predictions of the production systems, including good, as they normally provide valuable 
information for both making business decisions and reducing costs. For this reason, the main objective of 
this empirical research is the proposal of a forecast production model by applying a case study for a family 
agro-industrial enterprise from Aguascalientes (Mexico) through the implementation of a computer system 
that improves significantly their planning and commercial system of agro-industrial products (i.e. broccoli). 
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1. Introduction

Agriculture has been playing an essential role in the production of food since the last decade, for a population that has 
increased exponentially through the production of more and better food (Hawkes and Ruel, 2006; McDermott et al., 
2013). However, despite all the different efforts made by agro-industrial enterprises and small scale farmers to 
incorporate more available land to produce more crops with a substantial increase in calories to reduce food insecurity, 
undernourishment and famine present in different developing countries, as it is the case of Mexico, these efforts have 
not been enough because they have not achieved the expected results, as the number of people with undernourishment 
and famine is still growing in part due to the high quality standards that some regions of the world establish (Akerele 
and Musediku, 2017). 
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From this perspective, it is important to state that researchers, scholars and professionals in the field of business and 
management, must focus their investigations in policies and programs that allow the development of agro-industrial 
activities, in a way that food security is significantly increased at local, national and international levels, because 
agriculture is precisely the essential activity that can increase world food security, the quality of food and a better 
nutrition of the population (Remans et al., 2011; Carletto et al., 2015). Therefore, the development of agriculture 
should be prioritize the diversification of production systems and the development of forecast production models, that 
allow not only to attain food security but also to increase the quality of food products to diminish the problems of 
undernourishment, obesity and other chronic diseases (Frison, 2007; Keding et al., 2012; McDermott et al., 2013; 
Qaim et al., 2014). 
 
In this regard, different organizations and some researchers such as The World Bank (2007), the FAO (2013) and 
Carletto et al. (2015), concluded that agricultural products can influence significantly the quality of the diets (i.e. the 
consumption of a variety of foods), of people and in the nourishment conditions of the population in general. 
Consequently, even when there is an agriculture that produces a subsistence farming for a high number of families, 
most developing countries with an emerging economy, as it is the case of Mexico, must support small scale farmers 
so a part of their production can be sold and consumed in regional, national and international markets so they can 
obtain more income for the families that work in agriculture for a living (World Bank, 2007; Jones et al., 2014). 
 
Similarly, the support to small-scale farmers so they can sell part of their agricultural produce has to consider that 
many women are the head of their families and they work the land. This is why there should be gender equity in the 
corresponding supports (Malapit et al., 2013), considering also the power and control that women have in the purchase 
and use of agricultural products as well the management of income to obtain products for the agricultural produce 
(Jones et al., 2014). For this, analysis forecast production models for agriculture attempt to improve not only the 
production systems and the value of investment (Sambharya, 2011), but also to improve commercialization activities 
and market efficiency as well as the investment protection of families (Jensen and Mecking, 1976; Yu, 2008; Huang 
et al., 2017).  
 
In this trend of ideas, there are few published empirical investigations in the current literature of business sciences and 
management, that have analyzed the effects produced by the analysis forecast production models of agriculture, and 
there are even fewer empirical papers that analyze the same effects in family agricultural enterprises in developing 
countries or with an emerging economy, as it is the case of Mexico (Sibhatu et al., 2015; Akerele and Musediku, 
2017). As a result of this, the main contribution of this empirical research is the analysis and discussion of the effects 
of proposing an analysis forecast production models of agriculture of a Mexican family agricultural enterprise 
(Frigorizados La Huerta), just as it is recommended by Sibhatu et al. (2015), Akerele and Musediku (2017), as well 
as Zhang et al. (2017a). 
 
2. Literature review 
 
The demand of agricultural products (food) has enlarged exponentially in the national and international markets in the 
last decade of this new century. This is why the production of food is catching the attention of researchers, scholars 
and professionals in the field of business and agriculture (Zhang et al., 2017b). Similarly, fresh agricultural products, 
including broccoli, have some specific features such as a short lifespan in the shelves, a high market demand, high 
standards for storage and use of technology for its transport. For this, it is necessary that enterprises have an adequate 
forecast production model and an efficient model of information, to create a bigger amount of food with more quality 
(Manning et al., 2006; Jin et al., 2013).  
 
Furthermore, the logistics between producers and clients plays an essential role in order to take the different fresh 
agricultural products needed by different consumers to their homes, since it does not only add a higher level of quality 
to agricultural products but it also cuts the risks in supply operations of food (Zhang et al., 2017b). As a result, Yujun 
et al. (2005) concluded that the need of enterprises, including family ones, to have a monitoring model and decision 
making of prediction of the production based on a wireless sensor network (WSN), which represents a series of 
advantages such as an effective control of the production, a low consumption of energy as well as an effective 
reflection of the production in real time, temperature and quality of food (Xinqing et al., 2015; Xinqing et al., 2016).  
 

653



Proceedings of the International Conference on Industrial Engineering and Operations Management 
Bangkok, Thailand, March 5-7, 2019 

© IEOM Society International 
 

In this regard, the prediction models of agricultural production are essential not only to achieve a higher level of 
business performance, but also to increase the quantity and quality of food products. For this, managers and/or owners 
of family firms have to rely on professionals that help them in the design and analysis of prediction models, which 
would improve the management of the family enterprise (Graham et al., 2005; Yu, 2008; He and Tian, 2013; Huang 
et al., 2017). Thus, managers and/or owners of agro-industrial family firms, will need to have the necessary 
information for the adequate development of the analysis forecast production model, which could create several 
benefits for the organization as a whole (Jensen and Mecking, 1976), including a higher quantity and quality of the 
agricultural products manufactured (Hassell and Jennings, 1986; Duru and Reeb, 2002; Hope, 2003; Hutton, 2005).  
 
Additionally, there is theoretical and empirical evidence in the current literature that shows the presence of a clear 
distinction between property, control and management of the structure of the family firms in order to avoid conflicts 
that affect the organization seriously as a whole and to achieve a better profitability, by decreasing significantly the 
costs of the production of agricultural crops (Shleifer and Vishny, 1997). Consequently, depending on the complexity 
of the information that the family enterprise has about the production and cultivation of crops, it will determined not 
only the forecast production model that it develops but also the market efficiency and the management effectiveness 
of the organization (Sambharya, 2011; Yu, 2008; Huang et al., 2017).  
 
Within this context, it is not surprising that nowadays managers from a variety of agro-industrial enterprises around 
the world, including some enterprises established in Mexico, work professionally and independently from the owners 
and consider forecast production models as an essential, and very valuable tool not only to improve significantly their 
production processes (Graham et al., 2005; Yu, 2008), but also to increase their market participation (Zhang et al., 
2017a). That is why this type of enterprises are more willing to invest a specific amount of financial resources to 
incorporate the agro-technology in their food production processes that enables them to achieve a higher level of 
performance.  
 
Accordingly, in order to obtain a forecast production model of agricultural crops that predicts more efficiently the 
level of performance of the production, managers usually try to encourage their workers and employees so they work 
collaboratively as a team in the analysis of the information, and collect as much information as possible in order to 
improve the prediction of the crops (Cheong and Thomas, 2011). This type of actions developed by managers normally 
provide a high level of optimism in the organization, as a whole which allows that the different prediction activities 
of the goods become more precise and it creates only a small dispersion of the information, compared with agro-
industrial enterprises that do not have adequate information (Hassell and Jennings, 1986; Duru and Reeb, 2002; Hope, 
2003; Hutton, 2005).  
 
However, it is also important to establish the presence of different managers that do not understand clearly the 
relevance of having reliable information of the production, that facilitates the forecast of agricultural crops (Shleifer 
and Vishny, 1997; Claessens and Fan, 2002), especially those companies established in developing countries or with 
an emerging economy, as it is the case of Mexico. This does not normally happen in developed country as managers 
often tend to build very sophisticated pyramids of the information about the production of their enterprises, which 
allows them not only to create a higher level of control of the information, but also in its exchange among different 
departments or areas of the organization in order to improve their market participation (Huang et al., 2017).  
 
Thus, to reduce as much as possible the error of collecting information for the prediction of agricultural crops, 
managers will need to have a clear market commitment of their food products to increase significantly, the 
opportunities to attain better results or benefits of the analysis forecast production model (Zhang et al., 2017a). 
Therefore, to have a better control of the benefits created by the use of prediction models of agricultural products, 
managers can increase significantly the level of income of family firms by reducing the lack of transparency of 
production (Haw et al., 2004; Gopalan and Jayaraman, 2012), as well as the lack of information (Francis et al., 2005), 
restrict the levels of availability of information and the improvement of data of the reports (Khurana et al., 2013). 
 
In this regard, managers of agro-industrial family firms will have to be very precise on the demand of the quality of 
the information (both public and from the organization), that will be used for the development of the forecast 
production model. Otherwise, this can reduce significantly the quality of the analysis and the prediction of the 
agricultural production (Hope, 2003), as well as the accuracy of the results of the forecast production model (Duru 
and Reeb, 2002). Likewise, managers of agro-industrial family firms of developing countries, work in a similar way 
with the quality of the information since this mostly determines not only the quality of the analysis of the information, 
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but also the establishment of production prices of their crops and the level of business performance (Zhang et al., 
2017a). 
 
However, in developing countries and with an emerging economy, as it is the case of Mexico, there is a high percentage 
of agro-industrial family firms, that work with a high level of concentration of the information in only one person (i.e. 
the manager and/or owner of the organization), with a low level of quality of the information and with a very uncertain 
business environment (Classens and Fan, 2002; Zhang et al., 2013, 2017c). Moreover, most managers of this type of 
family firms usually consider that forecast production model would provide them with a low level of benefits, and do 
not have a clear understanding of the importance of this type of tools, when compared with managers of family firms 
in developed countries. Consequently, the first ones do not take advantage of the opportunities or benefits provided 
by the environment (Johnson et al., 2000; Baek et al., 2006). 
 
In contrast, there are few managers of agro-industrial family firms that work professionally and have a high level of 
market discipline, which is the same as managers of family enterprises from developed countries, but they generally 
have more limitations in the commercialization channels of the production of food, which reduces the benefits obtained 
(Zhang et al., 2013; Huang et al., 2017). Furthermore, this type of managers normally also take too many risks related 
to their role and with the needs of the market of food (Zhang et al., 2013). This is the result of the strong uncertainty 
of business that can affect significantly the future of the organization, as well as the results and the analysis forecast 
production model (Leuz et al., 2003; Graham et al., 2005). 
 
Additionally, this type of managers that are more professional in the performance of their activities try to obtain the 
biggest quantity available of benefits, that come from the analysis forecast production model of agricultural goods, by 
reducing as much as possible the risks of the market and the production costs. This allows them to have a better control 
of the information created in the production process and its communication, to the different areas or functional 
departments of the organization (Zhang et al., 2017a). Moreover, this type of managers also emphasize the type of 
information that can be transferred to both the inside and the outside of the very family firm, which reduces the levels 
of error and facilitates the design and analysis of the forecast production models (Zhang et al., 2017c). 
 
Finally, this type of activities carried by managers of agro-industrial family firms established in developing countries 
and with an emerging economy, have positive and significant effects in the benefits and the level of economic and 
financial performance of the organization as a whole (Zhang et al., 2017a). Therefore, the professionalization of 
managers creates less conflict in the production processes and in the commercialization systems of food products from 
agro-industrial family firms. At the same time, they create a smaller amount of conflicts with the main shareholders 
of the organization, mostly because of the excellent results obtained with the implementation of forecast production 
models of agricultural goods (Filatotchev et al., 2011; Zhang et al., 2013). 
 
3. Methodology  
 
An inference analysis was carried out for the attainment of the two analyses of linear regression of the forecast 
production models of agricultural crops of the agro-industrial family firm Frigorizados la Huerta, with the 
meteorological and production data available from the organization. First of all, a linear regression analysis was carried 
out with the last year of available data in order to have a pre-diagnostic of the production level in 2016. This is why 
the method was practically based in detecting the meteorological variables that had more influence at the level of 
agricultural production. In this regard, an alternative linear regression model was calculated for the forecast of the 
agricultural production in 2016, in order to compare the results obtained with the ones predicted. 
 
The most important independent variables that best define the agricultural performance (Tons/Hectares) were selected 
to develop the model of linear regression of the forecast production, which will be validated and discussed in future 
predictions (Chatterjee and Price, 2000). Similarly, the coefficients of the linear regression model were estimated by 
using the method of minimal squares, since this method rates the regression coefficients through the minimization of 
the sum of the squares of the deviations of the linear regression model proposed (Peña, 2002; Aranda et al., 2012). 
The equation of the linear regression model of the forecast production model is the following: 
 
                                                                     Ŷ = α0 + β1X1 + β2X2 + … + βpXp                                                          (1) 
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Where Ŷ is the predicted value and α0, β1,…, and βp are the estimations of the regression parameters. Therefore, the 
real value of Y IS: 
 
                                                            Y = α0 + β1X1 + β2X2 + … + βpXp + ε                                                              (2) 
 
Where ε is the prediction error of the linear regression model (Montgomery, 2004). In the same way, α0, β1,…, βp 
describe the expected changes in the prediction variable (Y = dependent variable), as a response to a unitary change 
made in X1 when the rest of the independent variables or predictors remain constant (Draper, 1998). This technique is 
not recommended to predict the dependent variable (Y), when the values of the set of independent variables or 
predictors (X), are out of the range of the data used to calculate the linear regression equation and for this case it will 
be necessary to make an extrapolation of the data and the error (Neter et al., 1996). 
 
Likewise, these linear regression model are frequently used to obtain an association and explanation between 
independent and dependent variables and they are widely used by several researchers, scholars and professionals in 
the field of engineering and business with very satisfactory results (Sousa et al., 2007). Moreover, the collinearity in 
the equations of the linear regression models between the independent variables may produce an incorrect 
identification of the most important predictors so that is why it is necessary to be very careful in this aspect. Therefore, 
the graphics (i.e. figures) and the linear regression analysis of the forecast production model of agricultural crops of 
the family firm, was carried out by using the SPSS 22.0 software. 
 
3.1 Sample 
 
For the development of the forecast prediction model of agricultural crops considered only the data of the production 
of broccoli from the enterprise Frigorizados la Huerta from 2010 to 2016 because around 70% of all the land cultivated 
for crops (350 hectares) corresponds to this products and, more specifically, the only data that will be taken into 
account will be the production of broccoli of the last available year (2016). Consequently, the forecast production 
model that will be analyzed and discussed afterwards will only consider the production of broccoli from 2016, in the 
four crops that are obtained annually as well as the meteorological variables that have more influence in the level of 
production, since the information of the concerning variables to the plant and the soil is in the recollection process. 
 
4. Results 
 
In order to analyze the fixed, random and individual effects of the meteorological variables that determine to a greater 
or lesser extent the level of production of agricultural products (broccoli), it will be estimated through a model of 
multiple linear regression by applying the comparative test of Hausman, between the production obtained and the 
individual effect of the variables in the production planned (Green, 1997; Thiele and Weiss, 2003; Akerele and 
Odeniyi, 2015; Akerele and Musediku, 2017). Therefore, the general specification of the individual effects of the 
forecast production model of agricultural crops is presented below (Model 2): 
 
                                                                 Y = α0 + β1X1 + β2X2 + … + βpXp + ε                                                         (3) 
 
Where Y is the forecast of the broccoli production, α0 is the constant that is correlated with the explanatory variables 
X1, y β1…βp are the constants that are totally correlated among them and uncorrelated with the error, which allows to 
identify some type of endogeneity between variables. Thus, the description of the explanatory variables in the linear 
regression model are presented below with a brief description of their meaning. 
 
X1 = Irrigation (m3/Hectare) 
X2 = Average Temperature (ºC) 
X3 = Thermal Sum (ºC) 
X4 = Thermal Time (ºC) 
X5 = Rain (mm) 
X6 = Relative humidity (mm) 
X7 = Average of Global Radiation (Wats/M2) 
X8 = Average of Evapotranspiration (Wats/M2) 
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       Figure 1. Total performance obtained in 2016 
 
Figure 1 shows the presence of a fluctuating (irregular) production of broccoli because even when at the beginning of 
the year there was a production of 17.86 tons per cultivated hectare, it decreased drastically in the mid-year obtaining 
9.18 tons per hectare, but the largest setback is at the end of the year with a production of only 6.67 tons of broccoli 
per cultivated hectare. Therefore, these data show the difficulty that the enterprise faces currently in terms of 
agricultural production, as it is too complicated to analyze a planning of the agro-industrial production and 
commercialization of broccoli. For this, it is necessary the development and implementation of a forecast production 
model that facilitates the planning systems of the production of the enterprise. 
 
In this regard, different published investigations in the current literature in the field of enterprises have provided 
enough empirical evidence not only about the importance of the forecast production models but also about the 
excellent results that have been obtained. So, in order to attempt to provide a forecast model of the production of 
broccoli that improves the results of the family business, a linear regression model was created considering the eight 
variables established previously and obtaining the following results: 
 
                  Y = 59.11 + 0.000X1 + 2.116X2 + 0.007X3 – 0.036X4 – 0.004X5 – 0.458X6 + 0.079X7 – 13.167X8         (4) 
 
Once the values of the line of the equation of the model of linear equation are obtained, the next step is to obtain the 
graphic of the prediction of the agricultural performance estimated for 2017 considering the same meteorological and 
broccoli production conditions. 
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      Figure 2. Projected total performance for 2017 

 
As it can be seen in Figure 2, the forecast production model of broccoli for 2017 shows a more regular production and 
the fluctuations that are shown in such figure are lower than the ones obtained without the model. Therefore, the 
development of the agricultural forecast production model, obtained through the analysis of linear regression, 
improves considerably the performance estimated for the family agro-industrial enterprise. Furthermore, these result 
allow executives the creation of a more effective and efficient planning model since the fluctuations of the production 
level, as it can be seen in Figure 2, are less accentuated and the performance of broccoli production tend to be higher 
than the one obtained without the implementation of the forecast model of agricultural production.  
 

 
       Figure 3. Total performance obtained vs. projected 
 
Figure 3 shows both the production of broccoli during 2016 (the lighter line) and the production estimated for 2017 
(the darker line), and it can be observed clearly the existing differences between both production which can provide 
enough empirical evidence about the importance of forecast models of agricultural production at a business level as 
well as the several benefits it provides to agro-industrial family enterprises that adopt them and implement them, 
including an adequate planning which is effective and efficient in the systems of agricultural production, a significant 
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decrease in the level of uncertainty in the production forecast, a significant improvement in the commercialization 
system of foods and a better level of sustainable development, among others. 
 
5. Discussion and conclusions  
 
The results obtained in this empirical research can help to conclude in two main aspects. Firstly, the process of 
agricultural production of the agro-industrial family firms in Mexico has some problems that are important to highlight 
because, according to the production data obtained and recorded in 2016, there are different production levels in the 
four seasons of the production of broccoli since the first production of the year tends to go down. The second one has 
a significant increase and in the third and fourth productions, there are different levels of growth and regression of the 
production. This creates severe problems not only in the planning process but also in the commercialization system of 
broccoli. 
 
Secondly, the forecast production model of broccoli for 2014, considering the same prevailing meteorological 
conditions during 2016, creates better conditions of the production of broccoli by reducing the level of uncertainty 
and increase significantly the efficiency in the forecast level of the systems of agricultural production. Moreover, the 
improvement in the efficiency of the forecast production model of broccoli will allow the management of the family 
enterprise a better decision making process by having a forecast model of agricultural production that, once it has the 
meteorological information and the data of the plant, it will facilitate the production processes and system as well as 
the sale of broccoli. 
 
Similarly, these results contain a series of implication for both the management of the family enterprise and the 
organization as a whole. In the case of the management, one of the most important implications that these results 
produce is that the agro-industrial activities have to be reassigned to the staff of the enterprise so there are enough 
employees to collect all the necessary information from both the process of sowing the broccoli and the meteorological 
conditions that are taking place in the field because the quality of the information is essential for the development of 
the forecast model of agricultural production. So, the more and the better the information can be obtained from all the 
variables that participate in the production process of broccoli, the better the development of the forecast model. 
 
Furthermore, the manager of the agro-industrial family firm has to assign a staff member to be in charge directly of 
the reception, organization and management of the information from the different areas of the company so this 
employee can enter the data into the forecast production model and manage it. In this regard, if the employee assigned 
to the management of the forecast model does not have the necessary knowledge and skills for the development of 
these important activities, then the management will have to look for some training courses or workshops regarding 
the use and management of information and communication technology, database and interpretation of statistical data. 
 
Additionally, the management of the agro-industrial family firm will have to provide the necessary economic resources 
to acquire agro-technology of information and communication in order to collect the information (both agricultural 
and meteorological), through electronic devices so it becomes more efficient and effective. Therefore, the agro-
technology obtained by the family enterprise will be essential to feed the forecast model in real time and create the 
predictions of the production of broccoli, or any other agricultural product, which will facilitate the development of 
an adequate planning of production as well as the commercialization activities of the agro-industrial products. 
 
In this trend of ideas, the agro-industrial family firm will have the opportunity to have an electronic forecast production 
system which will be able to produce several competitive advantages regarding their main competitors as they will 
have information of the production level of foods in real time and at the same moment when the model is fed. In this 
regard, the family enterprise will have reliable information that can facilitate the development of an adequate planning 
of the production and sale of broccoli in the market in which the enterprise participates. This will contribute with a 
significant cut on the response time to the orders placed by their main national and international clients, as well as a 
decrease in the total costs of the organization. 
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