
Abstract number: 011-0534 

Title: “Econometric model to forecast demand for agricultural machinery automotive” 

Author: Marcelo Reginaldo Dutra 

Organization: Universidade Estadual Paulista – UNESP 

Address: Antonio Piacente, 220 Marília - São Paulo, zip code: 17511-313 

Phone: 55 (14) 9776-9272 

E-mail: marcelord@feb.unesp.br 

 

Author: Jair Wagner de Souza Manfrinato 

Organization: Universidade Estadual Paulista – UNESP 

Address: Eng. Luiz Edmundo Coube, 14-01 Bauru - São Paulo, zip code: 17033-360   

Phone: 55 (14) 3103-6102 

E-mail: jwsouza@feb.unesp.br 
 

 

 

 

 

 

 

 

 

POMS 20th Annual Conference 

Orlando, Florida U.S.A. 

May 1 to May 4, 2009 

 

 

 

 

 

 

 



 1 

1. Introduction 

 The current global economic environment full of uncertainties caused by the financial 

crisis, which began with the burst of the real estate bubble in the U.S.A. and is spreading 

worldwide, it is totally nebulous and conflicting for businesses realize their forecasts and 

estimates of demand for future years based only to projections of GDP - Gross Domestic 

Product or simply projections of the dependent variable. 

 With the worsening of the crisis, all the time arise new revisions to the destination of 

the main reference index of world economies, made by companies of the risk classification, 

central banks, IMF, etc.. Many companies that, in principle, begin their forecasts based only 

on this indicator and of deterministic way, trying to guess the future, may suffer from the lack 

or the excess capacity if the forecasts are not assertive. 

 One option, with greater confidence of success, is the development of econometric 

models for forecasting that use economic and sector variables which can explain, with some 

significance, the demand for a product. With this model set, the statistics will contain the 

probability values that may occur, being possible, however, the measurement of risk involved 

in forecasting. 

On the basis of an economic theory or a hypothesis that a priori define the demand of 

the product, the estimation of econometric models is performed by multiple linear regressions 

(ordinary least squares method) and then the hypotheses are tested in order to verifying the 

significance of each variable in the model as well as the model as a whole, achieving ranges 

of likely values that may occur. 

 In this work, search, therefore, estimate an econometric model to forecast demand for 

agricultural machinery automotive in an attempt to identify the major significant variables in 

order to compare the results with the projections based on GDP or in simple projections of the 

dependent variable. 
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2. Bibliographic Review 

The market survey is the starting point for estimating the demand for a product. This 

step is of fundamental importance to identify and analyze the behavior of the main 

determinants of demand. 

According to Woiler and Matias (1996), the relevant factors to be considered in this 

analysis vary depending on the type of product, among them the consumer goods non-durable 

or durable and intermediate or capital goods production. 

The demand for a product of non-durable consumption, for example, may be related to 

law of the supply and demand that tends to vary inversely with the price when all other 

conditions remain constant. These are more stable even with economic fluctuations due to its 

characteristics of essentiality. 

The projections of investment in capital goods production are more volatile and 

subject to sudden fluctuations, being more affected in the decision making by level of idleness 

and obsolescence, economic growth and assessments of the rate of return (BLANCHARD, 

1999). 

The level of idleness with that capital goods production are being employed, defines 

the predisposition to invest, because of high levels of idle capacity may indicate a decrease in 

demand for products. The obsolescence is caused by constant technological innovation, where 

the companies not to follow, are at risk of losing competitiveness in terms of costs, quality, 

automation, etc. 

The economic expansion supported by the aggregate demand is a key factor for 

business investment, especially in sectors that have direct correlation with GDP. According to 

Blanchard (1999), in most industries producing durable consumer goods as well as the 
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intermediaries or the capital, the market growth rates follow the changes in GDP, albeit with 

lags amplitude and elasticity-income
1
 products. 

The final decisions go through evaluations of rates of return in the flow of current 

value, where they should be higher than the cost of capital or minimum rates of attractiveness, 

usually referenced by the fixed income (BLANCHARD, 1999). 

Having as main objective of this work, the definition of a model to forecast demand to 

capital goods production, agricultural machinery automotive, it will be considered only the 

influence of economic variables related to the performance of the GDP, and sectors related to 

the agricultural market. 

2.1. Simple Linear Regression Model 

The most basic model to examine the relationship between two variables is through 

simple linear regression. Based on the law of regression, Galton, a modern interpretation for 

the regression analysis, according Gujarati (2006, p.13) is: 

“The regression analysis is dealing with the study of the dependence of a variable, the 

dependent variable Y, for one or more variables, the explanatory variables X, to estimate the 

average (population) of the first in terms of values known or fixed (by sampling) of the 

second”.  

Mathematically, this definition can be written as: 

xi
Y ⋅+= ββ

21
                                                                                                                      (1) 

Where, 

1β   - is the intercept. Gives the average effect on Y of all the variables excluded from the 

model; 

2β  - is the slope. Measures the variation in the average value of Y per unit change in X. 

                                                 
1
 Measures the relative change in quantity demanded that occurs if a change in income. 



 4 

This is the first model to be analyzed to forecast demand for agricultural machinery 

automotive that is often obtained through the equation of the line using the graphics of the 

Microsoft Excel®. 

2.2. Econometric Model 

The second type of prediction proposed in this paper is based on econometric study, 

using mathematical functions applied to economics and statistical methods to translate in 

numbers the objects of the economic study. 

The econometric study, seeks to empirical verification of economic theory (Theil, 

1971, apud Gujarati, 2006). It is a quantitative analysis of phenomenon occurring on the 

current development of theory and observations and using appropriate methods of inference 

(Gujarati, 2006). 

Since the empirical and theoretical analyses are complementary and mutually 

reinforcing, the validity of the theories is tested on empirical data before they can be applied 

with confidence. 

Gujarati (2006) propose the following steps to define an econometric model: 

 

 

 

 

 

 

 

 

Figure 01 – Steps to econometric modeling 

Adapted from: (Gujarati, 2006, p.8) 
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2.2.1. Economic Theory or Hypothesis 

The Economic Theory to be discussed at this stage has as its starting point the 

assumption made initially to explain the behavior of the demand for capital goods production, 

i.e. the variables that affect the demand for agricultural machinery automotive are 

related to determinants of economic performance (GDP)? 

The primary objective of economic activity is to provide a volume of final goods and 

services to meet the needs and aspirations of the population. The greater levels of current 

production and increased their growth rates, greater can be the social satisfaction derived from 

the economy performance as a whole (BLANCHARD, 1999). 

The macroeconomic analysis shows why the economy fluctuates and what the 

mechanisms can be triggered to mitigate the disturbances, seeking to promote better economic 

performance. The issues related to economic performance are linked to the behavior of 

aggregate demand and the relationship between their effective levels and the offer capacity on 

full employment, as well as the behavior of aggregate demand and their pressures on the offer 

capacity that result in changes the general price index. 

Thus, according to Blanchard (1999) the aggregate demand has strong influence in 

determining the product and national income under different levels of employment and price. 

As shown in Figure 02, the factors "Ends" reflect the final outcome of the economic 

performance, as the growth of the Offer to full employment and price stability, whereas the 

factors "Means" are the policies and mechanisms adopted by the government to achieve 

factors "Ends." Thus, spending or government expenditure, consumption and investment 

private and trade balance are the main determinants of aggregate demand. 

Whereas the consumption and investment private is a function of disposable income 

and the level of interest rates, the econometric model based on aggregate demand will have 
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the following explanatory variables: the government spending, disposable income, interest 

rate and trade balance. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 02 – Means and Ends of macroeconomic policy. 

Source: (Blanchard, 1999, p.725) 
 

• Government Expenditure (GE) - the government participates in major flows of product 

generation and ownership through the aggregate income taxes, expenditures (expenses 

and investments). Taxes reduce the disposable income of households and businesses 

and increase the flow of Aggregate Demand, reintroduced the tax revenues. 

• Disposable Income (DI) - of all the determinants of Aggregate Demand, the level of 

disposable income is empirically the most important and has positive correlation with 

consumption, i.e. household consumption is given as a function of disposable income. 

As disposable income is the amount of consumption expenditures also tend to 

increase. Conversely, reducing income to the consumption expenditure also 

remarkably reduce the assets of less essential and sustainable use (BLANCHARD, 

1999). 

• Interest Rate (IR) - the basic interest rate of the economy serves as a parameter to 

capture and cost of money and also has the task of controlling inflation. By raising 

interest rates, it is believed to contain inflation in the demand, i.e. the price increase 

caused by over-consumption. The idea is to restrict the consumption of expensive 
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through the loans, however, the major dilemma of this operation is the decrease in 

growth potential of the economy, with higher rates because the private sector will have 

to bear higher costs to finance the expansion of their activities and consequently the 

least generation of new jobs. 

• Trade Balance (TB) - is the difference between export and import transactions from a 

particular country or a country has a trade surplus as exports to grow and reduce 

imports. The reflection of the growing trade balance is the increase in private 

production, generating enhancements in investment for expansion of the plant, 

affecting positively to economic growth. 

In addition, an important factor to be considered, especially the example of the 

significant growth in China in recent years, are the flows of foreign capital in the form of 

foreign direct investment (FDI), within a context of increasing financial openness (VIEIRA, 

2006) . 

2.2.2.   Mathematical model of the Theory 

Once defined economic theory or as in this case a hypothesis to be tested in the 

econometric model, the next step is the formulation of mathematical models of the theory.  

Following the previous definitions and assuming a priori a linear model, the only variable that 

in principle has sign opposite to the dependent variable is the interest rate, given its feature 

variable used by interventional BACEN (Central Bank of Brazil) to control inflation through 

of monetary tightening. Thus the mathematical model can be written as: 

xxxxxY
66554433221 ⋅+⋅+⋅−⋅+⋅+= ββββββ                                                               (2) 

Where, 

Y  - Product Demand 

x2
 - Government Expenditure 
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x3
 - Disposable Income 

x4
 - Interest Rate 

x5
 - Trade Balance 

x6
 - Foreign Direct Investment 

2.2.3. Econometric Model 

According to Gujarati (2006), a mathematical model as defined in equation (2) alone is 

limited because it assumes the existence of deterministic relationship between the dependent 

and explanatory variables, when in reality these relationships are inaccurate or stochastic. To 

compensate for these relationships inaccurate of the economic variables, it is an error term u i  

to represent all other factors that are not explicitly considered in the model. 

Thus, equation (2) becomes: 

uxxxxx i
Y +⋅+⋅+⋅−⋅+⋅+=

66554433221 ββββββ
                                                         (3) 

In summary, this model can be described as a function econometric based on multiple 

linear regression model, equation (4) below, which consider the assumption that the 

dependent variable Y is linearly related to explanatory variables ( xi
), but that relationship is 

subject to variations (ui
). 

uxxY ikki
++++= βββ ...

221
                                                                                        (4) 

2.2.4. Estimation of the econometric model 

As most of the time we have available for analysis is a sample of the population (Y), 

we estimate the function of regression based on sample information: 

uxxY ik
ki

ˆˆˆˆˆ ...
2

21

+⋅++⋅+= βββ                                                                                        (5) 

Where, 
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Y i
ˆ  - Estimator of )|( xi

YE ; 

β̂
1

 - Estimator of β
1
;  

 β̂
2

 - Estimator of β
2
; 

uiˆ  - Denotes the residual term of the sample. 

With this function, called the regression function of sample, it’s possible to estimate 

the parameter of the population from the information that we have the sample. In a regression 

analysis of the objective is not only achieve
β̂

1 , and 
β̂

2  but also inferences about the real 

β
1  and

β
2 . 

Due the variations of the sample, only realize point estimates such as the aggregate 

demand unit of a product, possibly will be different from the true value. However, if we 

assign a probability to include it within a range of true value of the parameter, it’s need to use 

the estimation of intervals. 

2.2.5. Test Hypothesis 

The objective of the test hypothesis is to verify that a given result is sufficiently close to 

the assumed value, so do not reject the hypothesis made. Hypothesis made is known as null 

hypothesis H 0  and generally is tested against an alternative hypothesisH 1 . 

The rejection of the null hypothesis or not depends on α, level of significance or the 

probability of committing a Type I error - the probability of rejecting a true hypothesis or a 

Type II error - the probability of accepting the hypothesis wrong. The exact level of 

significance is called p-value, the exact probability of committing an error of Type I. The p-

value is defined as the smallest significance level at which the null hypothesis can be rejected.  
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To decide whether the null hypothesis should be accepted or rejected, its need to 

develop two approaches complement each other, the confidence interval and test of 

significance. They postulate that the variable account has a distribution of probability and the 

test hypothesis involves the formulation of statements or claims regarding the value of such 

distribution. 

To determine the confidence interval when isn’t known the variance of the population 

σ
2

 is used the “t” distribution with n-k degrees of freedom
2
, to establish a confidence interval 

β
k : 

( ) α
αα

−=≤≤− 1Pr
2/2/ tt t

                                                                                                     (6) 

t 2/α  - is the t value obtained in the “t” distribution for a significance level α/2 and n-k degrees 

of freedom. 

Considering the confidence interval 100 (1 - α)% for β
k
, have: 






⋅± ββ α

ˆˆ
2/

kk

ept                                                                                                                 (7) 

ep  - Standard error, gives estimates for the standard deviations of distributions of 

coefficients, and for measuring the reliability statistics that can be related to these estimates. 

Thus is defined that the larger the standard error, the greater the amplitude of the 

confidence interval, creating more uncertainty to estimate the true value of the population. 

The statistical test is significant if the value of “t” is within the critical region, 

rejecting the null hypothesis in this case. Similarly a test is considered statistically 

insignificant if the value of the test is within the region of acceptance. 

                                                 
2
 The number of degrees of freedom is the number of observations in the sample (n) minus the number of 

restrictions (independent variables) imposed on him. A model with varying k has n-k degrees of freedom. 
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In summary, the procedure of the confidence interval attempts to establish a band or 

range with a probability of including the true value, but the unknown
β

k , while the test of 

significance is done an assumption for the value of 
β

k  and notes if 
β̂

k  calculated is within 

reasonable limits around the theoretical value. 

Once that 
β̂

k  is in the critical region, reject the null hypothesis. 

2.2.6.  Forecast 

According to Gujarati (2006), if the chosen model does not refute the theory or 

hypothesis in question, you can use it to predict future values of the dependent variable Y, 

based on known or expected future values of independent variables X. 

From the equation (5), Y i
ˆ

 is the estimator of the real 
)(Y i

E
 corresponding to given 

X. Being an estimator is likely to be different from the true value and this difference is the 

error of the model prediction. The assessment of this error follows “t” distribution with n-k 

degrees of freedom can be used to obtain confidence intervals of the true expected value and 

test hypotheses as below: 

( ) ( )[ ] α
αα

−=⋅≤≤⋅ +− 1Pr ˆˆˆˆ
2/2/ YtYYYtY ii
ep

i
ep

i                                                             (8) 

To the case of multiple regression, the formulas for estimating the standard errors of 

the predicted value is obtained by matrix
3
 methods very complicated, but through programs of 

these regression values can be easily obtained (Gujarati, 2006). 

3. Materials and Method 

Gujarati (2006) cites a series of checks to see if the chosen model is specified 

correctly. Initially, there are some general aspects of the results, as the value of the Adjusted 

                                                 
3
 See Appendix C (Gujarati, 2006) 
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Coefficient of DeterminationR
2

, estimates “t”, the signs of the estimated coefficients on the 

expectations and a priori statistics of Durbin-Watson.   

3.1. Detecting presence of irrelevant variables 

This test determines whether one or more variables of the regression can be deleted 

without major consequences. If in the development of a model are not entirely certain that the 

variable xk  of the equation (5) fit the model, a simple way to check is to test the significance 

of the β̂
k

 estimated by the “t” test, or simply the p-value.  

Under the null hypothesis of: 

H 0 : the variable xk  is irrelevant 

A small value for the probability suggests the rejection of the null hypothesis. A value 

less than 0.05, indicates that the probability that the variable xk  is not redundant is 95%.  

If the hypothesis is rejected the variables are not redundant, i.e. can not be excluded from the 

regression without compromising the level of explanation of the dependent variable. 

To validate the method, first of all will be tested a model of the economic theory as 

defined in section 3.2.1, where the GDP (Gross Domestic Product) is the dependent variable 

and the variables considered as determinants of economic growth are the independent 

variables 

The table 1 presents the historical data that will be used for defining the regression 

model. These data were collected on the site http://www.ipeadata.gov.br/ for the period 

between 1995 and 2007, whose series have been deflated by the INPC (National Index of 

Consumer Prices).  
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Year 
GE

4
 

(R$E+6) 
DI

5
 

(R$) 

IR
6
 

(%a.a) 
TB 

(US$E+6) 
FDI 

US$(E+6) 
GDP 

 (R$E+6) 

SOY
7
 

(R$)/kg 
PROD

8
 

(unit) 

1995 462.118 230 43,36 -3.466 4.405 1.671.255 0,162 29.161 

1996 548.656 240 24,47 -5.599 10.792 1.730.361 0,232 22.118 

1997 602.352 246 22,37 -6.753 18.993 1.816.659 0,268 31.652 

1998 736.043 256 25,58 -6.575 28.856 1.825.211 0,225 33.412 

1999 908.949 258 23,02 -1.199 28.578 1.893.214 0,263 28.176 

2000 940.537 267 16,18 -698 32.779 1.973.933 0,286 35.501 

2001 1.006.999 292 16,08 2.650 22.457 2.027.347 0,354 44.339 

2002 1.162.096 299 17,67 13.121 16.590 2.087.909 0,502 52.010 

2003 1.099.892 301 21,17 24.794 10.144 2.053.478 0,617 61.026 

2004 1.087.507 312 15,15 33.641 18.146 2.206.888 0,661 69.418 

2005 1.085.493 334 17,57 44.703 15.066 2.307.792 0,484 52.871 

2006 1.123.506 381 14,13 46.457 18.822 2.466.607 0,420 46.065 

2007 1.150.357 404 11,28 40.027 34.585 2.558.821 0,508 65.003 

2008 1.069.579 419 11,82 24.746 45.060 - 0,712 84.512 
2009

9
 - 437** 11,20* 14.000* 22.500* - 0,712**   - 

Table 1 –Macroeconomics e agricultural dada from Brazil 

Source: http://www.ipeadata.gov.br/ 

For the simulation was used the tool to Microsoft Excel® in the function regression 

analysis, obtaining the following results: 

 
Table 02 – Regression Analysis - GDP 

                                                 
4
 Government Expenditure: Public Sector Net Debt (Total) - Includes the federal government and Central Bank, 

state governments, municipal governments and state enterprises. 
5
 Disposable Income - Due to unavailability of data on the available income will be used the annual average 

value of the Minimum Wage real. 

6 Interest Rate: Selic is the average of the interest that the government pays to banks who lent him money. 

7 Soya: Average price received by producers. 

8 Production - automotive agricultural machinery. Includes harvesters, motor cultivators, backhoe, tractors of 

treadmills and wheeled tractors. 
9
 *Forecasts for 2009 as Focus report issued by the Central Bank of Brazil on 06/02/2009 at the site 

http://www4.bcb.gov.br/ 

** Estimated value. 

Summary of Results 

Statistics of regression

Multiple R 0,997664937 
R-Squared 0,995335326 
R-square adjusted 0,992003417 
Standard error 24576,37533 
Samples 13 

ANOVA 
gl SQ MQ F F of significance 

Regression 5 9,02156E+11 1,804E+11 298,728185 5,35066E-08 
Residue 7 4227987571 603998224 
Total 12 9,06384E+11 

Coefficients Standard error Stat t value-P 95% lower 95% higher Lower 95,0% Higher 95,0% 
Intersection 1090635,72 142096,3778 7,6753239 0,00011864 754631,1793 1426640,261 754631,1793 1426640,261 
GE 0,043379746 0,061587867 0,7043554 0,5039633 -0,102252418 0,189011909 -0,102252418 0,189011909 
DI 2919,818824 451,0477323 6,4734143 0,00034261 1853,260418 3986,37723 1853,260418 3986,37723 
IR -2948,076076 1782,217211 -1,654162 0,14207044 -7162,350114 1266,197963 -7162,350114 1266,197963 
TB 4,261283201 1,163359422 3,662912 0,00803927 1,510375298 7,012191104 1,510375298 7,012191104 
FDI 3,032501033 1,269358903 2,3890021 0,04823951 0,030944187 6,034057879 0,030944187 6,034057879 
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The value of the Adjusted Coefficient of Determination R
2
= 0.992 was near its 

maximum value, indicating that the variables considered in the model explains approximately 

99.2% of the behavior of GDP, with a standard error of 1.2% compared to historical average . 

All signs of the coefficients also coincided with the initial hypothesis of the theory, however, 

the high p-value of the variable GE (0.503) suggests that this is an irrelevant variable in the 

model. 

Excluding the variable GE of the regression model and performing the analysis again 

observe that all p-values were below the significance level of 5% (0.05), and has been a slight 

increase in the value R
2
 = 0.9925 even with the reduction of a variable. 

 
Table 03 –  Regression Analysis - GDP omitting GE 

There were also reductions in standard error and the value F = 3.1 E-09 which indicates 

the significance level at which the null hypothesis of the regression model can be rejected. As 

the F value is near zero, it is accepted the null hypothesis that the variable GE is redundant 

and should be eliminated from the model. 

3.2. Tests to verify the omission of relevant variables 

This test determines whether one or more variables omitted from the regression should 

have been included or not in the model. The criterion is whether the omitted variables would 

Summary of Results

Statistics of regression

Multiple R 0,997499235

R-Squared 0,995004723

R-square adjusted 0,992507085

Standard error 23789,81153

Samples 13

ANOVA 
gl SQ MQ F F of significance

Regression 4 9,01857E+11 2,255E+11 398,378229 3,10077E-09

Residue 8 4527641062 565955133

Total 12 9,06384E+11

Coefficients Standard error Stat t value-P 95% lower 95% higher Lower 95,0% Higher 95,0% 
Intersection 1142757,46 117425,023 9,7318053 1,0394E-05 871974,8713 1413540,048 871974,8713 1413540,048

GE 2908,641289 436,3416955 6,6659715 0,00015817 1902,435536 3914,847042 1902,435536 3914,847042

IR -3634,912638 1444,041047 -2,517181 0,03596635 -6964,877261 -304,948015 -6964,877261 -304,948015

TB 4,521450556 1,067857616 4,2341324 0,00286022 2,058966479 6,983934633 2,058966479 6,983934633

FDI 3,105285575 1,224654973 2,5356412 0,03494713 0,281226145 5,929345006 0,281226145 5,929345006
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have significant contribution in explaining the dependent variable, i.e. whether they are 

significant.  

 H 0
: The omitted variables are not significant 

In this test, it will omit the variable FDI, on the assumption that it would not share the 

pattern of growth of aggregate demand, as illustrated in Figure 02 of the economic model. 

The result of regression (Table 04) is that there is a reduction of R
2
= 0.987, an 

increase in p-value of the intersection and increase the standard error of regression. Compared 

to the last regression, we can reject the null hypothesis, since the FDI variable is statistically 

significant and should be in the model. 

 
Table 04 – Regression Analysis - GDP omitting FDI 

If the tests are reasonably well established before one can say that the model chosen is 

adequate representation of reality (Gujarati, 2006). In this case the model chosen for the 

example of the variable GDP is the Table 03. 

3.3. Tests for detecting incorrect functional form. 

If the results found in previous tests are not satisfactory and verify the adequacy is one 

of the factors above, Gujarati (2006) cites the residue test to identify errors in functional form. 

Summary of Results

Statistics of regression

Multiple R 0,995484855

R-Squared 0,990990097

R-square adjusted 0,987986796

Standard error 30122,77857

Samples 13

ANOVA 
gl SQ MQ F F of significance

Regression 3 8,98218E+11 2,994E+11 329,966955 1,61218E-09

Residue 9 8166436098 907381789

Total 12 9,06384E+11

Coefficients Standard error Stat t value-P 95% lower 95% higher Lower 95,0% Higher 95,0% 
Intersection 1092145,133 146520,3275 7,4538813 3,8763E-05 760693,125 1423597,14 760693,125 1423597,14

DI 3504,310019 465,5907066 7,5265893 3,5913E-05 2451,070669 4557,549368 2451,070669 4557,549368

IR -5448,931526 1588,290251 -3,43069 0,00750006 -9041,893686 -1855,969365 -9041,893686 -1855,969365

TB 2,736570461 1,016772249 2,6914291 0,02473854 0,436471839 5,036669082 0,436471839 5,036669082
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The test of residues can be used in the search for errors in specifying the model as the 

omission of an important variable or incorrect functional form. If such errors are incurred in 

the model, a plot of residues presents characteristic patterns. Figure 03 below illustrates an 

example of three attempts to adjust the regression model for the cubic function of production 

cost of Coubb-Douglas. As we approach the truth (from left to right) residues are not only 

smaller but also don’t show marked cyclical swings associated with poorly adjusted models. 

If there are errors of specification waste exhibit striking patterns. 

uiˆ    

 

 

 

 

 

Figure 03 – Waste uiˆ  of total cost functions of (a) linear, (b) quadratic and (c) cubic. 

Source: Gujarati, (2006, p.419) 

Another indicator of error of specification can be obtained by statistical d of Durbin-

Watson that is a measure of the degree of serial correlation of orders one of the residues. 

                                                                                                       (9) 

 

Where, 

et
 – residues in time t 

SQR – sum of squares of residues 

For d <1.5 indicates positive serial correlation; d > 2.5 indicates negative serial correlation; 

d=2 means that, there isn’t error of specification. 
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4. Results 

4.1. Results with Simple Linear Regression Model 

With the data from Table 1 (1995 to 2007) and using the tool Microsoft ® Excel in the 

function graphs, it was generated the graph from the variable itself (production of agricultural 

machinery) over time, obtaining the equation of line in Figure 04.  

y = 3351x + 20447

R
2
 = 0,7272
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Figure 04 – Graph: Production of agricultural machinery with the line equation 

Despite the high value found for the ²R = 0.727, the line found only indicates the 

average value of the series, not reflecting the range occurring in the historical series. 

In the second test of the simple regression model was considered the GDP as an 

explanatory variable and the production of agricultural machinery as the dependent variable. 

 
Table 05 – Simple linear regression models - Production of machines with GDP 

Summary of Results 

Statistics of regression 
Multiple R 0,7762338 
R-Squared 0,6025389 
R-square adjusted 0,5664061 
Standard error 10077,138 
Samples 13 

ANOVA 
gl SQ MQ F F of significance 

Regression 1 1693392423 1693392423 16,67566763 0,001809143 
Residue 11 1117035735 101548703,2 
Total 12 2810428158 

Coefficients Standard error Stat t value-P 95% lower 95% higher Lower 95,0% Higher 95,0% 
Intersection -44603,227 21853,36356 -2,04102344 0,065987754 -92702,15615 3495,701585 -92702,15615 3495,701585 
GDP 0,0432238 0,010584759 4,083585145 0,001809143 0,019926867 0,066520662 0,019926867 0,066520662 
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In this case was used the tool from Microsoft Excel® in the function regression 

analysis. The results shown in Table 05 also indicate the small explanatory power with 

²R =0.566 and standard error of approximately 10,077 units. 

4.2. Results with the Econometric Model 

Using the methodology of Chapter 3, will be tested the variables that explain the 

behavior of demand for agricultural machinery automotive, using the initial hypothesis with 

the variables determining of the economic growth. 

In the first test, detection of the presence of irrelevant variables, it will used the 

independent variables of the model chosen for the GDP (Table 03) in Chapter 3 and, as a 

dependent variable was used the production of agricultural machinery automotive (Table 1). 

Table 06 – Regression analysis - Production of Agricultural Machinery 

The results, ²R =0.505 and all p-values above 0.05, indicating that there is not 

significance in relations between the variables considered. Thus, rejects the hypothesis that 

the behavior of demand for agricultural machinery automotive is not related only with factors 

of economic growth. 

  Thus, a new variable is added to the model to capture the behavior of the agricultural 

sector. Will be considered, however, the average price of soybean received by producers, 

which represents the income of farmers who buy the machines for this cultivation. Suppose 

Summary of Results 

Statistics of regression 
Multiple R 0,818776958 
R-Squared 0,670395707 
R-square adjusted 0,50559356 
Standard error 10760,62955 
Samples 13 

ANOVA 
gl SQ MQ F F of significance 

Regression 4 1884098971 471024743 4,06788213 0,043451624 
Residue 8 926329186,7 115791148 
Total 12 2810428158 

Coefficients Standard error Stat t value-P 95% lower 95% higher Lower 95,0% Higher 95,0% 
Intersection 53747,13685 53113,79498 1,0119242 0,34119774 -68733,49391 176227,7676 -68733,49391 176227,7676 
DI -15,52102038 197,3664792 -0,0786406 0,93924994 -470,6489372 439,6068964 -470,6489372 439,6068964 
IR -506,1093414 653,1699817 -0,7748509 0,46071403 -2012,322019 1000,103336 -2012,322019 1000,103336 
TB 0,506051007 0,483014344 1,0476935 0,32539841 -0,607782068 1,619884082 -0,607782068 1,619884082 
FDI -0,094789076 0,55393707 -0,1711189 0,86837925 -1,37217025 1,182592097 -1,37217025 1,182592097 
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that fluctuations in the price of soybeans may cause fluctuations in demand for agricultural 

machinery. 

 
Table 07 – Regression analysis - Production of agricultural machinery with SOY. 

In the Table 07 is seen a significant increase in ²R = 0.940, reductions in p-values and 

a reduction in the F of significance (significance test of all variables in the model), indicating 

that the variable price of soybeans should remain in the model. 

Continuing the test for detecting irrelevant variables in the model, will be omitted the 

variable with higher p-value (TB = 0.448).  

 
Table 08 – Regression analysis - Production of Agricultural Machinery omitting TB 

Summary of Results 

Statistics of regression 
Multiple R 0,982623667 
R-Squared 0,965549272 
R-square adjusted 0,940941609 
Standard error 3719,087771 
Samples 13 

ANOVA 
gl SQ MQ F F of significance 

Regression 5 2713606861 542721372 39,2377475 5,65468E-05 
Residue 7 96821296,92 13831614 
Total 12 2810428158 

Coefficients Standard error Stat t value-P 95% lower 95% higher Lower 95,0% Higher 95,0% 
Intersection -50798,92374 22786,75699 -2,2293178 0,06103227 -104681,0419 3083,194447 -104681,0419 3083,194447 
DI 123,0207029 70,52068583 1,7444627 0,12459539 -43,734221 289,7756268 -43,734221 289,7756268 
IR 713,5211286 275,2556492 2,5922125 0,03582914 62,64494527 1364,397312 62,64494527 1364,397312 
TB -0,15043107 0,187229629 -0,8034576 0,44812923 -0,593158791 0,29229665 -0,593158791 0,29229665 
FDI 0,339039646 0,199479335 1,6996229 0,13300178 -0,132654027 0,810733319 -0,132654027 0,810733319 
SOY 102162,7559 13192,24679 7,7441514 0,00011211 70968,04926 133357,4626 70968,04926 133357,4626 

Summary of Results 

Statistics of regression 
Multiple R 0,981005711 
R-Squared 0,962372205 
R-square adjusted 0,943558308 
Standard error 3635,763573 
Samples 13 

ANOVA 
gl SQ MQ F F of significance 

Regression 4 2704677944 676169486 51,152198 9,72145E-06 
Residue 8 105750214,1 13218777 
Total 12 2810428158 

Coefficients Standard error Stat t value-P 95% lower 95% higher Lower 95,0% Higher 95,0% 
Intersection -36939,51894 14555,47679 -2,5378433 0,03482752 -70504,50858 -3374,529298 -70504,50858 -3374,529298 
DI   72,33128258 30,80484267 2,3480491 0,04682364 1,295188048 143,3673771 1,295188048 143,3673771 
IR 683,3150142 266,5669739 2,5633896 0,03346999 68,61047064 1298,019558 68,61047064 1298,019558 
FDI 0,409070229 0,175409286 2,3320899 0,04800482 0,004575691 0,813564767 0,004575691 0,813564767 
SOY 97363,6957 11499,05559 8,4671037 2,896E-05 70846,82598 123880,5654 70846,82598 123880,5654 
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The results in Table 08 indicates that this variable is irrelevant to the model, because 

even with the reduction of one variable was a small increase in the ²R =0.943, and all p-

values remain below 0.05 and the reduction in the F of significance.  

In the second test to verify the omission of relevant variables, it was again omitted 

variable FDI and, there was a significant deterioration in all indicators, suggesting that this is 

a variable that should be considered in the model. 

For the detection of incorrect functional form, Figure 05 shows the testing of residues 

to the chosen model. The graph not shows major fluctuations of the residues, as quoted by 

Gujarati (2006) in section 4.3. 

 

 

 
 

 

 

 

 

 

 

Figure 05 – Residues Graph for functional evaluation of the regression model 

The statistics d of Durbin-Watson for the model was d=2.33 indicating absence of 

autocorrelation and that the model was specified as it should. 

Having chosen the model that best represents the behavior of historical series of the 

dependent variable (Production of Agricultural Machinery Automotive) the next step is to 

check the adherence of the estimated values with the values of the historical series and also to 

perform forecasting future periods. Of the Figure 05, it’s possible to get the equation for the 

prediction of the model: 

SOYFDIIRDIY i
⋅+⋅+⋅+⋅+−= 7.97363409.03.6833.7236939ˆ                                             (10) 
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 The above model returns the average for each period “i” considered in the forecast. To 

find the intervals at the level of significance α  is used the equation (8), whereas for α = 5%, 

t 2/α
= 2.26, for α = 10%, t 2/α

= 1.83 with n-4 degrees of freedom and standard error of type 

( )Y i
ep ˆ = 3636. The data for the years 2008 and 2009 are in Table 1. 

Figure 06 – Graph: Forecast of Agricultural Machinery in Regression Model  

The graph above shows the historical series and the confidence bands for each level of 

significance α =5% and α =10%. It is observed that the extent that it increases the 

significance level of 5% to 10% occurs a reduction in the width of the band indicating the 

reduction of confidence in the likelihood of containing the true value in the range of estimates 

α. The dashed line represents the period of 2008 that was not considered in the regression 

analysis. 

5. Conclusion 

It is observed that the econometric method, proposed by Gujarati showed more 

satisfactory results than those obtained by simple regressions commonly used by companies 

to design the demand for their products, based only on historical series of the variable itself.  

The model analysis for prediction of agricultural machinery automotive reflected 

about 94% of the performance of the series for production from 1995 to 2007. Through this 
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methodology was rejected the hypothesis that the behavior of demand for this product is only 

related to the determinants of economic performance variables, as necessary, however, add a 

variable in the agricultural sector to achieve the desired level of significance.  

 The tests rejected the economic variables Government Expenditure and Trade 

Balance, directing the acceptance of a model with economic variables Disposable Income, 

Interest Rate and FDI showed that p-values below 5%, and the variable agricultural SOY, 

which resulted in a probability of rejection of 0.00289% being considered the most 

representative variable of the model.  

The difficulty encountered in this approach was to obtain adequate historical data to 

the theory or hypothesis and data set for future conduct of the forecast, however, the 

simulation of scenarios with likely values of these variables provides several options for the 

decision. 
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