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Imports and exports have a major influence on Gross Domestic Product. In this study it was 
made a non-linear regression model based on the Cobb-Douglas function. Production 
function is used in many economic researches. This function captures well the relationship 
between GDP as a dependent variable and imports and exports of wood product as 
independent variables. Imports and exports of wood products analyzed in this paper are 
the sum of the following types of wood products: wood fuel, industrial coniferous round 
wood, industrial hardwood, charcoal, wood waste, coniferous timber and hardwood timber, 
veneer sheets, plywood, chipboard, OSB, paper. The statistical calculation was made using 
the R language in the RStudio program. The interval analyzed is between 1999 and 2016. 
During this range, the period of 2008-2009, a period of economic crisis, with a negative 
impact on imports of wood, was highlighted. The function has the sum of indicators higher 
than 1, so it can be concluded that imports and exports of wood mass accelerate Romania's 
GDP growth. Taking into account the Cobb-Douglas function obtained, it can be concluded 
that with a 1% increase in imports of wood products, GDP will increase by 0.747%, and 
with a 1% increase in exports of wood products, the value of GDP will increase by 0.4743%. 
The developed model highlights the importance of the forestry sector and its link with a 
macroeconomic indicator that highlights the state of the economy. 
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1. Introduction 

Imports and exports are a fundamental part of the economy of any country. These two economic 
macroindicators directly influence GDP. Specialised literature mentions a strong correlation between the 
increase of GDP and the increase of exports, as well as the negative influence on GDP increase exerted by 
imports. In this context we decided to explore the connection between cereal exports and imports and the 
GDP of Romania.   

In our country the cereal product market is dynamic and diverse, and enjoys great importance in 
developing both the agricultural sector and the food industry. The area cultivated with cereals in Romania at 
the end of 2018 was 8.5 million hectares, i.e. 39.5% of the total surface (Report on Romanian agriculture, 
2018). 

From the point of view of the degree of cereal cultures, Romania is above the European average of 
38%, being on the 11th position. The branch of agricultural economy contributes a total of 6.5% of the GDP, 
out of which the cereal sector has a direct contribution of 3.1%- 3.5%, according to PwC Romania. The same 
agricultural sector accounts for 8.5% of the exports, estimated at more than 5 billion euros. Taking into 
consideration these aspects, it may be said that the cereal sector is quite important in the economic 
development of our country, since cereals and cereal-based processed products are to be found in all areas of 
activity. In this context, this market should be managed and exploited in a sustainable manner, and at the 
same time able to meet the demands of the consumerist society of today.   
  
2. Purpose and objectives 

The purpose of the paper is to perform an econometric analysis of the values of imports and exports 
of cereal products — as independent variables, and the values of GDP — the dependent variable, within the 
interval 1999-2016. What the authors intended was to create an econometric model able to allow foreseeing 
the evolution of the country’s economy, taking as a reference point the macroeconomic indicator GDP, 
depending on the increase or decrease of the imports and exports of cereal-based products.   

The objectives of this study are the analysis of the data collected within 1999-2016, finding an 
econometric model, namely the influence of import and export on the GDP of Romania, as well as data 
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processing by the Rstudio program. This program performs data processing by means of the R Language, 
specialised in database analysis.  

 
3. Literature review 

”The Gross Domestic Product (GDP) is a macroeconomic indicator reflecting the sum of the market 
value of all goods and services destined to final consumers, which are produced in all the branches of a 
country’s economy within a year” (Jemma, D., V, 2012). GDP is a macroeconomic indicator which clearly 
reflects the evolution of a country’s economy. In Romania GDP is calculated for various periods of time, like a 
term or a year.  

Export is a commercial operation whereby a part of the goods produced, processed, completed or 
repaired in a country are is sold on the market of other countries. Export is an important part of the economy, 
having a defining impact (Macovei, A. G., Balan, I., 2009). The values of export are closely connected to a 
country’s production. The export of goods is tightly linked to the economic structure and development level 
of companies involved in this process.  Exports allow companies to develop and diversify products and 
services in order to match the market demand as closely as possible. Due to their importance, exports or the 
export area is a large part of a country’s economy. Thus, in the European Union 2010 and 2017, jobs in this 
particular sector accounted for 10.3% of the total, reaching 14% in 2018.  

In Romania foreign trade has undergone many changes recently. One major change occurred in 1990 
after the change of the political regime, and another notable change happened in 2007, when Romania joined 
the European Union. 

Imports constitute the totality of commercial operations introducing in the country merchandise/ 
products purchased in a different country.  Imports are a part of the economy that directly influences the 
GDP, as they are connected to the country’s production: if production is high, then imports are low, and if the 
production decreases, and the consumers’ needs are constant, then imports need to increase.   

Imports, unlike exports, reflect the economic weaknesses of a country. The needs of a nation that are 
not met by its own domestic production are made up for by means of imports. But this means the creation of 
a dependence upon the export ability of another country. In some cases, high reliance on imports creates a 
higher variability of the positive effects on the long-term welfare of a country. In other words, imports may 
have positive effects on short term, as they may compensate certain annual deficiencies produced by various 
causes, but on long term, unless the country’s own production undergoes an increase, unfavourable effects 
may occur.  

In the case of Romania, imports are higher than exports. In 2018, exports increased by 10.1%, and 
imports by 13.2%, as compared to 2017.     

The production function was developed by the American economists Paul Douglas and Charles Cobb 
in 1928 (Macovei, A. G., Siretean, S. T, 2017). This function is a model of multiple non-linear regression of the 
log-linear type, generating the log-linear model at a number  k of independent variables (Bănică, E., Vasile, V., 
Boboc, C, 2018). The model devised in the present paper contains a dependent variable, GDP, and two 
independent variables, cereal product imports and exports.   

The Cobb-Douglas production function uses as variables the imports of cereal products (imp_t) and 
the export of cereal products (exp_t)  which are the main factors of production increase. The  Cobb-Douglas 
production function may be expressed as: 
 

1 2_ exp_PIB imp t t    ,  1 2, 1,1 , 0     ,  (1) 

where: 

-   is the regression coefficient or the average value of the dependent variable GDP when 
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The  Cobb-Douglas production function is a multiple regression non-linear function.   
The total elasticity in relation to the imports and exports of cereal products results from the relation: 
 

1 2
ˆ ˆ   (3) 

 

If 1 2
ˆ ˆ 1   , then the production variation is constant in relation to the two factors. 



 

   171 

If 1 2
ˆ ˆ 1   , then the production variation is accelerated in relation to the two factors.   

If 1 2
ˆ ˆ 1   , then the production variation is low in relation to the two factors.   

R Language is a language and a medium for statistic calculus and graphic representation. R Language 
provides a wide range of statistical methods (linear and nonlinear modelling, classic statistical tests, time 
analyses, classification, grouping, etc.)  and graphic techniques, and is very extensible, its use being limited by 
the user’s abilities (Jula, D., Jula, D, 2018). R Language has an integrated range of software facilities for data 
handling, calculation and graphic display. R Language includes: an efficient unit of data handling and storage, 
a large and integrated collection of intermediary tools for data analysis, graphic facilities for data analysis and 
display, electronically or in writing, and a well-developed, simple, and efficient programming language which 
includes conditionalities, loops, recursive functions defined by the user and input-output facilities. R 
Language is an intuitive language, so that it is accessible to people without specialised IT training.  An  
important aspect of this programming language is that it does not need to draw up an entire program (as it is 
the case in C, C++, Fortran, Pascal) to be able to execute commands. In the R Language each code line is 
executed individually. RStudio is an integrated development environment (IDE – Integrated Development 
Environment) for R. it includes a console, a syntax editor evincing the direct code execution, as well as tools 
for graphs, background, repairs and working space management 
(https://www.rstudio.com/products/RStudio). 

 
4. Research methodology 

In order to have a comprehensive view on the GDP, the present study took into account the relevant 
values  within the interval 1987 - 2016, but the statistical analysis only used the values within the interval 
1999 – 2016 (www.bancamondiala.com).  
 

 
Figure 1. GDP evolution in Romania 1987 - 2016 

Source: www.bancamondiala.com 
 
The graph evinces the increase in the early 2000s, which reached a peak in 2008. In  2000 the value 

of GDP was $37.438 billion, and in  2008 it was $208.181 billion, i.e. a 456.06% increase. It may be said that it 
is one of the most spectacular increases in Romania’s recent history. The sharp fall in 2009 corresponds to 
the year when the world economic crisis also affected Romania.   

Out of the many products exported by Romania, the present study chose the most important cereal 
products. The data used in the econometric analysis are taken from 
http://www.fao.org/faostat/en/#data/FT. 

 

http://www.fao.org/faostat/en/#data/FT
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Figure 2. Total exports of cereal products 1999-2016 

Source: http://www.fao.org/home/en/ 
 
One may thus see the upward trend of this indicator, starting in 1999 from the value of  $0.39 billion, 

to a peak in 2013, with a value of $1.76 billion, thus registering an increase of  347.73%, i.e. an increase in the 
exports of cereal products of about 3.5 times.  In 2014 and 2016 there was a sharp fall. According to PwC 
Romania, in 2014, Romania was the 9th most important processor and trader of cereal products in EU, 
contributing 3% of the total cereal products processed and traded in the European Union (420.4 bn m3). But 
taking into account the low degree of cereal processing in our country, this contribution may increase (PwC 
Romania, 2016). It is worth mentioning that there is a sharp difference from the value of  $1.70 billion in 
2014 to the value of $1.15 billion in 2016, which means a decrease by 32.46%, although Romania has a huge 
potential to develop its agricultural sector. These changes in the cereal exports may be a consequence of the 
change of cereal production in Romania.   

Regarding the imports, raw material imports that can lie at the basis of a strong industry may 
generate a very powerful economic mechanism. Nowadays, Romania mostly imports auto parts and 
accessories, crude oil, medicines and antibiotics, cars, wires, cables, and other electric conductors. Out of the 
many products imported by Romania, we chose to analyse the cereal-based processed products in the 
present study.   

 

 
Figure 3. Total cereal imports within 1999-2016 

 
It may be seen that the import value is on the increase. A peak was registered in 2007 as compared to 

2006, with a 46.93% increase. This increase may be accounted for by Romania’s ascension to EU, which 
eliminated a part of the customs duties. It is worth mentioning that 2007-2009 marked a period when 
imports fell dramatically, from $0.5 billion in 2007 to $0.35 billion in 2009, which is a 30.14% decrease. 

http://www.fao.org/home/en/
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These import cuts may be accounted for by the fact that in 2008, and 2009 respectively, Romania was in 
economic crisis, and the country’s entire economy was adversely affected by this phenomenon. The same 
happened to the processing industry using the main raw materials.  

 
5. Statistical data analysis 

The purpose of the analysis is to devise a model allowing to foresee the evolution manner of the 
country’s economy, taking into account the macroeconomic indicator GDP, function of the increase or 
decrease of cereal imports or exports. The Cobb-Douglas function or the production function is among the 
most widely used tools in the economic environment. We chose this model as the exponential function best 
captures the manner in which GDP evolves under circumstances of economic growth.     

In order to calculate the Cobb-Douglas production function the data were logarithmed, and the 
coefficients of the Cobb-Douglas function between GDP and the values of the cereal products imports and 
exports obtained after running the model are found in Table 1. In the RStudio program commands are 
executed at the command line: at the top of Table 1 one may notice the command sequence used.  

 
Table 1. The coefficients of the Cobb-Douglas function 

 
Source: data processing by the authors 

 

According to Table 1, the values of the regression parameters are 1 0,7470   and 2 0, 4743  . 

Thus, according to the model adopted, the logarithmed production function will have the following form: 
 

ln 5,6557 0,747 ln _ 0,4743 ln _pib imp t exp t       (4) 

The Cobb-Douglas function will have the following form:  
5,6557 0,747 0,4743_ _imppib e t exp t     (5)

 
 

Considering the Cobb-Douglas function obtained, it can be concluded that for a 1% increase of the 
cereal imports, the GDP increases by 0.747%, and for a 1% increase of the cereal exports, the GDP will 
increase by 0.4743%. according to the function obtained, the sum of the two indicators is 1.2213, exceeding 1, 
so the cereal imports and exports accelerate GDP increase. It is to be noted from the coefficient table (1) that 
the cereal import factor has a greater influence upon the GDP, the significance of the Std test,  0.000137 (***)  
is lower than the assumed risk of 0.05, as well as the higher value of the Std test  (t_value = 5.076). this could 
be accounted for by the lack of industry, although our country can boast the emergence of various agricultural 
structures that built farms, associations, etc., thus contributing to  the economic development of the area, as 
well as to the export increase. It may be concluded that Romania exports almost the entire production of 
cereal products.   
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Figure 4.  Graphic representation of the Cobb-Douglas function 

Source: data processing by the authors 
 
Figure 4 shows the graphical representation of the analysis of the regression model adopted. these 

graphical representations may be used to assess and perhaps improve the model. the initial graphical 
representation shows the connection between the residual values and the adjusted values. The residual 
values are the difference between the real and the values predicted by means of the regression equation. This 
graph tests whether the relation between the analysed variables is linear and there is equal variance along 
the regression line. In the situation under analysis one may note points outside the field, and these peak 
residual values correspond to the years 2008 and 2009. In other words, the adopted model is not as accurate 
for the values of imports and exports in 2008 and 2009. A possible cause may be that these are the years 
when the worldwide financial crisis began, and the main importers of cereal products from Romania 
exhibited a decrease in demand.   
 The Normal Q-Q graph is a probability graph determining if the dependent variables are normally 
distributed. If the values are normally distributed the graph will be distributed according to a linear function. 
In the case under analysis one may see that the values undergo a linear distribution.  The value that shows 
the highest deviance is value no.10, corresponding to the year  2008.  
 The third graph, Scale-Location, shows that if the residue is spread equally along the regression line, 
this aspect refers to homoscedasticity, i.e. if at the level of conditioned distributions the error variance is 
constant. This model observes this requirement.  
 The bottom right graph shows the plot Residuals vs. Leverage, helping us identify the values that 
have a considerable influence on the model. These values with a high influence may be within or outside the 
normal domain. The values mentioned above are to be found in the top or bottom right corner outside the 
dotted red (Cook´s distance).  
 

Table 2. ANOVA Table 

 
Source: data processing by the authors 
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The Anova table (table 2) shows the variance analysis. The object of the Anova test is to see if there is 
a significant difference between the exports and imports of cereal products. In other words, to find out  which 
of the two economic indicators has a greater influence on the GDP. The Fisher test is used to check the 
equality of dispersion of the two independent variables. In the case under study the highest value of the 
Fisher test was obtained (F value = 203.0517), corresponding to the greatest significance for the imports of 
cereal products.  

 
6. Conclusions 

As a result of the econometric analysis, we found a regression model based on the Cobb-Douglas 
production function. Both independent variables are associated to a rather considerable significance, with a 
value of the comparison between the Std test and its theoretical values close to 0.00, which is significant. The 
sum of the values of the indicators exceeds the value 1, so the exports and imports of cereal products 
accelerate the increase of GDP. One may predict the manner of GDP increase function of the increase of the 
imports and exports of cereal products. For a 1% increase of exports the GDP increases by 0.4743%, while for 
a 1% increase of imports the GDP increases by 0.747%. in Romania’s case, the cereal processing industry has 
a quite low level. During the past few years, due to foreign investments and the increase in manufacturing line 
mechanisation, considerable increases of the volume of processed cereal products  have been recorded, so 
that an increase may be felt in the exports of cereal-based processed materials. According to the manner in 
which imports are reflected in the GDP, it may be concluded that a sustainable economic growth may be 
obtained from the development of the   national cereal processing industry.  
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