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Abstract – The main aim of this paper is to find the 
relationship between agriculture investment and the 
growth of the gross domestic product in North 
Macedonia. We collected the yearly secondary time 
series data between the periods 1991 to 2020. We run 
the ARDL co-integration test to check the long-run as 
well as the short-run relationship between dependent 
and independent variables. We found a positive and 
significant relationship between agriculture value-
added and the growth of the GDP in the long run. The 
agricultural land has a positive relationship with the 
growth of the GDP in the long run but negatively 
correlated in the short run. Last, both variables 
agricultural methane emissions and inflation are 
negatively correlated with the growth of the gross 
domestic product in both the long and the short run.  

Keywords – GDP, agricultural value-added, Unit 
Root, Co-integration, Causality. 

1. Introduction

Agriculture has changed over the past thirty years. 
The result has nearly doubled in agriculture 
production, which is driven in part by the fastest 
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growing economy of the developing world and in 
part by change in developed countries. [1] 

Above all else, there has been an unprecedented 
change in agricultural technology around the world. 

Improving agricultural productivity capability in 
developing countries through increased productivity 
is a key policy objective where agriculture represents 
an important sector of the economy [5]. The 
agricultural sector provides direct and indirect 
livelihoods to a large proportion of the population of 
all developing countries, especially in rural areas, 
where poverty is most prevalent. Thus, the growing 
agricultural sector contributes to overall growth and 
poverty reduction [3]. 

Within food and agricultural growth, emphasis is 
placed on the expansion of arable land expansion in 
many countries due to a lack of suitable land or due 
to environmental needs [9]. In addition, the 
difference between the practical and technological 
yields of many crops means that there is great 
potential for increasing food and agricultural 
production through improved productivity, or no 
other technological advances [10]. 

According to Schultz [13], development dictates a 
decline in the role of agriculture. At first it was very 
dominant, eventually only a small portion of the total 
product, work and income were included. Khan [6], 
suggested that the successful adaptation to the 
changing role of agriculture not only sets the pace 
and pattern of development as a whole, but also the 
complexity of the problems that rural people face in 
the development process. 

Agricultural development is necessary for two 
reasons, as a source of industrial and food resources, 
respectively and as a means of achieving the goals of 
employment-driven economic growth, poverty 
eradication and independence. Sustainable 
agricultural growth, therefore, has been a key 
component for many countries, at the same time 
increasing food accessibility and food security [8]. 
Much effort has been put into trying to increase 
productivity in agriculture and calls for more 
investment in agricultural science and technology, 
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especially in Africa [7]. The reasons for this become 
apparent when one looks at product growth in 
developing countries. In many regions, significant 
progress has been made in increasing the land and 
productivity of the workforce in terms of units of 
product value [2]. 

People in developing countries who depend on 
agriculture for their livelihood are often poorer than 
those who work in other sectors of the economy. In 
general, many people living in rural areas [4].  
Globally, the level of poverty has declined steadily, 
which is the most significant achievement of 
economic growth. 

The two main sources of agricultural growth 
during the distribution of agriculture technology in 
the region have been the expansion of agricultural 
areas and the replacement of traditional and modern 
varieties [11]. However, over time the chances of 
increasing the area of sustainable farming decrease or 
almost disappear as the region has poor soil due to 
high human pressure. In addition, the demand for 
agricultural land is growing steadily. For example, it 
is estimated that in Bangladesh, every year 1% of the 
country's agricultural land is transferred to non-
agricultural purposes [12]. 

The main aim of this study is to estimate the 
impact of agriculture on the growth of gross domestic 
product in North Macedonia. We collected the data 
for different independent variables from which most 
of related with agriculture production.   
 
2. Material and Methods 

 
The research objectives of this study are given 
below: 
 

1. To examine the causality between dependent and 
independent variables. 

2. To determine the short and long run connection 
among dependent variable and independent 
variables applying ARDL. 

 

Next, we will develop the econometric strategy to 
estimate the connection among agriculture 
investment and gross domestic product growth in 
North Macedonia. To find this relationship between 
time series variables we will check whether the 
variables are stationary or non-stationary. After the 
confirmation of stationary, the next step is to check 
the co-integration between variables by estimating 
the ARDL Bound test.  

The first quantitative plan of this study is the 
determination of the unit root of all dependent and 
independent variables applying the Augmented 
Dicky-Fuller unit root test. To apply co-integration 
analysis all selected variables must be integrated at 
level I(0) and first difference I (1).  The ADF root 

test is used to test the fixed structures of long-term 
relationships for a variety of time series. 

The equation of first order autoregressive process 
is given below: 

 

𝛥Y 𝛿 𝛿Y 𝛿 𝜀     (1) 
 

In equation 1, Y  is the dependent variables, 𝛿  is 
the constant, and 𝛿  is the trend. So, the equation 
included both constant and trend.  

We can draw the ADF equation for higher order 
 

𝑌 𝛿 𝛿 Y 𝛿 Y . . . 𝛿Y
𝛿 Y  𝛿 Y 𝜔   (2) 
 

To simplify equation 2, we added and subtracted 
the term 𝛿 𝑦   

 

Y 𝛿 𝛿 Y 𝛿 Y . . . 𝛿 Y
𝛿 𝛿 Y 𝛿 𝛥Y 𝜔  (3) 

 

In next step, we added and subtracted the term 
𝑣 𝛿 Y  in equation (3) and we get 

 

Y 𝛿 𝛿Y 𝛿Y . . . 𝛿
𝛿 Y 𝑣 𝛥Y 𝜀   (4) 
 

After the more simplification of equation 4, we get 
the more compact form of ADF equation 

 

𝛥Y 𝛿 𝛽Y 𝛴 𝜂𝑖𝛥Y 𝜀  (5) 
 

In previous equation, 𝛽 1 𝛴 𝛿  and 𝜂 𝛴 𝜆  
If the value of 𝛽 0, the equation 5 will be 

stationary on first difference I (I). 
The Granger causality process can be defined from 

equation 6 and 7. It’s pairwise process, and two 
variables cause each other. The process is given 
below: 

 

𝑌 𝜓 𝛴 𝜆 𝑋 𝛴 𝛾 𝑌 ∑ 𝑍 𝜇     
(6)                      

𝑋 𝜓 𝛴 𝛿 𝑋 𝛴 𝜃 𝑌 ∑ 𝑍 𝜇
      (7) 
 

In equations (6) and (7), we assume that both 
𝜇 and 𝜇  are white noise error terms and are 
uncorrelated with each other. 

In equations 6 and 7, both variables “X” and “Y” 
are regressed on its own lag’s terms. The equation for 
variable “Y” is given below: 

 

𝑌 𝜓 𝛴 𝜆 𝑌 𝜇    (8) 
 

By moving forward, we will regress “Y” on its 
own lag and on the other variable “X” 
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𝑌 𝜓 𝛴 𝜆 𝑋 𝛴 𝛾 𝑌 𝜇   (9) 
 

The next stage is to make a decision on the basis of 
null and alternative hypothesis. The null and 
alternative hypothesis are given below: 

 

𝐻 : α 0 or X does not cause Y 
𝐻 : α 0 or X does cause Y 
 

We will make the decision based on F-statistics 
value and the F-statistics formula is given below: 

 

𝐹
𝑅𝑆𝑆 𝑅𝑆𝑆 /𝑚
𝑅𝑆𝑆 / 𝑛 𝑘

 
 

The 𝐻  hypothesis will be rejected and accepted 
the alternative if the F-statistics calculated value is 
greater than “F-critical value”, then which is X does 
cause Y.  

The ARDL model for dependent and independent 
variables is given below: 

 

Y 𝜇 ∑ 𝜃 Y ∑ 𝜆 𝑋 𝜈            (10) 
 

The higher order equation ARDL can be seen from 
equation 11. 
 

Y 𝜇 𝜃 Y . . . 𝜃 Y 𝜆 𝑋
𝜆 𝑋 . . . 𝜆 𝑋 𝜛     (11) 
 

In the above equation, both terms 𝑌 and 𝑋  achieve 
to steady state level 𝑌∗ and 𝑋∗ at constant rate. 
 

Y∗ 𝜆 𝜆 𝑋∗    (12) 
 

In the above equation 12, the terms 𝑌∗ and 𝑋∗ 
which indicate the long run relationship between 
dependent and independent variables. The 𝑋∗is 
assumed to be a constant 

 

𝑋 𝑋 𝑋 . . . 𝑋    (13) 
 

We put (13) into equation (10) for the estimations 
of the long run parameters 

 

Y∗
∑

∑

∑
𝑋∗   (14) 

 

In the above equation, we assume 𝐴
∑

 and  
 

𝐴
∑ 𝜆

1 ∑ 𝜃
 

 

𝑌∗ 𝐴 𝐴 𝑋∗ 
 

The specification of error term  𝑒  is given in 
equation 15 

 

𝑒 Y Y∗ Y 𝐴 𝐴 𝑋   (15) 
 

The more compact form of the ARDL model is 
given in equation (16) 
 

𝛥Y 𝜇 ∑ 𝜃 𝛥 𝑌 ∑ 𝜆 𝛥 𝑋

𝜅𝑒
∧

𝜀           (16) 
 

In equation (16) “𝜅” is the key coefficient, here “𝜅” 
is the error correction coefficient and it is generally 
recognized as the correction coefficient. The “𝜅” 
demonstrates how much the value of the equilibrium 
error is fixed. 

In equation 17, we introduce all the dependent and 
independent variables.  

 

𝛥GDPG
𝜅 ∑ 𝛿 𝐺𝐷𝑃𝐺 ∑ 𝛿 𝐴𝐺𝑅𝐹𝐹
∑ 𝛿 𝐴𝐺𝑅𝐿 ∑ 𝛿 𝐴𝐺𝐸𝑀𝑆

∑ 𝛿 𝐴𝐺𝑅𝐼𝑀 ∑ 𝛿 𝐼𝑁𝐹𝐿 𝜀  
  (17) 
 

In the above equation, the dependent variable is the 
growth of gross domestic product (GDPG) and the 
independent variables are agriculture, forestry, and 
fishing, value added (AGRFF), agricultural land 
which is the percentage of  total land area in North 
Macedonia (AGRL), Agricultural methane emissions 
which is the percentage of total emission (AGEMS), 
Agricultural raw materials imports counted as the 
percentage of total merchandise imports in North 
Macedonia, (AGRIM), annual inflation rate (INFL). 
 
3. Results and Discussion 
 

We collected the data for a period of 1991 to 2020 
and all the data is collected from World Development 
Indicator (World Bank). The average growth of the 
gross domestic product in North Macedonia between 
the years 1991-2020 is 1.6306 percent. The biggest 
increase in GDP growth is seen in the year 2007 and 
the value was 6.4735 (Table 1.). On the other hand, 
the lowest value of GDP growth was -7.4692 in the 
year 1993. The maximum value of AGRFF is 
22.4859 and the minimum noted value is -25.2024. 
GDPG and AGRFF data is negatively skewed which 
means the data tail is more skewed on the left side of 
the bell shape curve. The average inflation rate in 
North Macedonia is 14.1045. In 1992 the value was 
on the highest level (134.7702) and the lowest value 
is recorded in the year of 1999. 
 
Table 1. Summary Statistics 
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The relationship between GDPG and AGRFF is 
positive and insignificant (Table 2.). A low 
correlation value indicates that the relationship 
between both variables is weak. The variable GDPG 
has a negative but significant association with the 
agricultural land in North Macedonia. The GDPG has 
a negative and significant relationship with all 
remaining variables. However, the AGRFF has a 
positive and insignificant correlation with all 
variables except the AGRL. Inflation is negatively 
correlated with the GDPG, but the relationship is 
significant. Therefore, we found that most of the 
variables are positively correlated with each other.  
 
Table 2. Correlation Analysis 
 

 
 

According to Hill et.al (2001), time series variables 
must have unit roots to reduce the risk of spurious 
regression. Therefore, the first thing before checking 
whether co-integration occurs or not is the unit test to 
be checked. As we discussed earlier in methodology, 
we ran an ADF test to check data stationarity (Table 
2.). 

 
Table 3. Unit Root Test 
 

 
 

We noticed that few variables GDPG, AGRL, and 
AGEMS are stationary on both levels I (0) and the 
first difference I (1). The remaining variables have a 
unit root only on I (1). Thus, variables have a unit 
root of the combination of both I (0) and I (1) and 
this confirms we can run the ARDL model. 

 
 
 
 

Table 4. Granger Causality Results 
 

 
 

 

According to bond co-integration test all variables 
are co-integrated on all significant levels (𝛼
1%, 2.5%, 5%, 10%) (Table 4.). Because the F-
statistics value is greater than both lower I (0) and 
upper I (1) limits. Therefore, we concluded that co-
integration exists between variables. Next, we will 
estimate both long and short run coefficients. 

The AGRFF is positively and significantly 
correlated with growth of gross domestic product at 
10% significant level (Table 5.).   

 
Table 5. Long-run ARDL Coefficients (1, 0, 1, 1, 0, 1) 
 

 
 

If AGRFF increases one percent, the growth of 
gross domestic product will be increased by 8.45 
percent. The next two variables AGRL and AGEMS 
are statistically insignificantly linked with the growth 
of the GDP. The relationship between agricultural 
methane emissions and the growth of gross domestic 
product. It indicates that the increase of the 
agriculture production will also increase the methane 
emission, and this has a positive relationship with 
economic growth. The inflation has a negative and 
statistically negative relationship with economic 
growth. It means the increase in commodity prices 
will decrease aggregate demand which will have a 
negative impact on country economic growth. 
Moreover, if inflation increases by one percent the 
value of economic growth will be decreases by 
5.33%.  

The short-run ARDL results are given in Table 6. 
The variable AGRFF is positively and significantly 
correlated with the growth of the GDP in the short 
run. The AGRL has negative relationship with the 
growth of the GDP but the first lag is negatively 
correlated with GDPG. The value of inflation and its 
lag has a negative impact on the GDPG.  

 Null Hypothesis: Obs F-Statistic Prob. 
AGRFF does not 
Granger Cause GDPG

 29 5.82832 0.0231 ** 

GDPG does not Granger Cause 
AGRFF 

0.13830 0.7130 

INFL does not Granger 
Cause GDPG 

29 9.47927 0.0049 ***

GDPG does not Granger Cause 
INFL 

15.3925 0.0006 ***
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Table 6. Short-run ARDL Coefficients (1, 0, 1, 1, 0, 1)  
 

 
 

The Durbin-Watson value is less than two which 
indicates the positive autocorrelation in residuals. 
The R-square explains the variation in dependent 
variable that explains the independent variables and, 
in our case, it is 79.39%. The COINTEQ (-1) value 
showing that the 64.31 percent error is corrected, and 
the value will converge towards equilibrium by 
64.31% every year.  

According to Granger causality results, we will 
reject the null hypothesis in which the AGRFF does 
not cause the GDPG because the probability value is 
less than 0.05 (Table 4.). In the case of the second 
statement, the GDPG does not cause the AGRFF 
because the probability value is greater than 0.05. On 
the other hand, inflation does granger cause the 
GDPG and vice versa. Because the probability value 
is less than a=5% which means we will reject the null 
hypothesis.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The CUSUM for recurring residues and 
CUSUMSQ used for parameter strength tests 
Pesaran, 1997. The statistics collection test indicates 
a systematic change in the regression coefficients and 
the below figures showing the CUSUM and 
CUSUMSQ test results. The findings show the lack 
of any volatility coefficients because the CUSUM 
and CUSUM square statistics fall within the critical 
groups of 5% confidence intervals of parameter 
stability (Figures 1. and 2.). Therefore, there is a 
stabilization of the coefficients in the above sample 
time of North Macedonia. 
 

 
 

Figure 1.CUSUM of Squares 
 

 
 

Figure 2. CUSUM 
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4. Conclusion 
 

We found a positive and significant relationship 
between agriculture, forestry, and fishing, value-
added, and the growth of the GDP in both the short-
run and the long run. Agricultural land is negatively 
correlated with the growth of the gross domestic 
product in the short run, but it has a positive 
relationship in the long run. The negative relationship 
in the short-run is because the economy can face a 
negative shock in the short-run e.g., due to natural 
disaster. Moreover, we found that the agricultural 
methane emissions which are emitted because of 
agriculture production have a negative impact on the 
GDP in both the short-term and the long-term. We 
noticed the agricultural raw materials imports have a 
negative impact on North Macedonia’s GDP in the 
the short-term but both variables have a positive 
relationship in the long-term. We found the inflation 
has a negative impact on North Macedonia’s GDP. In 
terms of related participation, agricultural production 
can have a significant impact on gross domestic 
product formation and become an accelerator for 
economic development. Considering the percentage 
created an additional amount for agricultural 
production, with appropriate measures and modern 
agricultural improvement and better placement 
activities of agricultural products, the opportunity to 
achieve higher economic growth to increase. 
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