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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
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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 1(0) and first difference I (1). The ADF root
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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:

AYt = 60 + SYt_l + 61: + Sf (1)

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

We can draw the ADF equation for higher order

Yt = 60 + 61Yt-_1 + 61Yt_2 +... +5Yt—p+2 +
5p—1Yt—p+1 + 6th—p + w; (2)

To simplify equation 2, we added and subtracted
the term 6, y;_p41

Yt = 80 + 51Yt—1 + 82Yt_2+. .e +6p—2Yt—p+2 +
(Op-1+6p)Yepi1 — 6pAYpi1 + 0 (3)

In next step, we added and subtracted the term
(Vp—1 + 8,)Yt_p42 in equation (3) and we get

Yt = 60 + 6Yt_1 + 6Yt_2+. . _((Sp—l +
Sp)Yt—p+2 - vaYt—p+1 + & “4)
After the more simplification of equation 4, we get
the more compact form of ADF equation
i?Z
AYy = 8o + BYe—q + Z 0idY;_i41 + & (5)
i=1 j=1
P P
In previous equation, =1 — X §;andn; = — X 4
If the value of f =0, the equation 5 will be
stationary on first difference I (1).
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:

i=1 j=1

n m
Y=+ 24X 1+ 2yY i+ Z;YL:O Ze—j+ Mt
| (©)
i=1 Jj=1
n m m
X = lpz + X 6iXt—1 + X QJYt_J + 2j=0 Zt—j + Uot
(7

In equations (6) and (7), we assume that both
Uizand p,, 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:

j=1
Y=91+ X A4V j+ )

By moving forward, we will regress “Y” on its
own lag and on the other variable “X”
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i=1 j=1
n m
Y=+ 24X 2 yiYej+ Ut )

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,:a; = 0 or X does not cause Y
Hy:aq # 0 or X does cause Y

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

_ (RSSgp —RSSy/m
~ RSSy/(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:

Ye=p+ 210 Yo + 2o Xemi + e

(10)

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

Yt = H + Bth_i+. .. +0nYt—n + /10Xt +

MX_q e ANy X + @y (11)

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

Y =2, + 1, 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,_1=..= X;_m (13)

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

« _ KU XA *
= 1-Y0; 1—291'X (14)
In the above equation, we assume 4, = 1_’;’; 5. and
A
A = L
1-X26;
Y*=A4,+ A X"

The specification of error term
equation 15

et:Yt_Y*:Yt_AO_Alxt (15)

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

Ay = p+ X7 0 AY + I A X —
A

Ker 1+ &

e; is given in

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

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

AGDPG, =
Ko + Y™ 8y GDPG,_; + Y™ 85, AGRFF,_; +
Y, 83 AGRL,_; + ¥, 8, AGEMS,_; +
+ 37, 85 AGRIM,_; + Y™, 8¢ INFL+¢,
(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

GDPG | AGRFF| AGRL |AGEMS|AGRIM| INFL

Mean 1.630587|-1.170352| 49.01721| 50.21924] 1.821572| 14.10454
Median 2.874103| 0.956349] 50.14869| 47 44618 1.263620] 1.880867
Maximum | 6.473487] 22.48585| 52.45773| 64.23640| 4.688080| 134.7702
Minimum |-7.469271}-25.20240| 40.16653| 43.88894{ 0.726912(-1.279287
Std. Dev. 3.611188]10.83093( 3.089724| 5.885886| 1.185110] 35.01550
Skewness  [-1.173713}-0.240435/-1.581863| 1.122682 0.997281] 2.800359
Kurtosis 3.599968| 3.007874( 4.457767| 2.714778) 2.584001) 9.316672
Jarque-Bera | 7.337965(0.289123( 15.16781| 6.403768| 5.189171| 89.08549
Probability | 0.025502] 0.865402| 0.000509] 0.040685| 0.074677] 0.000000
Sum 48.917621-35.11055| 1470.516| 1506.577| 54.64717] 423.1363
Sum Sq. Dev.| 378.1796| 3401.962| 276.8454] 1004.666) 40.73010] 35556.47
Observations 30 30 30 30 30 30
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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

Table 4. Granger Causality Results

Null Hypothesis: Obs | F-Statistic Prob.
ilc)}ingoes not Granger Causel 13839 | 0.7130
gESLed((})]e)SPrgt Granger 59 | 947927 | 0.0049 ***
S\I?:iG does not Granger Cause 153925 | 0.0006 ***

According to bond co-integration test all variables
are co-integrated on all significant levels (a =
1%, 2.5%, 5%, 10%) (Table 4.). Because the F-
statistics value is greater than both lower I (0) and

Probability| GDPG | AGRFF | AGRL AGEMS| AGRIM. INFL upper I (1) limits. Therefore, we concluded that co-
1.000000 . . . . .
GDPG | integration exists between variables. Next, we will
AGRFF |-086911/1.000000 estimate both long and short run coefficients.
(06479) | - The AGRFF is positively and significantly
AGRL 7?(.)3(;??31]4 ?olj?,s?i? 1'0_?_0_?00 correlated with growth of gross domestic product at
AGEMS |0-7314840.109111{0.513790] 1000000 10% significant level (Table 5.).
) (0.0000) | (0.5660) | (0.0037)| -----
AGRIM |-0-642458)0.2216350.41620210.5085321.000000 Table 5. Long-run ARDL Coefficients (1, 0, 1, 1, 0, 1)
‘ (0.0001) | (0.2392) | (0.0222){ (0.0000)| -
-0.631398)0.2379910.266153(0.673352/0.554240|  1.0000 - Coefficie ) e
INFL (0.0002) | 0.2054) | (0.1551)] (0.0000)| (0.0015) Variable ot Std. Error t-Statistic| Prob.
AGRFF 0.084554| 0.042820 | 1.974634 | 0.0630 *
According to Hill et.al (2001), time series variables AGRL 0‘(?9”6 0 143421_ -0.}784f598 0.6334
must have unit roots to reduce the risk of spurious AGEMS 0 '9:‘3'” 0.243805 1 1.5 3_396 0 1_309
. . . AGRIM 0.185083 | 0.900949 | -2.425313 | 0.0254 **
regression. Therefore, the first thing before checking INFL 01012381 0021988 | 4 60423710.0002 ***
whether co-integration occurs or not is the unit test to C 9365617 1135446 | -0.824840] 04197
be checked. As we discussed earlier in methodology,  [Note: 1%, £% snd 10% represent the ***, ** and * significance level

we ran an ADF test to check data stationarity (Table
2)).

Table 3. Unit Root Test

Hj: Series is stationary
10 I
With With
Trend Prob. Trend Prob.
and and
Intercept Intercept
GDPG -2.9051 0.1755 -6.7982 0.0000 ***
AGRFF -4.1611 0.0140 ** -7.2879 0.0000***
AGRL -1.7386 0.7078 -5.3297 0.0009***
AGEMS -1.1676 0.8986 -4.2313 0.0123%*
AGRIM -7.1075 0.0007 **x* -4.5991 0.0055%*x
INFL -4.4106 0.0079%**x* -7.2303 0.0000***
Note: 1%, 5% and 10% represent the ***, ** and * sisnificance level.

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.

TEM Journal = Volume 10 / Number 3 / 2021.

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

Variable |Coefficient| Std. Error | t-Statistic Prob.*
GDPG(-1) -0.084008 | 0.227542 | -0.369197 0.7161
AGRFF 0.091658 | 0.041551 | 2.205886 | 0.0399 **
AGRL -0.339380 | 0.256942 | -1.320843 | 0.2022
AGRL{(-1) | 0.264025 | 0220415 | 1.197854 0.2457
AGEMIS -0.204789 | 0.408670 | -0.501111 0.6220
AGENMIS(-1) | 0.632257 | 0.363343 1.740114 | 0.0980 *
AGRIM -2.368647 | 0916866 | -2.583416 | 0.0182 **
INFL -0.053317| 0.018030 | -2.957082 |0.0081 ***
INFL(-1) -0.056425| 0.016243 | -3.473749 |0.0025 ***
C -10.15240| 11.20926 | -0.905715 0.3764
COINTEQ(-1)*] -0.643056 | 0.135324 | -4.751975 |0.0001 ***
Diagnostic Results
R-squared 0.793870 | Adjusted R-squared | 0.696229
F-statistic 1.849271 Durbin-Watson stat | 1.932950
:::’g: 0.000070 | Sum squared resid | 64.97628
Note: 196, 5% and 10% represent the ***, ** and * significance level.

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.
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The CUSUM for recurring residues and
CUSUMSQ wused 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
CUSUMSAQ 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.
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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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