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Abstract

This study aimed to analyze some of the factors affecting barley imports in Libya using the NARDL model
methodology, employing time series data spanning from 1980 to 2024. The study concluded that there is a
cointegration between the variables. Regarding short-term estimates, the results showed that negative changes in
the international barley price (X2) had a negative impact, while the first difference had a positive impact on barley
imports, with this effect being statistically significant for both variables. Negative changes in the rainfall variable
(X3) also had a positive impact. Similarly, exchange rate fluctuations had a positive impact on imports, as did
positive changes in the initial exchange rate differential. Conversely, negative exchange rate fluctuations had a
statistically significant negative impact. The results also showed no symmetry among the variables with
significant effects. Regarding the long-term coefficients of negative and positive variables, the results indicate
that negative changes in the global barley price were the only variable with a negative impact on barley imports.
Furthermore, the model exhibited no problems and demonstrated effective predictive power.
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Introduction

Agriculture is a vital productive activity in Libya, aiming to utilize natural and human resources to produce
agricultural goods to meet the needs of its citizens. Furthermore, the annual production of agricultural products is
a significant factor in economic growth, and its contribution to GDP Approximately 7.01% of Libyan's GDP
(AOAD, 2025)[1]. Besides that, the agricultural sector plays a vital role in providing raw materials to the industrial
sector. What is more, agriculture contributes to foreign trade by exporting agricultural products which was
equivalent to 0.16% of total exports (AOAD, 2025)[1]. Together with that, the agricultural sector is a source of
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employment opportunities, reaching 15.55% of the Libyan workforce (AOAD, 2025)[1], as they depend on
agriculture for their livelihood, whether directly or indirectly. Additionally to this, agriculture plays a significant
role in supporting and developing other economic activities.

Barley is a crop essential for both humans and animals. It has been cultivated for 10,000 years. Its importance
comes after wheat, corn, and rice, respectively (Tricase et al, 2108)[2]. It is also one of the crops that require the
least management and production inputs compared to other crops (ALFisi, 2024)[3]. Its importance lies in its use
as biofuel, food, animal feed, and alcoholic beverage (Ajanovic et al , 2011)[4]. In terms of production, its global
output reached approximately 14 million tons in 2017, and its yield increased to 3 tons per hectare in 2017, after
being around 1.4 tons per hectare in 1960 (Tricase et al, 218)[5].

Barley is a crop cultivated in Libya due to its suitability to local environmental conditions, its drought tolerance,
and its early maturity. It is primarily used as animal feed and secondarily for human consumption (Mahmoud,
2008)[6]. According to 2024 FAOSTAT data at Food and Agriculture Organization (FAO), the total area
harvested with barley reached 126,688 hectares (FAO, 2026a)[7]. The data also indicates that domestic production
may reach 65,000 tons (FAQ, 2026b)[8], while imports amounted to approximately 400550 tons (FAO, 2026¢)[9].

Research Problem

Despite the improvement witnessed by the Libyan agricultural sector following the discovery of oil and its impact
on agricultural development and interest in it, as it carried out extensive land reclamation and agricultural
development operations in pursuit of diversifying production and sources of income to reduce dependence on oil
as the sole source of income, and the agricultural policy aimed to achieve self-sufficiency in agricultural products
through the implementation of various economic and social transformation programs and plans, during which
massive sums were spent to invest in multiple areas to advance this sector to the required level.However, despite
the agricultural sector's contribution to meeting the required barley crop, a deficit remains, covered by imports.
Self-sufficiency is still hampered by insufficient domestic barley production as a feed ingredient, coupled with
increasing domestic demand amidst an unstable economic and climatic environment. The severity of this problem
varies depending on its underlying causes, such as low rainfall and high domestic prices. Consequently, barley
imports, used for livestock feed to support farmers, put pressure on the trade balance, tipping the balance in favor
of imports and depleting foreign currency reserves, especially given rising global prices and increased import
costs due to the devaluation of the local currency.

The Importance of the Research

The importance of this research lies in the fact that barley production is a vital agricultural commodity for livestock
breeders and food security. Therefore, studying the import reality of this commodity through experimental studies
aims to find solutions and proposals to reduce imports and increase production. This will be achieved by providing
empirical evidence using new standard methodologies to support and understand the asymmetric relationships
between the variables affecting barley imports. This understanding will contribute to the development of
appropriate policies by policymakers that reflect these relationships.The study also seeks to contribute to enriching
experimental studies and raises many points for researchers to investigate and study through the use of new
methodologies.

Research Objectives

This study aimed to conduct a descriptive analysis of the factors affecting barley imports and to estimate the
asymmetric relationship between the variables under study using the NARDL methodology to determine whether
positive or negative shocks have different effects, within a single framework in the short and long- run.

Previous Studies

Numerous agricultural studies have been conducted on barley production in Libya, covering various disciplines
including production functions and production costs. These studies have also employed various research methods
and techniques. This research builds upon previous studies on barley imports and the factors influencing them,
such as the Al-Ramli (2003)[10] study, which focused on barley production functions. This study aimed to analyze
and examine trends in barley production in Libya, revealing that rainfall is one of the most significant factors
affecting production, impacting both the cultivated areas and the implementation of the project. Another study by
Al-Jadi (2006)[11] focused on the supply response to barley in Libya, revealing that self-sufficiency in barley
remained below the required level. Furthermore, it found that the most significant influencing factor was
supplemental irrigation in many regions during the period (1970-2002), compared to rain-fed agriculture. A study
done by Al-Zawam (2007)[12] examined cereal production and consumption, indicating that barley production
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capacity during the period (2000-2004) reached approximately 77,000 tons. It also revealed that the projected
future barley production gap amounted to (63, 35,114) thousand tons during the years (2007-2010-2015)
respectively.

The study of Al-Bidi and Mahmoud (2015)[13] identified the impact of climate change on production and
productivity, considering rainfall scarcity as a limiting factor for agriculture in Libya. The study concluded that
there is no causal relationship between rainfall and barley production. Furthermore, Ahmed and Al-Sallai
(2023)[14] used multiple regressions to study barley consumption in Libya during the period (1990-2012). The
results of the study indicated that barley imports during 2012 reached 101,400 tons to meet the local market,
indicating an imbalance in the production relationship. This led to an increase in the food deficit problem and a
rise in the import bill. The study also demonstrated that the quantity of barley imports has a significant impact of
5% on barley consumption. In Like manner, Al-Dakhli and Daw (2025)[15] sought in their study to analyze the
variables that determined the food gap for the barley crop in Libya and its impact on the food security (2000,
2021) .Results found that there is an inverse impact relation between the food gap and local production of barley .
In Iraq Farhan et al (2012)[16] empirically examined the supply response of barley supply during 1980 - 2009,
and employed Nerlove dynamic mode. The study finding indicates to that the rainfall is one of the variables
affecting the rain-fed area, and it has an elasticity of 0.481 and a positive and significant effect at the 1% level,
which confirms the effect of rainfall on area and production. Moreover, in Same Context , Jnod et al (2017)[17]
studied the reality of barley production in the Sewida rejoin used a questionnaire distributed to 172 barley
farmers.The most prominent result of this study concluded that there is a weak, positive correlation between the
annual rainfall average, the rainfall average for the studied season, and the production rate. Furthermore, Al-
sahwan et al (2022)[18] in his study of the impact of pricing policies on irrigated barley production in Hama
Governorate in Syria during the period 2005-2018. The study results revealed that the amount of irrigated land
during the study period was found to be 19,398 tons, ranging from a minimum of 9,195 tons in 2005 to a maximum
of approximately 42,273 tons in 2018. Meanwhile, the average productivity during the study period was 2,125
kg/ha, ranging from a minimum of approximately 1,374 kg/ha in 2010 to a maximum of approximately 3,172
kg/ha in 2009. Mohmoud (2023) [19] Analyze the effect of changes in the exchange rate on the most important
Crops in Egypt. The study sought to analyze the exchange rate on the most important imported crops in Egypt
during the period 2001-2020 for foreign trade data. The study found through its results that there is a direct impact
on agricultural imports, contrary to what economic theory expects from the assumption of an inverse relationship
between the exchange rate and imports, as it was found that the increase in the exchange rate led to an increase in
agricultural imports (10.7%).

Aliabadi and Fakar (2024)[20] in his study used the Markov-Switching model and Johansen cointegration using
monthly data from August 2009 to September 2023. The results of the study indicated that the real exchange rate
was a key and determining factor for local barley prices .Kakhki et al (2019) [21] examined how fluctuations in
global barley prices affect the local market using the shock transmission method and price fluctuations between
the local and global markets. The study indicated that the transmission of price fluctuations occurs from global
prices to local markets, which were more volatile and clearly affected by the exchange rate as one of the factors
affecting it. On the other hand, Lui (2023) [22] focused on trade changes in barley imports in China. Using a
partial equilibrium model, the study showed that the shift in import sources and the decrease in imports resulted
from rising global prices or tariffs.

Material and methods

Research Data

To achieve the purpose of the study, it adopted its objective and relied on data from the Arab Organization for
Agricultural Development, in addition to data from the Food and Agriculture Organization (FAO) covering the
period from 1980 to 2024.

Model Specification

Given the numerous problems facing production and the reliance on imports to cover the deficit of this commodity,
this research employs a descriptive and quantitative approach to analysis, relying on econometric analysis of time
series during the period (1980-2024) to determine the asymmetric relationship based on the Nonlinear
Autoregressive Distributed Lag (NARDL) model as follows:

Y =F(X1, X2, X3, X4).......... (1)

The equation shows that barley imports are the dependent variable, influenced by domestic barley production
(X1), International price of barley (X2), rainfall (X3), and the exchange rate (X4), which are the independent
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variables. Therefore, the Nonlinear Autoregressive Distributed Intervals (NARDL) model can be formulated as
follows Faraj (2026) [23]:

AY= - pyua+ 0¥ X, + 0 x, + 2] aly,_ + Zﬁgol(anx:_j A ) e )

where:

0%; 6~ Represents the long-term information for the symmetric relationship in the model, and nj-r; T; represents

the short-term Asymmetric coefficients.

Results and discussion

Descriptive Analysis of the Study Data

This part of the analysis aims to organize, summarize, and describe the study data to uncover facts using statistical
measures and indicators to verify the general characteristics of the data distribution. The study data indicated that
the highest value of the variable (YY), which was 1,198,027 tons of imports as a dependent variable, and its lowest
value was 21,000 tons, with a median of 405,993.6 and a standard deviation of 309,723.1. This indicates that the
majority of the units are located below the distribution, and this in turn made the arithmetic mean rise more than
the median because of its high units, which led to the data having twisted towards the right (positive deviation).
As for the variable domestic barley production X1, the maximum value was 203,000 tons and the minimum was
23,000 tons. The arithmetic mean was greater than the median and the standard deviation, but the median was
greater than the standard deviation, indicating that the data, despite the presence of extreme values, are
homogeneous. Regarding the values of the International price variable for barley X2, it was shown that its highest
value was $260, its lowest value was $97.81, its arithmetic mean was $152.2635, and its median was $140 with a
standard deviation of 43.97, which shows that the items of this variable are close to each other with less dispersion
and are centered around the median, meaning that the skewness is positive.

Respecting the X3 Rainfall variable, its data indicates that its maximum value was 299 millimeters, and its
minimum value was 31 millimeters, while its mean was greater than the median and the standard deviation, and
accordingly, its values are more scattered and skewed to the right. While X4 exchange rate variable, which data
revealed that its maximum value was 5.40 dinars and its minimum value was 0.2820 dinars. The results also
showed that its standard deviation was higher than its mean and median, and therefore the arithmetic mean had
extreme values due to the lower values that pulled them out, making it left-skewed.

Unit Roots Test

Understanding the nature of time series data is crucial to determining whether the data is stationary or
nonstationary before conducting the analysis and thus avoiding spurious regression Al-Sawai (2012) [24].
Furthermore, when the mean and variance of a time series remain constant over time, the series is at a stationarity
case. The distance, gap, or lag between two times also influences the value of the variance between those periods
Gujarati (2004) [25]. For this purpose, the Augmented Dickey-Fuller test is used. The test results show that the
calculated absolute values of the dependent variables, imports (Y) and domestic barley production (X1) and (X2)
International price of barley, are greater than the tabulated values at confidence intervals of 1% , 5% and 5%
respectively, and are therefore stationary at the level. Consequently, the assumption of a unit root is rejected.
However, the results also showed that the two variables, rainfall (X3) and (X4) exchange rate, are not stationary
at the level, and therefore the null hypothesis is accepted, and they are stationary at the first difference as seen in
Table 1.

Table (1): Unit Root (ADF) Test Result

Variables At level First differences Decision
t-Statistic Prob t-Statistic Prob
Y -4.19 0.0019 - 0.00 1(0)
X1 -3.53 0.0116 - 0.00 1(0)
X2 -3.30 0.0208 - 0.00 1(0)
X3 -1.82 0.3619 -10.21 0.00 1(1)
Xa -0.41 0.9816 -6.43 0.00 1(2)

Eviews 12 Analysis Results Output; Note: Y = Barley import; X; = Annual domestic barely production; X, =
International price of barley; X3 = Annual rainfall amount; X, = Exchange rate.
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Selection the Optimal Lag Length

In this context, Akaike has been used because of its widespread use in scientific practices. Cribari-Neto (2023) [26]
explains that its values can be more easily transformed using Akaike weights, which helps in interpreting the results
of procedures when compared to models of the Akaike Information Standard (AIC) Wagenmakers (2004) [27]. In
light of the results of the AIC criterion at its lowest value, it appeared that the best model was (1, 1,0, 1, 2,0, 1, 2,
and 1) with an optimal lag order of 2 , as shown in table 2 and Figurel.

Table (2): VAR Lag Order Selection Criteria

Lag AIC
0 18.8060
1 20.3467
2 18.3676*

Eviews 12 Analysis Results Output; * indicates lag order selected by the AIC criterion; AIC: Akaike information
criterion.

Bound Test Approach

The Bound Test is a powerful analytical tool used in applied economic analysis. It is a statistical test employed to
determine the existence of a long-run cointegration relationship between the variables under investigation by
comparing the F-statistic with its lower and upper bounds at a significance level of 0.05. This allows for
confirmation that the coefficients of the study variables move together over the long-run it can also differentiate
between short-te and long-run relationships within the same model Pesaran (2001) [28]. Analysis of the test results
revealed that the calculated F-value of 2.2216 lies midway between the two tabulated F-values (Bounds) of 2.11
and 3.15 respectively, at a significance level of 5%. This does not necessarily imply the absence of cointegration
between the variables, as a more accurate cointegration test exists using the error correction term coefficient (-1)
Bahmaini-Oskooee (2001) [29]. Resulting from the fact it is a more accurate method for verifying cointegration
(Kremers et al., 1992) [30], Banerjee et al. (1998)[31], and Faraj (2020) [31] emphasized its reliability as a more
effective method for proving cointegration. As mentioned, the result of ECT-1 was used when the F-value falls
between the lower and upper bounds which ECT(-1) was found to have a negative - 0.638455 and significant value
at 1% in the analysis results.

Akaike Information Criteria (top 20 models)
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Modell0514:ARDL(1,1,0,1,2,0,1,2,1)

Model10487:ARDL(1,1,0,1,2,1,1,2,1)
Modell0274:ARDL(1,1,0,2,2,0,1,1,1)
Model10518: ARDL(1,1,0,1,2,0,1,1,0)
Modell0513:ARDL(1,1,0,1,2,0,1,2,2)
Model9785:ARDL(1,1,1,1,2,0,1,2,1)

Model12705: ARDL(1,0,0,1,2,0,1,1,0)
Modell0428: ARDL(1,1,0,2,0,0,2,1,0)
Model10271:ARDL(1,1,0,2,2,0,1,2,1)
Modell0496:ARDL(1,1,0,1,2,1,0,2,1)
Model10347: ARDL(1,1,0,2,1,0,2,1,0)
Modell2462:ARDL(1,0,0,2,2,0,1,1,0)
Model3953:ARDL(2,1,0,1,2,0,1,2,1)

Model8318: ARDL(1,2,0,1,2,0,2,2,1)

Model10495:ARDL(1,1,0,1,2,1,0,2,2)
Modell0517:ARDL(1,1,0,1,2,0,1,1,1)

Figurel. Optimal model selection
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Estimating the Short and Long-run Parameters for the Nardl

Based on the results of the Ardl estimation, from which the positive and negative coefficients of change for the
study variables can be derived after dividing them into positive and negative values for each, the Nardl model
estimates were obtained. The study's short-run results showed that negative changes in the international price of
barley variable X2 had a significant negative impact on barley imports (1%) This means that when there is a
decrease in the international price of barley, there is a decrease in imports of barley. This is due to the decrease in
global demand for barley, and thus this is reflected in imports, or there is a commaodity stock of this material, or
for the purpose of maintaining local production. In the same context, its value in the first difference had a
significant positive impact (5%), and this is due to the imposition of administrative and economic restrictions on
the completion of contractual deals, the purchasing process, delays in imports, and the adoption of storage policies.
Negative changes in the rainfall variable X3 also had a significant positive impact (5%), because there is an
improvement in local production through the existence of projects that follow the process of supplementary
irrigation and fertilization to increase production, or this result may be attributed to the processes of reducing the
import process and the storage policy.

As for the change in the exchange rate, it had a significant positive impact on imports (0.01). This resulted from
fears of rising international prices and a higher exchange rate in the future, or from the provision of assistance by
import authorities through support for barley imports, thus increasing imports. The same applied to positive
changes in the first difference as a result of avoiding higher future import costs. While its negative changes value
in the first difference had a significant negative impact on barley imports (5%), this is due to reliance on the non-
local currency and the postponement of import shipments of barley, which is a current effect at a significance
level of 5%. The results also showed that there is no short-run symmetry because the value of positive changes
is not equal to the value of negative changes in both international barley price and the exchange rate variables.
The next result shows that the ECT (-1) was negative and statistically significant (-0.6384) at 1 % in the NARDL
model, which indicates that after a deviation, the variables tend towards long-term equilibrium in the past time,
making the system return at a high rate of 63% after exposure to a short shock as shown in Table 3.

Table ( 3) : Nardl Model Coefficients in the Short- Run

The short-run coefficients

Variables Coefficient t-Statistic Pro.
D(X1POS) 219720.5 1.383012 0.1836
D(X2POS) -255897.0 -0.947934 0.3557
D(X2NEG) -1243070. -4.716681 0.0002
D(X2NEG(-1)) 785464.4 2.540154 0.0205
D(X3NEG) 189742.1 2.133455 0.0469
D(X4POS) 504741.6 3.058431 0.0068
D(X4PO0OS(-1)) 312241.3 2.034112 0.0569
D(X4NEG) -1425539. -2.782038 0.0123
CointEq(-1)* -0.638455 -5.772795 0.0000

Eviews 12 Analysis Results Output; Xipos refer to positive changes in domestic barley production, Xineg refer to
negative change in domestic barley production, Xzpos refer to positive changes in international barley price, Xzneg
refer to negative changes international barley price , Xspos refer to positive changes in rainfall, Xsneg refer to
negative changes in rainfall, Xapos refer to positive changes in exchange rate, Xsneg refer to negative changes in
exchange rate.

On another note, the long-run findings indicated that negative changes in the international price of barley was the
only variable with a significant and negative long-run impact on Libyan barley imports. The negative impact of
negative changes in the global price of barley and its negative impact on barley imports can be attributed to the
decline in barley prices in the long- term. Because of the possibility of producing it locally and improving
productivity, which is reflected in the continuous changes in global prices and its reflection in the decisions of the
import authorities to move towards local production instead of imports. However, no long-run symmetries were
observed in the negative and positive changes.
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Table ( 3) : Nardl Model Coefficients in the Long- Run

The Long-run coefficients
Variables Coefficient t-Statistic Pro.

X1POS -206443.9 -0.352385 0.7286
XINEG -820724.8 -1.670031 0.1122
X2P0OS 1094399. 0.994157 0.3333
X2NEG -3747263. -2.963485 0.0083
X3POS -811081.2 -1.120629 0.2772
X3NEG -131656.6 -0.284362 0.7794
X4POS -424527.0 -0.552996 0.5871
X4NEG -3196953. -1.359696 0.1907

C 143584.5 0.689890 0.4991

Note: X;pos refer to positive changes in domestic barley production, Xineg refer to negative change in domestic
barley production, Xzpos refer to positive changes in international barley price, Xzneg refer to negative changes
international barley price , Xspos refer to positive changes in rainfall, Xsneg refer to negative changes in rainfall,
Xapos refer to positive changes in exchange rate, X4neg refer to negative changes in exchange rate.

Turning to the diagnostic tests in Table 5, these tests demonstrate the model's quality and the absence of any
normative issues affecting the accuracy of its estimates, as detailed in Table 5. The Ramsey test also revealed that
the model is well-specification, contains relevant variables, and exhibits stable coefficients over time, with the test
statistic remaining within the specified limits throughout the model's duration at a significance level of 5%.

Table (5 ):NARDL Model Estimation Diagnostic Tests

Test Statistics Value Prob.
Ramsey Test 1.7895 0.1988
Serial Correlation LM Test 3.1965 0.0679
Heteroscedasticity (Breusch-Pagan Godfrey) 13.7006 0.6882
Heteroscedasticity (Arch test) 0.9523 06212
Normality test 1.4710 0.4792

Eviews 12 Analysis Results Output

15
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Figure2. CUSUM test for Stability of coefficients
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Figure3. CUSUMSQ test for Stability of coefficients

Regarding the predictive performance of the Nardl model, indicating good predictive power, it was satisfactory and
effective, with a variance proportion (0.0375) less than one. For Theil’s and bias proportion were 0.1707 and
0.00003 respectively

1,600,000
Forecast: YF
1,200,000 Actual:Y
Forecast sample: 1980 2024
800,000 ‘ A Adjusted sample:.1982 2024
\/ Included observations: 40
400.000 Root Mean Squared Error 142581.2
’ /\/\/\\\f ) \/\\\ / Mean Absolute Error 126990.7
/ \\/ Mean Abs. Percent Error 57.29155
0 Theil Inequality Coef. 0.170726
Bias Proportion 0.000556
-400,000 Variance Proportion 0.037537
Covariance Proportion 0.961908
-800,000 Theil U2 Coefficient 1.163052
1985 1990 1995 2000 2010 2015 2020 Symmetric MAPE 53.22114
— YF +2S.E.
Figured4. Predictive performance of the Nardl model
Conclusion

This study focused on the importance of factors influencing barley imports, given their significance in human and
animal production. It compiled the variables most impactful on imports to support and understand the asymmetric
relationships between these variables. The research aimed to estimate the asymmetric relationship between the
variables under study and employed the NARDL methodology to assess whether positive and negative shocks have
different effects within both short and long-run frames using the NARDL model methodology, employing time
series data during (1980-2024). The study concluded that there was a long-term relationship between the variables.
In addition, the short-term results showed a negative impact of negative changes in the global barley price (X2).
This also had a negative impact on barley imports, while the initial difference had a positive impact, and this effect
was statistically significant for both variables. Negative changes in the rainfall variable (X3) had a positive impact.
Similarly, exchange rate fluctuations had a positive impact on imports, as did positive changes in the initial
exchange rate difference. Conversely, negative exchange rate fluctuations had a statistically significant negative
impact. The results also indicated a lack of symmetry between the variables with significant effects. Regarding
the long-term negative and positive variables, the results confirmed that negative changes in the global barley
price had a negative impact on barley imports. In terms of model validity testing, the model was found to be sound
and effective in its prediction.
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