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Abstract
Food security issue is getting more attention in middle-income countries such as Tunisia after the revolution 
2011, where many factors affecting its food security are multiplied. An econometric analysis of food security 
was done through the Vector Error Correction Model approach (VECM). The result of this approach shows 
that there is a significant long-term causality between the dependent variables and the explanatory variables. 
Some signs of variables like land under cereals assert the hypothesis of Ricardo’s land rent theory and also 
attract attention for the preservation of land fertility in climate change context. However, there is a short-term 
causal relationship between food security and independents variables like: land under cereals, inflation and 
food imports. These results confirm that the issue of food security in Tunisia is a question of threat in the short 
and long-term instability. So, it is important today to readjust some factors to ensure food security in Tunisia 
like controlling inflation and lowering the food importation as short-term measures and preserving and im-
proving the fertility of land under cereals and adopting climate change as long-term measures.

Keywords: Food security, Threat factors, Econometric analysis, Tunisia.

1. Introduction

Food security is a global issue that encompass-
es all three spheres of sustainability; environ-
ment, social and economic. It is not about scar-
city, because there is enough food worldwide, 
but is about the reliable access to sufficient and 
nutritious food. There are three pillars of food 
security; availability, access and utilisation (Fig-
ure 1), (Van Eldik, 2012). Interruptions to any 
of the components will lead to food insecurity 
affecting food supply and market prices. Stabili-
sation can be affected by various causes such as 
climate change, water supply, pest and disease 
management and the economic environment. 

Maintaining stability among the three pillars of 
food security is essential for ensuring continu-
ous food supply (Coates, 2013; Barrett, 2010).

Figure 1 - Three pillars of food security.
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The food security can also be interpreted as a 
multidimensional and dynamic issue in the short 
and long term. Solving this problem requires 
taking into account the specificities of the devel-
opment model and food strategies in the coun-
try. The question of food security was behind the 
failure of the Tunisian model of development by 
a social revolution in January 2011. According 
to the report of the Food and Agriculture Or-
ganization (FAO), world food prices reached a 
record high in January 2011, exceeding the lev-
els reached during the 2007-2008 food crisis. As 
several analysts have shown, the extreme vul-
nerability to rising food prices of most countries 
of North Africa was undoubtedly a precipitating 
condition for social unrest (Bellemare, 2011; 
Breisinger et al., 2011; Lagi et al., 2011; World 
Bank, 2011). Despite the contribution of the 
Green Revolution and the integration of technol-
ogy in increasing agricultural production, food 
security remains a fundamental problem for 
many countries around the world. The shortage 
of agricultural products on international markets 
and the large fluctuations in food prices clearly 
reflect the tensions between demand and supply, 
thus causing higher prices and food insecurity 
in Mediterranean countries (Lacirignola et al., 
2015). A recent IFPRI report asserts that “food 
security has deteriorated in most Arab countries, 
which is consistent with observed high food 
prices inflation” and that, particularly in Tunisia. 
The diminishing capacity of the largest fraction 
of the population to access staple food and, more 
generally, the increased inability of the state to 
hamper the erosion of household incomes has 
been no doubt an important factor in crystalliz-
ing social discontent in North Africa (Breisinger 
et al., 2011). With this regard, the assertion that 
the food issue has taken a political dimension 
should not be understood in a restrictive way, 
i.e. that increases in food prices are likely to 
generate food riots and social unrest, but rather 
that they can lead, as was the case in Tunisia, to 
the rejection of the entire socio-political system 
(Gana, 2012). The farmers’ protest movement in 
Tunisia highlights the need for governments to 
address the social and food security dimension 
of agricultural development and call for structur-
al reform in land resource allocation, for major 

transformations in the social and technical mod-
els of agricultural production (IAASTD, 2009), 
as well as for profound changes in the organiza-
tion of farm input and output markets, at vari-
ous scales. Finally, the lesson to be learned from 
the Tunisian case is the profound link between 
all these factors: social, economic, agricultural 
and natural resources. The failure of the political 
system and the development model may worsen 
the issue of food security in the coming years 
in Tunisia with the context of climate change, 
where the Mediterranean regions will be the 
most affected by this phenomenon and in par-
ticular the developing countries.

The initiation of the study or research on the 
issue of food security must refer mainly to the 
basic definition of this concept. During the Rome 
Declaration on World Food Security in 2002, 
FAO defined food security as when “all people, 
at all times, have physical, social and economic 
access to sufficient, safe and nutritious food that 
meets their dietary needs and food preferences 
for an active and healthy life” (Belloumi, 2014). 
This definition explains that food security exists 
when people, at all times, have access to ade-
quate, safe and nutritious food that meets their 
dietary needs and food preferences for an active 
and healthy life (Ojo, 2004). So to address the 
issue of food security, one must consider the key 
dimensions in this definition like: availability, 
stability, access, and utilization (ADB, 2012; 
Kumar and Sharma, 2013). Several studies and 
research work have been carried out on the issue 
of food security and their dimensions in several 
regions of the world, but in Tunisia, the work re-
mains somewhat limited with a descriptive and 
qualitative analytical approach. This study will 
address the issue of food security in a quantita-
tive way by trying to identify the determinants 
of food security in Tunisia reflecting the key 
dimensions through an econometric approach 
adequate to this issue for interesting policy and 
strategic recommendations.

The study is structured in sections: after the 
introduction, we present a brief review of the lit-
erature on the methodological approach adopt-
ed to analyze the issue of food security. Then, 
a representation of the empirical model used in 
the study followed by an empirical result of the 
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estimation techniques and a discussion. At the 
end, a conclusion summarizes some recommen-
dations for policy makers in terms of food secu-
rity policy.

2. Literature Reviews

There are several research studies dealing with 
the problem of food security. Some studies focus 
on the determinants of the household-level food 
security model, for others at the national lev-
el depending on their intended objectives. The 
determinants of food security remain the main 
question of several researches despite the di-
versity of scales. The national scale remains the 
most favorable scale for the strategic orientation 
of policy makers. For example, in Morocco, ac-
cording to Aker and Lemtouni (1999), there are 
many factors that affect the Moroccan food se-
curity model, namely national food production, 
rainfall, food prices, Gini coefficient of income 
distribution, exports, female illiteracy rate and 
local health environment. Other studies have 
shown the impact of population growth on food 
security. Similarly, household size is one of the 
important determinants of food security at the 
household level, and empirical results show that 
household size is significant and negatively re-
lated to food security (Mensah et al., 2013). An-
other study showed that household size for food 
insecurity at the household level gives a signifi-
cant and positively related result (Gebre, 2012). 
On the other hand, the household size was im-
portant but had a negative impact on the food 
insecurity of rural households in Africa (Amaza 
et al., 2008).

Climate change has also become another im-
portant factor to be included in the food security 
model. Recent research has examined the impact 
of climate change on major components of food 
security such as availability, accessibility, af-
fordability, preference, utilization, and nutrition-
al value and food system stability. It is expected 
that the viability of current world agro-ecosys-
tem and future food availability have long 
term implication (Edame et al., 2011). Climate 
change tend to reduce agriculture productivity, 
production stability and income in some areas 
that already have high food security.

Tunisia is like other countries in the world, 
the issue of food security is a priority for agri-
cultural and agri-food policies of countries. The 
way scientists and researchers and policy mak-
ers analyzed this issue was not within the same 
approach. Scientists focused on specific issues 
in relation to their skills and expertise specialties 
while policy makers focused on development 
policies and regulatory instruments to ensure 
food security. Food security in Tunisia was often 
linked to the agriculture sector. This relationship 
is obvious, since food production was always the 
output of agricultural activity, but when the ag-
ricultural development model ended in deadlock 
and reached its limits, food security will be the 
most affected and the repercussions will be great 
magnitudes on the social and economic life in 
the country (Lattre-Gasquet et al., 2017).

The issue of food security has been addressed 
in many ways and on several scales. For some, 
the national scale is important because food 
security depends on trade and international 
exchange and world prices, so the macro-lev-
el study is the most appropriate for raising the 
gaps in food security and country sovereignty 
in terms of food. Among these works, we can 
note the paper that addressed the issue of food 
security at the Maghreb scale through a com-
parative approach to provide a review of the 
agricultural policies performance in the jive 
countries in the Maghreb and examine results 
of the reforms that have been taking place in 
these countries to achieve food security (Cheb-
bi and Lachâal, 2004).

Other papers linked the problem of food secu-
rity to water resources, particularly the concept 
of virtual water through an analysis of the evo-
lution of food and nutritional security in Tunisia, 
evaluating its sustainability under conditions 
of scarcity and free trade areas, with particu-
lar emphasis on the meat sector and the impact 
of climate change on agricultural production 
(Ouertani et al., 2016). Nutrition is also likely 
to be affected by climate change through related 
impacts on food security, dietary diversity, care 
practices and health. Indeed, climate change is a 
serious threat to food security if necessary meas-
ures are not taken by policy makers (Krishna-
murthy et al., 2012).
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The majority of these papers on food security 
are based on a descriptive and qualitative analy-
sis approach on the main dimensions related to 
the concept of food security in a separate way: 
availability, access, stability and use in terms of 
quality and food safety. The search for an inte-
grated, quantitative and explanatory approach 
remains the most appropriate approach to iden-
tify the determinants of food security in Tunisia.

The quantitative approach and in particular 
the econometric one is an appropriate approach 
for this type of problems, but the integration of 
the different dimensions of food security and the 
influencing factors through the choice of vari-
ables remains the most interesting task. This 
paper will adopt this econometric approach as 
a methodological tool of analysis to identify the 
key factors of food security in Tunisia, and the 
main recommendations that can be drawn to 
build strategic orientations for agri-food policies 
on this vital issue.

3. Data and Methodology

3.1.  Data

The variables of food security used in this 
study during the period of 1991-2017 are:

 - Food production index (2004-2006=100) 
which is proxy of food security. This index covers 
food crops that are considered edible and that con-
tain nutrients. Coffee and tea are excluded because, 
although edible, they have no nutritive value.

 - Inflation, consumer prices (annual %) as 
measured by the consumer price index reflects 
the annual percentage change in the cost to the 
average consumer of acquiring a basket of goods.

 - Food imports (% of merchandise imports); 
food comprises the commodities in SITC1 sec-
tions 0 (food and live animals), 1 (beverages and 
tobacco), and 4 (animal and vegetable oils and 
fats) and SITC division 22 (oil seeds, oil nuts, 
and oil kernels).

1 Standard International Trade Classification (SITC) is a classification of goods used to classify the exports and 
imports of a country to enable comparing different countries and years. The classification system is maintained by the 
United Nations. The SITC classification is currently at revision four, which was promulgated in 2006.

 - Land under cereal production (hectares) re-
fers to harvested area, although some countries 
report only sown or cultivated area. Cereals in-
clude wheat, rice, maize, barley, oats, rye, millet, 
sorghum, buckwheat, and mixed grains. Produc-
tion data on cereals relate to crops harvested for 
dry grain only. Cereal crops harvested for hay 
or harvested green for food, feed, or silage and 
those used for grazing are excluded.

 - Population, total is based on the de facto 
definition of population, which counts all res-
idents regardless of legal status or citizenship. 
The values shown are midyear estimates.

 - Precipitation (mm) is the average precipita-
tion in depth (mm per year).

 - Temperature (c°) is the average temperature 
per year.

All these variables are expressed in long 
terms. Those data obtained from World Bank 
and Department of Statistic (DOS) but for the 
precipitation and temperature from basic data of 
National Institute of Metrology (INM).

3.2.  Model Specification

Food security is defined in terms of four com-
ponents: food availability, access to food, food 
use, and food stability (FAO, 2006). Food pro-
duction indicates that food available for the pop-
ulation is produced by a country through nation-
al food production, alone or beyond domestic 
food production or both (Aker and Lemtouni, 
1999). National food production is the largest 
quantitative component of national food securi-
ty for almost all countries (FAO, 1996). Lack of 
food will cause hunger and famine in a country. 
Therefore, the empirical outline will be used for 
food production as an indicator of food security.

Based on the discussion on the potential deter-
minants of food security, the model can be writ-
ten as following:

FPI = F(INF ,LCER,FIMP,POP,PRC,TEMP)  (1)

https://en.wikipedia.org/wiki/United_Nations
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In log terms the equation (1) becomes as follows

ln FPI =α0 +α1ln INFt +α 2ln LCERt +
α3ln FIMPt +α 4ln POPt +α5ln PRCt +

α6ln TEMPt + ε t (2)

Where

FPI = Food production index (2004-2006=100)
INF = Inflation, consumer prices (annual %)
LCER = Land under cereal production (hectares)
FIMP = Food imports (% of merchandise imports)
POP = Total population
PRC = Precipitation (mm)
TEMP = Temperature (c°)
α0, α1, α2, α3, α4, α5, = Coefficient for the explan-
atory variables
ε = error term and t = times series period

The food security model analysis is based on 
tests and econometric techniques. The unit root 
test, co-integration test, and error correction 
model (ECM) techniques have been used for 
analyzing the time series data. The unit root test 
is called the Augmented Dickey-Fuller (ADF) 
test. First, the results show that food security 
and all the explanatory variables are stationary 
in the first difference value.

Second, the goal is to examine the long run 
relationship between food security and its deter-
minants through the normalized co-integrating 
equation showing that all the variables are sig-
nificant in the long run.

Further, the data were analyzed using the 
Vector Error Correction Model (VECM) to de-
termine how much the short run deviated from 
the long run. The coefficient in error correction 
term (ECT) is the speed of adjustment factor. 
There exists one error correction term in this 
analysis. The result shows the value of ECT is 
negative and significant indicated that there is 
long run causality between food security and its 
determinants.

Then, the diagnostic tests were conduct-
ed. These tests consist of the normality test 
(Jarque-Bera). In the Breusch-Godfrey Serial 
Correlation LM Test, we conclude that there 
is no evidence of autocorrelation problem in 

the model. And finally, in the heteroscedastic-
ity test we conclude that there is no evidence 
of heteroscedasticity problem in the model. To 
conclude, we can say that the specification of 
the food security model does not represent sta-
tistical anomalies and the representation of this 
model is acceptable.

3.3.  Unit Root Test

All the variables used in this food security 
model are tested for stationarity using unit root 
test. Testing of the stationarity of the time series 
ensures that the variables used in the analysis are 
not subjected to spurious correlation should be 
done before the estimation of the econometric 
model. The time series properties of the varia-
bles used in this study are the standard Augment-
ed Dickey-Fuller (ADF) test.

The ADF test is given by:

 Yt =α1 +α 2Yt−1 + µt t = 1,2,3 ……  (3)

Where

Yt = variable y at time t
Yt–1 = variable y at legged t

For convenient unit root testing, the equa-
tion is subtracted by Yt-1 and we have equa-
tion (4):

ΔYt = βt + β2ΔYt−1 + ε t and β2 = ρ −1  (4)

The hypothesis for unit root test is as following:

H0: ß2= 0; yt is non-stationary
H1: ß2< 0; yt is stationary

3.3.1.  Johansen  co-integration  test  and  long 
run equilibrium

Johansen test is used to test for co-integra-
tion in times series. The purpose of this test is 
to examine the long run relationship between 
the dependant variable and explanatory vari-
ables in the food security model. This test is 
carried out when all of the variables appeared 
to be co-integrated at the same order. In this 
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study, the focus is to determine the long run 
relationship between food security and the de-
terminant.

The Johansen tests are likelihood-ratio tests. 
There are two tests: (1) the maximum eigenval-
ue test, and (2) the trace test. For both test sta-
tistics, the initial Johansen test is a test of the 
null hypothesis of no co-integration against the 
alternative of co-integration. The test differs in 
terms of the alternative. The null hypothesis for 
the eigenvalue test is r = equals the number of 
co-integration vectors in the model, while the 
null hypothesis for trace test is r ≤ the number 
of co-integration vectors in the model. Similar 
to the unit root test, the number of co-integra-
tion vectors could be constant or include a trend 
term or both. This approach will later be used to 
examine the long run impact of the explanatory 
variables on food security.

3.4.  Vector Error Correction Model (VECM)

The Vector Error Correction Model (VECM) 
technique is used when the variables in the Vec-
tor Autoregressive Models (VAR) are co-inte-
grated. Granger representation theorem defined 
that when variables are co-integrated, there must 
also be an Error Correction Term (ECT) that de-
scribes the short run dynamics or adjustments of 
the co-integrated variables towards their equilib-
rium values. One period lagged co-integrating 
equation and the lagged first differences of the 
endogenous variables ECT consists in ECT. One 
can estimate ECT by using the Restricted Vec-
tor Autoregression (VAR) method. In particular, 
the Error Correction Model (ECM) can be con-
structed by expressing changes in the dependant 
variables as a function of the level of disequilib-
rium in the co-integrating relationship (captured 
by the ECT) as well as changes in other explan-
atory variables. This approach will show the 
speed of adjustment of the model in short run. 
Equation (5) shows the error correction model 
developed:

Δln FPI =α0 +α1Δln INFt +α 2Δln LCERt +
α3Δln FIMPt +α 4Δln POPt +α5Δln PRCt +

α6Δln TEMPt +α7ECTt−1 δ t

 (5)

Where

ECTt–1 is the Error Correction term and δ are 
the random error term.

4. Results and Discussions

The results of ADF unit root test show that at 
level, t-statistic values for all the variables used 
in this study such as food production index (lnF-
PI), consumer prices (lnINF), land under cereal 
production (lnLCER), food imports (lnFIMP), 
total population (lnPOP), precipitation (lnPRC) 
and temperature (lnTEM) are not statistically 
significance. Then, null hypothesis of non-sta-
tionary cannot be rejected at any significant lev-
el indicates that all variables series are non-sta-
tionary at level and the series contain a unit root.

However, at first difference, t-statistic values 
are significant. So, the null hypothesis of non-sta-
tionary can be rejected indicates that all variables 
are stationary at first different. Therefore, the 
result means that all the series are integrated of 
order one, I (1). Since the variables in the model 
are I (1), the spurious regression problem occurs.

Since the variables in the model are I (1), the 
spurious regression problems occur. Thus, the 
following sections discuss the results of co-in-
tegration analysis. The discussion starts with the 
determination of the optimal lag length obtained 
based on the VAR lag order selection criteria. 
The results in the Table 2 show that the optimal 
lag length for co-integration is 1.

The Johansen co-integration test conducted 
since unit root test showed that all the variables 
are I (1) and stationary at same order. Johansen 
test is purposely used to see the long run relation-
ship between two or more variables in the model. 
There are two co-integration tests conducted such 
as trace test and max-eigenvalue test and both 
tests used linear deterministic trend with restric-
tion, the result is presented in Table 3.

The co-integration test results both based on 
Trace statistic and Max-eigenvalue indicates 2 
co-integrating equations at the 5% level. Both re-
sults indicate that the variables are co-integrated 
each other and there is a long run significant rela-
tionship at the 1% level between food production 
index and explanatory variables (Table 4).
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Table 1 - Unit root tests of stationarity.

Variable Level
Intercept

Intercept & 
Trend

Level
Intercept

First Difference
Intercept & Trend Results

lnFPI -0.607389 [2]
(0.8506)

-5.923766 [0]
(0.0003)***

-5.923766 [5]
(0.0002)***

-5.497041 [5]
(0.0016)*** I (1)

lnINF -2.258717 [1]
(0.1924)

-2.398042 [1]
(0.3711)

-8.836484 [0]
(0.0000)***

-9.022543 [0]
(0.0000)*** I (1)

lnLCER -4.919469 [0]
(0.0006)

-4.812466 [0]
(0.0038)

-7.230797 [0]
(0.0000)***

-3.912758 [5]
(0.0323)** I (1)

lnFIMP -3.451598 [0]
(0.0185)**

 -3.538415 [0]
(0.0568)

-7.131453 [0]
(0.0000)***

-4.762357 [1]
(0.0048)*** I (1)

lnPOP -0.868312 [4]
(0.7778)

-4.639239 [5]
(0.0076)

-4.737478 [5]
(0.0015)***

-4.691917 [5]
(0.0074)*** I (1)

lnPRC -4.919469 [0]
(0.0001)***

-5.573624 [0]
(0.0007)***

-9.123293 [0]
(0.0000)***

-9.009635 [5]
(0.0000)*** I (1)

lnTEMP  0.551581 [0]
(0.9851)

-0.797104 [0]
(0.9525)

-1.818440 [1]
(0.3630)

-3.962758 [0]
(0.0422)** I (1)

Notes:
*** Indicates the rejection of hypothesis null of non-stationary at 1 % of significant.
** Indicates the rejection of hypothesis null of non-stationary at 5 % of significant.
* Indicates the rejection of hypothesis null of non-stationary at 10 % of significant.
[ ] Indicates the lag specification. ( ) Indicates prob. value.

Table 2 - VAR lag order selection criteria.

Lag LogL LR FPE AIC SC HQ

0  98.81265 NA  1.52e-12 -7.345012 -7.003727 -7.250354

1  250.2652 205.9754*  4.94e-16*  -15.54121*  -12.81093*  -14.78395*

Notes:
* Indicates lag order selected by the criterion at 5% level of significant.
LR: Sequential modified LR test statistic. - FPE: Final prediction error. - AIC: Akaike information criterion.
SC: Schwarz information criterion. - HQ: Hannan-Quinn information criterion.

Table 3 - Co-integration test results.

Hypothesized No. of 
CE(s) Trace Statistic 0.05 Critical Value Max-Eigen Statistic 0.05 Critical Value

None *  225.5030  125.6154  95.51207  46.23142

At most 1 *  129.9909  95.75366  62.51220  40.07757

At most 2  67.47874  69.81889  25.39003  33.87687

Notes:
Trace test indicates 2 cointegrating eqn(s) at the 0.05 level.
Max-eigenvalue test indicates 2 cointegrating eqn(s) at the 0.05 level.
* denotes rejection of the hypothesis at the 0.05 level.
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This relationship between these dependent 
and independent variables supports our hypoth-
esis that food insecurity in Tunisia is a long-term 
problem and that some factors pose a threat to 
food security. It is therefore important to take 
corrective measures or adjustments to main-
tain and improve food security. Negative signs 
of some variables in the Table 4 are expected, 
such as: INF (inflation), POP (population), and 
FIMP (food import). And several works show 
these results (Warr, 2014) and (Amjath-Babu et 
al., 2019).

The negative sign of the climatic variable, 
such as the temperature variable (TEMP), con-
firms that climate change will have adverse ef-
fects on food security due to the instability and 
decline in agricultural production of some crops 
important for food security, such as the cereals. 
While, the precipitation variable (PER) will have 
positive effects on agricultural production and 
productivity. These signs of long-term climatic 
variables do not differ from the results found in 
other research on the relationship between food 
security and climate change (Khee et al., 2011; 
Alam et al., 2011).

The negative sign of the variable of land under 
cereal production (LCER) is not expected as in-
creasing cereal areas normally contribute to in-
crease agricultural production and food security. 
But we can find explanations for the negative 
sign of the variable (LCER) in the classical the-
ory of Ricardo land rent (Ricardo, 1815), which 
decreases because the extension extends to less 
fertile marginal lands or is already fully cultivat-
ed (Bidard, 2014). This variable also explains the 
negative sign of the population variable (POP), 

indeed, to feed a population it is necessary to 
extend on land even less fertile marginal lands, 
and the famous economist Malthus explains this 
question by the difference between the popula-
tion with experiential growth and food supplies 
with arithmetic growth due to this decrease in 
land rent (Malthus, 1815).

Finally, we can deduce from the co-integration 
equation that food security is threatened in the 
long term and that the significant signs of the 
different variables of the model find these ex-
planations in classical economic theory and the 
impacts of climate change.

Thus, it would be inappropriate to estimate a 
VAR model when the variables are co-integrated 
and expressed in first differences (Baffoe-Bon-
nie and Gyapong, 2012) because first differenc-
ing would lead to the loss of a significant por-
tion of information related to the co-movement 
in the data. Rather than a VAR model, an error 
correction model is the appropriate model if the 
variables are co-integrated in first differences 
(Engle and Granger, 1987). According to Eng-
le and Granger (1987), the co-integration rela-
tionship must have an ECM representation. The 
ECM essentially estimates the short run dynam-
ics between the variables. The results of short 
run Error Correction Model for food security is 
presented in Table 5.

Based on the VECM result in the Table 5, an 
error correction term exists in this analysis. Since 
the coefficient value of this error correction term 
is more than one (ECTt-1> 1), it indicates that 
the short run deviation goes on rapid paths to 
equilibrium in the long run. Otherwise, if the co-
efficient value in this error correction term is less 

Table 4 - Results of co-integration equation.

Co-integration equation                                         Log likelihood 280.1063

Normalized co-integrating coefficients (t-Student in parentheses)

LFPI LCPI LLCER LPOP LFIMP LPRC LTEMP

1.000000 -3.463718 -3.030863 -14.15710 -13.87866 8.257720 -22.27614

-4.5723*** -7.7876*** -5.3058*** -15.513*** 12.224*** -2.896***

Note: *** Significant at the 1% level.
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than one (ECTt-1< 1), it indicates that the error 
correction term slowly adjust back to equilibri-
um in the long run. The results presented show 
that the ECTt-1 coefficient is negative and sig-
nificant at 1% significant level implying that the 
series cannot drift too far apart and convergence 
is achieved at the long run. The estimated coeffi-
cient of the error correction term was -0.785176 
indicates that the speed of adjustment is around 
78% at 1% significant level. It means that the 
adjustment process of the disequilibrium is a bit 
slowly; it is about 78% in one year (annually 
data). Therefore, the representative variables of 
food security in Tunisia show an overall signifi-
cance of 74% at a confidence level of 1% in the 
Table 5 (R-squared =0.745817; Prob (F-statistic) 
=0.005803).

The results also show the existence of sig-
nificant short-term relationships between food 
security through proxy food production and 
explanatory variables. We note that the var-
iable of land under cereal production (LCER) 

is the only significant positive variable in the 
short term. This variable positively affects food 
production in the short term. A 1% increase in 
ΔlnLCERt-1 will result in ΔlogFPIt-1 expansion 
of 0.534739%. In terms of significant level, 
ΔlnLCERt-1 is statistically significant at a con-
fidence level of 5%.

This result confirms again the Ricardo hy-
pothesis and also the concept of decreasing 
marginal productivity of the land. Indeed, it can 
be deduced that the intensification on land un-
der cereal production (LCER) in Tunisia is in-
creasing but the agricultural productivity could 
be decreasing in the long term. The change of 
sign of this variable between the short and long 
term draws the attention for policy makers in 
agriculture to seek a strategy of preservation of 
the land under cereal production and improve-
ment of their fertility especially with the con-
text of climate change.

On the other hand, the other variables showed 
a significantly negative relationship in the short 

Table 5 - Results for estimated Vector Error Correction Model (VCEM).

Variables Coefficient t-statistic Prob.

Constant -0.013713 -0.141989 0.8891

Δ In FPIt–1 0.184697 0.707512 0.4909

Δ In CPIt–1 -1.841640 -2.954334 0.0084***

Δ In LCERt–1 0.534739 1.826115 0.0492**

Δ In FIMPt–1 -1.751335 -2.073653 0.0323**

Δ In POPt–1 3.193411 0.410372 0.6877

Δ In PRCt–1 0.164230 0.989621 0.9792

Δ In TEMPt–1 -2.070064 -1.075262 0.3004

FPIt–1 -0.785176 -3.497616 0.0036***

R-squared 0.745817

F-statistic 4.564281

Prob(F-statistic) 0.005803

Notes: *** Significant at the 1% level; ** Significant at the 5% level.
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term. It is noted that the inflation variable (INF) 
has a negative impact on food security. A 1% 
increase in ΔlnINFt-1 will result in ΔlnFPIt-1 ex-
pansion of 0.534739%. In terms of significant 
level, ΔlnLCERt-1 is statistically significant at 
a confidence level of 1%. This result asserts 
that inflation is a factor in the deterioration of 
purchasing power and consumer basket, and its 
effects will be passed on to agricultural produc-
tion since demand is low because of rising food 
prices and high inflation. The Tunisian citizen 
is in difficulty to provide his staple food and 
food security will be threatened. The result also 
confirms the current situation after revolution, 
especially the period between 2014 and 2017, 
when the inflation rate reached 6%. The ad-
verse effects of inflation on food security in the 
short term require regulatory and price control 
measures and channel the agri-food chain for 
some staple crops to food.

The second variable is the food imports var-
iable, which has a significant negative effect in 
the short term. A 1% increase in ΔlnFIMPt-1 will 
result in ΔlogFPIt-1 expansion of 0.534739%. 
In terms of significant level, ΔlnFIMPt-1 is sta-
tistically significant at a confidence level of 
1%. This result shows that food imports are a 
disincentive for domestic production and also 
a factor in increasing the cost of production 
and also in the price of certain food products. 
Importation is also a source of depreciation of 
the national currency (Tunisian dinars) and the 
deterioration of the purchasing power of Tuni-
sians. Therefore, food security requires slow-
ing down the pace of feed imports and encour-
aging domestic production through incentive 
and subsidy strategies. Food security requires 
investment in new technologies to increase ag-
ricultural productivity but without compromis-
ing the intensive degradation of natural water 
and soil resources.

In addition to the relevant findings on the de-
terminants of food security, the validation of the 
applied VCEM model shows the absence of any 
statistical anomalies for the series of variables 
chosen according, so the model is statically good 
and the choice of variable is statistically accept-
able and relevant in terms of results and inter-
pretations.

5. Conclusions and Recommendations

Food security in Tunisia is a major issue of 
great importance for the daily life of Tunisians, 
especially citizens who have an average income. 
This problem will worsen with the context of cli-
mate change in future years.

The purpose of this study is to determine the 
influence of certain variables on the food securi-
ty model of Tunisia. Many variables can play a 
role for food security in the country. The varia-
bles selected for the analysis concerned inflation, 
population, land under cereals, food imports and 
the climate variable via precipitation and tem-
perature. These six independent variables have 
been tested to determine their effect on Tunisia 
food security model. This study uses time series 
data from 1991 to 2017.

The result shows that three variables such as 
inflation, land under cereals and food imports 
are significant in the short term. Others varia-
bles such as climate change and population are 
neither significant nor important to explain Tu-
nisia’s food security in the short term. All var-
iables are significant in the long run at the 1% 
level. The result also shows that the TCE-1 coef-
ficient is negative and significant at the 1% level, 
which implies that the series can not deviate too 
much and convergence is obtained in the long 
term. The estimated coefficient of the error cor-
rection term was 0.78 indicates that the speed of 
adjustment is about 78% to 1% significant level. 
This means that the imbalance adjustment pro-
cess is about 78% in one year.

Based on the results of the study, several 
recommendations can be made concerning the 
signs of variables in the equation of long-term 
and short-term estimates. Indeed, the change in 
the sign between the short and long term of the 
variable land under cereals shows that a decline 
in soil fertility and land rent is decreasing with 
the context of climate change in accordance with 
Ricardo’s theory. The positive sign of the vari-
able precipitation shows the importance of this 
variable in food production and also confirms 
the impact of climate variables on the stability 
of food security evoked by other research on 
this issue (Barnett, Adger, 2007; Barrios et al., 
2008). Other significant variables having signif-
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icant negative effects are short-term and long-
term food production such as inflation and food 
imports. On one hand, other variables such as 
temperature and population have negative effects 
in the long term. Thus, it can be deduced from 
these results that the need to develop long-term 
conservation measures and strategies for natural 
resources, especially land cultivated in Tunisia, 
to improve its fertility. These measures must 
also be accompanied by policies to adapt to the 
climate change context in future years. Political 
measures are necessary in the short term, such 
as the adoption of a monetary policy to control 
inflation through the implementation of price 
control and monitoring instruments throughout 
the agro-food chain. These measures must also 
be accompanied by policies to adapt to the cli-
mate change context in future years. Political 
measures are necessary in the short term, such 
as the adoption of a monetary policy to control 
inflation through the implementation of price 
control and monitoring instruments throughout 
the agro-food chain. A political strategy integrat-
ing control instruments for informal trade which 
helps to control the increase in prices of basic 
foodstuffs to maintain the balance between sup-
ply and demand without shortage of these goods 
sometimes on the internal market. In terms of 
opening the Tunisian economy to the outside 
world, the return to a strategy aimed at reducing 
food imports to encourage national production 
by granting specific subsidies to Tunisian farm-
ers in disadvantaged regions for the cultivation 
of their agricultural land. Encouraging Tunisian 
agriculture can also be a source of job creation 
for young specialized graduates to modernize 
agriculture using the appropriate new technolo-
gy and contribute to food security in Tunisia in 
the medium and long term.
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