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Abstract Rice is among the most consumed cereal crops in Togo with demand growing sharply over the years,
due to the population growth and the change in consumer preference. It therefore plays a fundamental role in
achieving food security in the country. This paper analyzed the determinants of rice availability in Togo. Secondary
time series data from 1989 to 2013 were used. A Fully Modified Least Square (FMLOS) regression was used for the
analysis. The study found that rice yield, exchange rate and total arable land had a positive and significant influence
on rice supply whereas real per capita gross domestic product and foreign interest rate had negative impacts on rice
supply in Togo. Therefore, government policy should focus on increasing the use of improved technologies such as
improved seeds and fertilizers to improve rice yield, hence the overall food availability and indirectly food security
in Togo.
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1. Introduction
Availability of food is one of the major challenges
worldwide, particularly for developing countries where
crop yield is still very low, making those countries to be
import dependent. Food availability, one of the key pillars
of food security is defined as the supply of food made-up
of domestic food production, food imported, food
donation and the domestic stock.
Despite the Millennium Development Goals adopted in
2000 by the United Nations and replaced by the
Sustainable Development Goals in 2015 which both aim
to eradicate hunger, malnutrition is still a major concern.
The total food security has improved extraordinarily over
the past 50 years, on account of expanding worldwide per
capita food availability and diminishing expenses on food,
yet, famine, malnourishment and food insecurity stay
across the board [1]. Undernourishment people have
expanded from around 804 million in 2016 to almost 821
million in 2017 [2]. Additionally, in 2017, the World
Bank noticed that 83 million people in 45 nations were
starving and African nations have the most astounding
predominance with 20% of their populace starving. In
sub-Saharan Africa, a food insecure region, the per capita
dietary energy balance is negative.
In Togo, the Demographic and Health Survey (EDSTIII,) conducted in 2014 demonstrated that over 28 percent
of 6-59 months old children were experiencing constant
lack of healthy food and 6.5 percent from intense hunger
(including 1.5 percent from extreme intense malnutrition).

The severe malnourishment rate is high, especially in the
locales of Kara (7.2 percent) and Savannah (11.2 percent)
[3]. This can halfway be explained by the sociopolitical
and financial disturbance the nation has encountered over
the past fifteen years, which disturbance has added to high
food instability and under nutrition levels. A sequence of
destroying floods has likewise negatively affected the
nation's food security. In spite of the fact that it has
diminished lately, the general poverty rate still stands at
57.8 percent and the intense hunger rate countrywide is at
4.9 percent [3].
The role of rice in achieving food security is no more to
be argued. In fact, rice is the staple food for more than 3.5
billion people worldwide. In 2009, rice has provided more
than 20% of their daily calories, 19% of global human
per capita energy and 13% of per capita protein. [4].
In Togo, rice is the third most consumed staple cereal.
According to the Togolese Direction of Agricultural
Statistics, Informatics and Documentation (DSID) study
on the project "Strengthening the availability and access to
rice statistics: a contribution to the emergency initiative
for rice in sub-Saharan Africa", the average national
consumption is 15 kg per year. With an average
population growth rate of 2.4% per year, the annual need
for white rice has been estimated by the National Strategy
for Rice Development (NRDS) to reach 108,803 tons in
2018. Over the period 2000-2008, rice has counted for 3%
in the food production Gross Domestic Product (GDP)
estimated to 24.6% of the 40% of agricultural GDP [5].
Rice is consumed under different form: it is usually boiled
and served with tomato or peanut sauce; consumed as rice
porridge drunk with milk; it is also consumed as rice paste
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in some parts of the country or associated with beans.
According to the Togolese Agricultural Institute of
Research, four types of rice cultivation are practiced
within the country such as irrigated rice farming (19% of
the total area), strict rain-fed rice farming (26% of the
total area), rain-fed rice farming with lap and lowland rice
farming (55% of the total area).
Although the country has significant water resources
and irrigable land (alluvial plains, shallows) estimated at
185, 000 ha to allow a revival of its production, domestic
demand exceeds supply, thus the country imports mostly
half of its need mainly from China, India, Pakistan,
Singapore, Thailand, USA, Cote d'Ivoire, Ghana and
Benin [5]. This can be explained by the low use of
improved seeds, fertilizers and the non-development of the
irrigation system. To remedy this situation, the Togolese
government has implemented many policies and strategies.
The latest strategy was the National Rice Development
Strategy which derived its orientations from the National
Program for Agricultural Investment and Food Security
(PNIASA) which finds anchored in Comprehensive Africa
Agriculture Development Programme (CAADP/ECOWAP).
There are numerous determinants of food security in
general and food availability in particular. The most
important challenges that constitute a barrier for many
countries achieving food security are the underdeveloped
agricultural, poverty, barriers to market access, effects of
globalization, rapid population growth and climate change
[6]. Income change and its distribution; education; food
prices; land availability and quality; yield of land and crop
and climatic conditions are also some of the determinants
of food security [7].
Rising real per capita GDP has been pointed out to
increase the application of more fertilizers and
agrochemicals by domestic farmers, it also increases the
use of high yielding varieties and the purchase of farm
equipment, hence increasing the quantity of food supplied
in the country. The positive relationship between real per
capita GDP and food supply sufficiency suggests that the
substitution effect associated with rising real per capita
GDP is outweighed by the larger production scale effect
associated with real per capita GDP [8]. Since poverty and
famine are highly correlated, a sharp increase in income
will be followed by an enhancement in food nutrition and
security. In other words, a rise in the level of income
allows not only higher purchasing power but also a
reduction in the share of income spent on food products,
making households less vulnerable to price volatility.
Some scholars also argued that rising income affects food
security positively by increasing the food availability
through the import and allowing consumers to have access
to food at any time they need [9,10,11,12]. However,
Kavallari, A. et al [13] did not come to the same
conclusion. According to their findings, higher economic
growth corresponds to a higher demand for food and
reduction in supply; this pattern will lead to high world
market prices for agricultural commodities. On the
opposite side, a low GDP means lower world market
prices which will increase import and indirectly the per
capita food calorie intake.
The exchange rate also influences food availability. An
increase in exchange rate value implies higher imported
commodity’s prices since the depreciation of the local

currency has a negative effect on the country’s ability to
import food, this affects the total food available for
consumption. Also, an increase in the exchange rate
affects agricultural activities through its impact on input
prices. Higher input prices will cause domestic
agricultural production to fall and therefore affect food
availability adversely. Some researchers concluded that
the exchange rate has a significant impact on the food
commodities real prices increase. That means an increase
in the exchange rate automatically causes an increase in
food commodities real prices [8,9,14-18]. But reference
[19] did not find the same result. They rather found that
the exchange rate is not statistically significant as a
determinant of the general food price level.
Another determinant of food security is the interest rate.
Some researchers on the topic found that there is a
relationship between the interest rate and agricultural
commodity prices. Changes in interest rates affect both
demand and supply. From the demand side, the lower
interest rate implies lower opportunity cost for holding
inventory. However, the higher interest rate will
discourage stock possessions due to higher opportunity
cost for holding stock. Thus, lower interest rate or
financial repression will cause a switch from Treasury bill
holdings to agricultural contracts. Rising interest rates
impose credit constraint especially on smallholder farmers
who lack guarantee [8,18,20,21]. In emerging countries
such as in sub-Saharan Africa where agricultural activities
are highly subsistence-based, the rising interest rates
will antagonistically influence the amplitude of crop
production and subsequently food security. The higher
interest rate would also mean higher cost of inputs and
that will change the weigh bridge of production and the
producer price of food, even for prosperous peasants. Thus,
food availability is adversely affected by a higher capital
cost [8]. However, reference [17] did not find any link
between the interest rate and agricultural commodity
prices.
Education also has been pointed to positively influence
food security. The more educated a farmer is, the better
the productivity and the income, due to his ability to adopt
new technologies which increases the farm yield, thereby
his income. Reference [22] found a positive correlation
between food availability, calories and human development.
Reference [23] argued that education affects both
mild-to-moderate food insecurity as well as the experience
of severe household food insecurity. As in [24], food
insecurity is high in households with low levels of
education. Reference [25] however concluded that there is
no significant relationship between education and food
security.
Climate change has a non-negligible effect on food
security. Some scholars concluded that drought, land
cover and climate changes and biological feedbacks
negatively affect food security [26]. References [27,28]
also showed the adverse impact of climatic variability on
food security.
This study aimed to evaluate the factors determining
rice availability at the national level in order to improve
food security in Togo. It was hypothesized that rice yield,
total arable land and per capita GDP have positive impact
on rice availability. The findings of this study would serve
as a compass for the Togolese government in its new
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strategy on food security and on the development of rice
production.

=
Q QDF
= Q ( FP, rL, rK , rLA, rF , rA, rV , rI , rIS , W )
dQ / dFP > 0, dQ / dri < 0,

=
i(
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(7)

L, K , LA, F , A, V , I , IS ) , dQ / dW > 0

Where on the other hand, food import is dependent on
world food price (FWP), real per capita GDP (RGDPP) of
the importing country, cost, and availability of off-shore
financing (proxy by international interest rate, IIR), and
exchange rate (ER). Food import is given in equation (8):

The study area, Togo, is one of the smallest countries in
West Africa with an area of 56, 785 kilometers square and
a population estimated in 2017 to be 7.6 million
inhabitants. It is bordered to the north by Burkina Faso, to
the south by the Gulf of Guinea, to the east by Benin and
(8)
QFI = F ( FWP, RGDPP, ER, IIR ).
to the west by Ghana.
Equation (9) given below is obtained by the substitution
Secondary time series data from 1989 to 2013 were
of
equations (7) and (8) into equation (2) deducted by food
used in this study. The descriptive analysis and the unit
aid
import and carry over stock
root test were conducted in Stata 14 while the Bounds
cointegration tests and the Fully Modified Least Square
=
QFA QDF ( FP, ri, W ) + QFI ( FWP, RGDPP, ER, IIR). (9)
(FMOLS) regression were run using Eviews 10.

2.2. Empirical Framework

2.1. Theoretical Framework for Food
Availability
The model of the study is adopted from [8,29]. The
determinant of food availability (QFA) at the national level
can be derived from equation (1):

QFA = QDF + QFI + QA + QST

(1)

Where QDF represents the domestic food production, QFI is
the food imports, QA is the food aid and QST represents
domestic stock. In this present study case, domestic food
production and food import will be our major concern.
Thus, food availability will be explained by those two
aggregate variables. Food availability is given in equation
(2):

Q
=
FA QDF + QFI .

(2)

Domestic food supply is a function of factor inputs,
technology, the quantity of infrastructural services and
weather as expressed in equation (3):

QDF = Q ( L, LA, K , F , A, V , I , IS , W )

(3)

L is units of labor, LA is the cultivation land, K is capital,
F is fertilizer, A is agrochemicals, V is improved varieties
of food crops, I is the irrigation services, IS is the quantity
of infrastructural services and W denotes weather. The
objective is to maximize profit. The revenue from farming
and the cost associated with farming are specified in
equations (4) and (5) respectively:

The choice of the explanatory variables was based on
reference [8] work. Variables such as oil prices and rice
prices have been found in the previous studies also as key
determinants of food availability. However, our study did
not include them because of: their non-relevance in this
study case (oil prices) and the lack of data within the
study’s time period (rice prices).
The final model for rice supply to be estimated is shown
in equation (10):

lnQRA =
α + β1 ARLt −i + β 2lnRYt −i + β3 RGDPPt −i
+ β 4 IIRt −i + β5lnERt −i + ε t
β3 , β 4 < 0; β1 , β 2 , β5 > 0

(10)

Where α represents the intercept (constant term), β
represents the slope coefficient for each explanatory
variable and εt is the error term.
Table 1. Definition of the Variables Used in the Study
Variables

Definition

QRA

Rice Availability (measured as the total supply of available
rice in kilocalories per capita per day)

ARL

Arable Land (total arable land in Togo in ha)

RY
RGDPP
IIR

Rice Yield (Kg/ha)
Real Gross Domestic Product per capita (in constant 2005
USD)
International Interest Rate (lending interest rate charged by
US banks on loans to prime customers)

R = PFQDF

(4)

ER

AC = C (QDF , rL, rK , rLA, rF , rA, rV , rI , rIS ).

(5)

Source: world rice statistics, World Bank World Development Indicators,
World Bank World Development Indicators, Direction of Agricultural
Statistics, Informatics and Documentation (DSID).

The profit function can be represented as:

maxΠ =PFQ – C ( Q, rL, rK , rLA, rF , rA, rV , rI , rIS ) (6)
where rL, rK, rLA, rF, rA, rV, rI, rIS denote prices of
labor, capital, land, fertilizer, agrochemicals, improved
varieties of food crops, irrigation services, and
infrastructural services, respectively. The first-order
condition (dII/dQ) of equation (6) produces domestic food
availability as expressed in equation (7) where PF is the
price of food. The domestic food availability function is
convex in the price of food and weather.

Exchange Rate (FCFA/US$)

2.3. Econometric Technique
The Fully Modified Least Square (FMOLS) regression
is the econometric technique used in this present study.
The FMOLS regression was initially planned in work by
Phillips and Hansen [30] to give ideal appraisals of cointegrating regressions. The technique adjusts least
squares to account for serial correlation effects and for the
endogeneity in the regressors that outcome from the
presence of a co-integrating relationship. They proposed
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an estimator which utilizes a semi-parametric correction to
take out the issues brought by the long run correlation
between the co-integrating equation and stochastic
repressor’s innovations. The subsequent Fully Modified
OLS (FMOLS) estimator is asymptotically impartial and
has fully efficient mixture normal asymptotic allowing for
standard Wald tests using asymptotic Chi-square statistical
inference [31]. One reason the technique has demonstrated
to be helpful practically speaking is that one can utilize the
FM corrections to decide how significant these effects are
in an experimental application. This has made the technique
less of a "black box" for professionals. In situations where
there are real contrasts with OLS (Ordinary Least Square),
the source or sources of those differences can for
the most part be effectively found and this, thusly, helps to
provide the investigator with additional information about
important features of the data [32].
The FMOLS estimator is prearranged as:
−1

 Τ
  Τ
λˆ +  
=
θˆ  ∑t t′   ∑t yt+ − Τ  12 ' 

 
 0  
=
 t 1=
 t 1

(11)

̂+
Where У+
𝑡𝑡 and 𝜆𝜆12 are the correction terms for endogeneity
of regressors and serial correlation in errors respectively.
The correction terms for endogeneity and serial
correlation are expressed in equations (12) and (13)
respectively:
𝜆𝜆̂+
12

(12)

�
�−1
𝑦𝑦𝑡𝑡+ = 𝑦𝑦𝑡𝑡 − ⍵
22 𝒱𝒱2
= 𝜆𝜆̂12 −

� −1
⍵
�12 Ω
22

(13)

�22
∧

� and ∧
� are the long-run covariance matrices
Where Ω
computed using the residuals𝒱𝒱�𝑡𝑡 = �𝒱𝒱�1𝑡𝑡 , 𝒱𝒱�2𝑡𝑡 �′ . 𝒱𝒱�1𝑡𝑡 is the
residual computed from equation (14) and 𝒱𝒱�2𝑡𝑡 is obtained
directly from equation (16) or indirectly from equation
(17):
(14)

′
𝛾𝛾 + 𝒱𝒱1𝑡𝑡
У𝑡𝑡 = 𝑥𝑥𝑡𝑡′ 𝛽𝛽 + 𝐷𝐷1𝑡𝑡

(15)

𝛥𝛥𝛥𝛥2𝑡𝑡 = 𝜀𝜀2𝑡𝑡

′
′ )
is assumed strictly stationary with zero
, 𝜀𝜀2𝑡𝑡
𝜀𝜀𝑡𝑡 = (𝒱𝒱1𝑡𝑡
mean and infinite covariance matrix ∑.

𝛥𝛥𝛥𝛥𝑡𝑡 = 𝛤𝛤�21′ 𝛥𝛥𝐷𝐷1𝑡𝑡 + 𝛤𝛤�22′ 𝐷𝐷2𝑡𝑡 + 𝒱𝒱�2𝑡𝑡
𝒱𝒱�2𝑡𝑡 = 𝛥𝛥𝜀𝜀̂2𝑡𝑡 .

(16)

(17)

Table 2. Descriptive Statistics

Rice Yield

3.2.1. Augmented Dickey Fuller Test and Bounds Test
for Co-integration
A unit root test was run to check the stationarity of
the variables used in this study. The null hypothesis
(H0= Presence of unit root) was tested against the
alternative hypothesis (H1= absence of unit root). ADF
test showed that the variables were not stationary at
level I(0) but became stationary after first difference I(1)
(Table 3).
Bounds co-integration test revealed the long run
relationship between the variables since the F-Statistic
value was greater than the lower bound critical value.
Table 3. Augmented Dickey Fuller Test
Variables
‡Δ Rice Availability
‡Δ Rice Yield
‡Δ Exchange Rate
Δ Arable Land
Δ Real per capita GDP
Δ International Interest Rate

ADF test
-3.982
-4.287
-3.417
-3.455
-5.036
-4.069

Lag
1
1
1
1
1
1

Order of integration
1
1
1
1
1
1

Source: author’s conception using research data in STATA 14
‡ indicates variables in log. ADF test is the Augmented Dickey Fuller
test. Lag means lagged differences. The critical value at 5% for a sample
of 25 observations is -3.000. (See Dickey-Fuller table for Unit Root Tests).
Table 4. Bounds Cointegration Test
Test Statistic

Value

Significance

I(0)

I(1)

Finite Sample: n=30
F-statistic
k

5.591187

10%

2.407

3.517

5

5%

2.91

4.193

1%

4.134

5.761

Source: author’s conception using research data in Eviews 10.

Determinant of Rice Availability

3.1. Descriptive Statistics

Rice Availability

3.2. Regression

3.2.2. Fully Modified Least Square Regression
(FMOLS)

3. Results and Discussion

Variable

This study found that the mean value of rice availability
was 182.96 kcal/capita/day. On average rice yield was
2153.669 kg/ha, exchange rate mean value was 497.9716
F CFA/US$. The mean of total agriculture arable land in
Togo was 42.55929%, the real gross domestic product per
capita (RGDPP) had a negative mean value of 0.143277%
and the international interest rate on average was 6.5381%.

Unit

Mean

Std
Deviation

kcal/capita/day

182.96

55.76026

F CFA/US$

2153.669

487.4692

Exchange Rate

%

497.9716

131.9174

Arable Land

%

42.55929

3.147296

Real per capita GDP

%

-0.143277

5.667185

International Interest Rate

%

6.5381

2.369141

Source: author’s conception using research data in STATA 10.

The model fitted the data quite well as indicated by
R square. The coefficient of multiple determinations R2
was 0.75 which means that the explanatory variables
included in the model explained 75% variation in rice
availability.
Rice yield had a significant impact on rice availability.
An increase of one percent point in rice yield is expected
to increase rice supply by 0.73 percent. The positive
impact of crop yield on food availability is in line with [8].
The exchange rate was positively and significantly
related to rice availability. A one percent change in
exchange rate would result in 0.33 percent increase
in rice availability. From this finding, it can therefore be
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concluded that rice is a normal good since its price
elasticity of supply is greater than one. A depreciation of
local currency is supposed to cause an increase in food
price, which would lead to a decrease of import and
consequently a decrease of supplied food. This result
agrees with [8,16,17,18,34]. The impact of total arable
land was positive. A one percent increase in arable land
will lead to an increase in rice supply in Togo by 0.05
percent. This is consistent with [8]. The real per capita
GDP had a negative influence on rice availability. An
increase of one percent in real per capita GDP would
decrease the rice supply by 0.01 percent. This suggest
that a high GDP in a country favor household food
consumption, people are likely to purchase more food and
when the stock is not renewed it will lead to rice scarcity.
Kavallari, A. et al [13] findings are in support of this
result. They concluded that the higher the economic
growth, the higher the demand for food and the lesser the
supply. This pattern would lead to high world market
prices for agricultural commodities. On the opposite side,
a low GDP means lower world market prices which will
increase import and indirectly the per capita food calorie
intake. However, references [8,10,11,12] found a positive
link between real per capita GDP and food availability.
The international interest rate had also a negative
influence on rice supply. A one percent increase in
international interest would lead to 0.02 percent increase
in the quantity of rice available in Togo. This suggests that
a high rate of interest in the US economy will lower
export demand for rice. On the other hand a lower interest
rate would have an opposite effect on the export. This
implies more food availability in importing countries. In
other words, a lower interest rate in US or in other
countries would increase agricultural contracts and
agricultural commodities stock holdings in the domestic
economy. This result is in agreement with [8,35].

in Togo. The study used 25 years data from 1989 to 2013.
The result found that rice yield, exchange rate and
arable land had positive and significant effects on rice
availability. On the other hand real GDP and international
interest rate had negative impact on rice availability.
Following the above results, it can therefore be concluded
that for rice to permanently available for Togolese
people’s consumption, the government need to promote
the utilization of improved technologies such as fertilizer
and improved seeds. Similarly, there is need to develop
rice cultivation under irrigation system to adapt to the
climate change effects which seriously affects dependence
on rainfall only, thereby contributing to the food security
of Togo.
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