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Abstract

Rice is the staple food in Sierra Leone, with the annual consumption increasing faster than the yearly production.
As a result, the county is yet to be self-sufficient in rice production, resulting in a very high annual import bill.
This paper aims to predict Sierra Leone's self-sufficiency in rice until 2030. The time series modeling approach
(Box Jenkins' ARIMA model) was used to forecast rice production, consumption, and finally, rice self-sufficiency
in Sierra Leone. The predicted results of the study showed that the self-sufficiency rate of rice will fluctuate
between 63% and 65% in the forecasted period of 2021 and 2024 and will then remain stable (constant) at 63%
until 2030. Therefore, as shown from the study results, Sierra Leone will continue to import about 37% of rice
annually at the current production scenario until 2030. This study's findings showcased that although the country
has formulated some viable policies to boost rice production, more effort is needed to ensure self-sufficiency.
However, any policy to increase rice production should strive to improve small-scale rice producers in line with
their agronomic practices.
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1. INTRODUCTION 2019). The

average annual rice

The agricultural sector of Sierra Leone
contributes about 61 percent of its GDP,
according to the “CIA World Factbook
(2020)”. The crop subsector (rice, maize,
cassava, and sweet potato) contributed an
average of 44.5% to the country's GDP in
2020 (Statistics Sierra Leone, 2021).
Although the rice sub-sector accounts for
around 62 percent of the Agricultural Gross
Domestic Product (AGDP), it imports
considerable rice to meet its domestic
consumption (Stats. SL, 2021). Statistics
have shown that 85 percent of the farmers
in Sierra Leone are rice farmers, accounting
for 764,491 ha (7644.91 km2) with an
average yield of 800,000 metric tons. The
average Yyield per hectare was 1.2 less than
the African average of 2.1 and only 35% of
the global average of 3.4 t/ha (Fahad et al.,

This work is licensed under a

consumption per person was around 100kg
in 2013. However, this average rose to 185
kg in 2017 (FAOSTAT (2017). Sierra
Leone ranked sixth in the global ranking in
terms of per capita rice consumption
(FAOSTAT, 2017). “World Data Atlas
(2018)” estimated that the country spent
around 800 million U.S. dollars on rice
imports between 2010 and 2017, nearly 100
million U.S. dollars a year. In 2019 alone,
over 360,000 MT were imported, the
highest rice import history according to the
“World Data Atlas (2019)”. Besides
reducing available funds for national
building, this importation also disincentives
local farmers because the imported rice is
relatively cheap and better processed
(World Bank, 2014).
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Agricultural policies in Sierra Leone can be
traced back to colonial rule. However, the
policies could all be divided into five main
phases. The very first phase was known as
"the colonial and decolonization era
(mostly the period leading up to
independence, 1900-1961)," and policies at
that time were geared mainly towards
tackling specific socio-political problems
known as the British colonial agricultural
policies. These policies did not take a more
comprehensive view of the agricultural
sector's problems. Their main concern was
exporting raw materials to Britain for their
industries. The second policy covers the
first three decades of "the post-
independence era (1961-1990)." A 10-year
strategy (1962-1971) for social and
economic growth was developed as a
blueprint for the country's development at
independence, in which two significant
challenges within the agricultural sector
were highlighted: (a) low production output
and (b) instability of the export market. The
third phase was “The Period of New
Order/Civil Conflict” (1985-2000). The
government faced significant economic
challenges such as inflation, foreign debt,
rampant unemployment, the fact that the
foreign exchange rate dropped to its lowest,
etc. A 'new order' was declared when the
new government assumed power in 1985.
The fourth phase was " post-conflict
reconstruction (2001-2007)." In January
2002, when the war was officially declared
over, the country was experiencing a
speedy recovery in stabilizing the economy.
All the policies but one program was
directed toward economic recovery,
sustainability, and the country's stability.
Lastly, the fifth phase was "The time of
transition to growth and poverty
alleviation/The Food Security Policy
(2007-date).": the current policy documents
were set to achieve the following
objectives: (a) agricultural intensification
with emphasis on rice production, (b) crop
diversification, (c) natural resource
conservation, and (d) food safety nets
(Kargb (2009). Despite these policy
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frameworks, the sector faces significant
obstacles, which include inadequate rural
financial services, insufficient large-scale
irrigation facilities, weak rural
infrastructure, limited extension services,
considerable  reliance on  rain-fed
agriculture, poor research and statistical
capacity, and low-value addition.

Several models in the literature have been
used for forecasting. ARIMA is one of
those and has been widely used in various
research areas in the agricultural domain for
making predictions: to predict food
production (Dash et al., 2017), to forecast
inflation (Tamuke et al., 2018)", to forecast
self-sufficiency of rice (Akouegnonhou et
al., 2019), to forecast rice production and
area (Arun et al., 20), P Paidipati et al.
(2020), and Rani et al. (2020)”. The study
in hand also used Box-Jenkins' ARIMA to
estimate because of its wide range of
success in estimation and prediction
purposes. Despite the importance of rice to
food self-sufficiency, food security, and
poverty alleviation, to the best of my
knowledge, no study was conducted to
forecast the self-sufficiency of rice
production and provide recommendations
for improvement in Sierra Leone. Owing to
that, this study aimed to predict self-
sufficiency in rice production in Sierra
Leone from 2021 to 2030 and give policy
recommendations for improvement.

2. Methodology

2.1. Methods of Data Collection

The study used time-series data from 1961
to 2020 to predict rice self-sufficiency in
Sierra Leone till 2030. The data was
collected from the official website of the
United States Department of Agriculture —
Production, Supply, and Distribution
“USDA (2021)”.

2.2. Model Specification

The study seeks to examine the relationship
between rice production and rice
consumption. After carefully considering
essential variables, the following models
were specified for the study as:
PRD = ﬂo + B1C + & ......
Where: PRD: Rice Production



C: Rice Consumption
&: Error term with normal
distribution. (Zero mean and constant
variance)
2.2.1. ADF Unit Root Test
AY, =pYe i+ a; X AY &

Where: AY;_; the lagged difference term
and the number of lags were taken so that
the error term becomes serially un-
correlated and &, is the white noise error
term.
2.2.2. Autoregressive Integrated
Moving Average (ARIMA) Model
Autoregressive Integrated Moving Average
ARIMA (p,d,q model was employed
according to “Gujarati et al. (2012,
p.536)”. the model can be specified as
follows:
Yi=8+¢1Ye1 + P2Yeo +oo4 GpYip + & .3)
Where:
d is the intercept, Y1 is the lag value of Yg,
dr-1 is the parameter, and e is the error
Moving Average (M.A.) in this model, the
dependent variable is predicted by current
and past observations.
Yi=p + 0161 + 0262 + -+ 0g€q + €. (4)
Where; p is the intercept, 01 is the error in
predicting the last term, and ¢ is the white
noise. The order of the M.R. process is
called q.
The generalized ARIMA (p, d, q) model is
expressed mathematically as:

AqYi=0 + {¢1Ad Yt + ¢2Ad Y+t (I)pAd
Yip} + {0161+ 0262+ + Oger-g} + €. 5)
Here: Y = Observation at time, Y, =
Observation at time t = p, 6 = Constant
error, ¢1.....0p = MA parameter, e = White
noise error term, Aq = d order differences
“Gujarati et al. (2012, p.536)”. The model
can also be condensed as:

Yi=38+Zi = LpdiYea+ Zj = 10jej + & . (6)
Box-Jenkins  (B. J)  Methodology
(predictive/forecasting model)

Yi=0+ 1 +a)Yieq — g Yoy +
FoYe-(k+1) +Up — 0181 + 018, —
—Gkst_k + Bkst_(k_l) ...... (7)
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Figure 1: The Box-Jenkins Methodology
Source: “Gujarati et al. (2012, p.536)”.
Source: “Gujarati et al. (2012, p.536)”.

The degree of self-sufficiency =
UP/oy X100 . (8)
Where:

UP = Useable production and DU =

domestic use “FAO (2012b); Van Oort et

al. (2015); Demirbas et al. (2017)”.

3. Results and Discussion

3.1. Analysis of Rice Production

3.1.1. ldentification of the model

The result showed that data on production were

stationary at 2™ difference based on the

correlogram. Spikes found lying outside the

standard error bounds (95% confidence

interval) were used to identify and estimate

ARIMA models to get a fitted model for

forecasting after meeting the diagnostic criteria.

The models identified were ARIMA (1, 2, 1; 2,

2,1;3,2,1and 4, 2, 1).

3.1.2. Parametric Estimation of the
Model

Table 1: Different ARIMA Model Estimation Summary for
Rice Production

ARIMA( ARIMA( ARIMA( ARIMA(
1,2,1) 2,2,1) 3,2,1) 4,2.1)

Sig. 0 1 1 2
Coeff.
Sigma? 4587.92  4231.679 4588.108 4428.484
(Volatilit
y)
Adj. R? -0.00 0.00 -0.00 0.03
AIC 11.40 11.39 11.40 11.37
SIC 11.54 11.53 11.54 11.51
F- 0.92 1.07 0.91 1.61
Statistics




Source: Authors’ computation
As presented in Table 1, four models were
identified (ARIMAL:2:1, 2:2:1, 3:2:1, and
4:2:1) from the 2nd differenced
correlogram. However, ARIMA (4, 2, 1)
stood out to be the appropriate model for
forecasting in this study, having the: most
significant coefficient, lowest volatility,
highest adjusted R2, lowest AIC and SIC
values, and highest F-statistics “Gujarati et
al. (2012, p.536)”.
3.1.3. Diagnostic Checking (Validation)
Similarly, validation tests were conducted
using three independent methodologies to
validate that the identified model was
appropriate for forecasting: Residual
Diagnostic Test, Actual and Fitted Residual
Graph  Test, and Covariance and
Invertibility.
3.1.3.1. Residual Diagnostic Test
This test showed that the model was white
noise, the Ljunge-Box Q statistics
Correlogram showed that all the spikes for
ACF and PACF are within the standard
error bounds (95% Confidence interval
line) the p-values are > 0.05. Therefore, we
cannot reject the null hypothesis, which
means that the model residuals are "white
noise."
3.1.3.2. Actual and Fitted Residual
Graph Test
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Figure 2 and 3: Actual and Fitted Residual
Graph of the Selected Model for
Forecasting Production and Consumption,

respectively, from 1961 to 2020. (Source:
Authors’ computation)

Figs 2 and 3 presented the actual and fitted
residual line graph for both production and
consumption. The former was consistent
with model ARIMA 4, 2, 1, while the latter
was consistent with ARIMA 2, 2, 5. As
shown in Fig. 2 and 3, the actual and fitted
residuals showed similar trends in both
cases. Hence a good sign for the models to
be used for forecasting.

3.1.3.3. Covariance and

Invertibility Test

The ARMA process is "covariance" if all the
A.R. roots lie inside the unit circle. Similarly,
the ARMA process is "invertible" if all the
M.A. roots lie inside the unit circle “Gujarati et
al. (2012, p.536)”.
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It is seen from the ARMA structures (Fig 4
and 5) that all the A.R. and M.A. roots are
laid inside the unit circle. Hence, it can be
concluded that the ARMA process was
covariance and invertible, which was also a
good sign for the models to be used for
forecasting. The models were then applied



to predict rice production and consumption
in Sierra Leone from 2021 to 2030, having
satisfied with the diagnostic checking and
validation conditions.
3.2. Forecasting
3.2.1.Forecasted
Production
Before actual forecasting was conducted, a
forecast graph was observed, which
according to “Dash et al. (2017)” and
“Akouegnonhou et al. (2019)”, should be
within £2 standard error as shown in Figure
6a.
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Figure 6 (a and b): Forecast graph of Rice
Production in Sierra Leone

Source: Authors’ Computation

It is evident from the above (Fig. 6b) that
the forecasted rice production clearly
showed an upward trend with some
fluctuation from 2021 to 2023. From 2024
to 2030, the trend showed a steady increase.
This indicated that ceteris paribus, rice
production will continue to increase in
Sierra Leone till 2030. This is in line with
“Oladimeji (2017)” and “Akouegnonhou et
al., (20197, who reported that although
there were increasing trends in rice
production across sub-Saharan African
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countries, virtually none of the countries
could attain self-sufficiency in rice
production shortly. Contrary to that,
“Mwaijande (2018)” reported that Tanzania
could achieve self-sufficiency in 2027.
“Tesfaye et al. (2018)” also noted that
Ethiopia could achieve self-sufficiency in
2050. Based on empirical findings, the
major bottleneck to self-sufficiency in rice
production in the region include; poor
agronomic practices (Tsujimoto et al.,
2019); inadequate extension and training
(Donkoh et al.,2019; Bello et al., 2020),
lack of access to credit and input (Ngugi,
2019; Ojo et al., 2020), over-reliance on
rainfed agriculture (Klutse et al., 2021; Sarr
et al. (2021), weak technology transfer
(Soullier et al., 2020), poor macroeconomic
policies (Arouna et al., 2020; Sers et al.,
2020), policy inconsistency (Oluwatayo et
al. (2019; Ilkebudu et al., 2021), and
political instability (Angelucci et al., 2019;
Osabohien et al., 2020).
3.3. Analysis of Rice Consumption
3.3.1. Identification of the models
The result showed that data on consumption
were stationary at 2nd difference based on
the correlogram. Spikes found lying outside
the standard error bounds (95% confidence
interval) were used to identify and estimate
ARIMA models to get a fitted model for
forecasting after meeting the diagnostic
criteria. The models identified were
ARIMA (1,2,1;1,2,5;2,2,1,and 2, 2, 5).
3.3.2.Parametric Estimation of the
Model

Table 2.: Different ARIMA Model Estimation Summary for
Rice Consumption

ARIM ARIM ARIM ARIM

A, 2, AQ, 2, A@2 2 A@2 2

1 5) 1) 5)
Sig. Coeff. 0 1 0 1
Sigma?(Volat  5169.31 4893.65 5167.91 4891.55
ility) 7 6 2 5
Adj. R? -0.05 0.00 -0.05 0.00
AlC 11.52 11.47 11.52 11.47
SIC 11.66 11.61 11.66 11.61
F-Statistics 0.03 1.06 0.03 1.07

Source: Authors’ computation

From the above summary (Table 2) after
identifying the four models above from the
2nd differenced correlogram, ARIMA (2, 2,



5) stood out to be the appropriate model for
forecasting rice consumption. This is so
because the model proved to be the most
reliable as compared to others by meeting
the model selection criteria i.e., having the:
most  significant  coefficient, lowest
volatility, highest adjusted R2, lowest AIC
and SIC values, and highest F-Statistics.
3.3.3.Forecasting
3.3.3.1. Forecasted
Consumption
The forecast graph for rice consumption Fig
7alies within the £2 standard error, the 95%
confidence interval (C.I), indicating the
forecast is suitable.
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Figure 7 (a and b): Forecast graph of Rice
Consumption in Sierra Leone
Source: Authors’ computation

It was evident from Fig 7b that the
forecasted rice consumption clearly showed
an upward trend against the actual
consumption. This indicates that, with all
other factors remaining equal, rice
consumption will continue to increase
faster than production from 2023 to 2030.
Comparatively, the analysis showed that
rice consumption would rise more quickly
than its production. This signaled that
unless effort is put in place to enhance rice

qL bi4
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production and productivity in the country,
the country will continue to use its proceeds
meant for national building for rice
importation. This finding is consistent with
“Chenoune et al. (2017), Johnny et al.
(2019), and Vangahun et al. ( 2019)”, who
reported that the per capita consumption of
rice in Sierra Leone has been on the
increase in the last two decades. Many
studies have possible reasons for the rise in
the consumption of rice in sub-Saharan
Africa “Chenoune et al. (2017); Nigatu et
al. (2017); Johnny et al. (2019); Smith et al.
(2021)” opined that this rapid increase in
consumption was not unconnected with the
rapid population growth. Similarly,
“Michailof (2016); Mberu et al. (2017);
Beson et al. (2018); Adedoyin et al. (2020)”
pointed out that rapid increase in
consumption in Sub-Saharan Africa was
directly correlated with rapid population
growth in the region. They, however,
suggested that sub-Saharan Africa needs to
control its population to avert population
explosions. On the contrary, “Johnny et al.
(2019); Volz et al. (2020); Smith et al.
(2021)” concluded that rice consumption in
Sierra Leone mainly resulted from the
change in feeding habits due to
urbanization.

Results in Table 3 and Fig 8 showed that
rice production had positive trends
throughout the forecasted period except for
2023. Still, the country could only attain
63.52% self-sufficiency up to 2030 at the
current production level. The result (Table
3) also highlighted that while paddy output
will only increase by 0.93% for the period
under investigation, consumption will
increase by 1.18%, much higher than the
production by about 26%. If continuous,
this mismatch between production and
consumption can obliterate all efforts to
achieve future efficiency.

Average % change in production = 0.93

Average % change in consumption = 1.18

Average Self-Sufficiency rate =63.52

% difference between Production and
consumption = 26



Table 3: Forecasted Percentages Change in Rice Production, Consumption and Self Sufficiency

Forecast % Change in Forecast % Change in Self-
Year Production P[;oducti%n Consumption cgnsumgtion Sufficiency
(1000MT) (1000MT) P (%)
2021 835 1297 64.38
2022 848 1.56 1295 -0.15% 65.48
2023 829 2.24 1321 2.01% 62.76
2024 846 -2.05 1323 0.15% 63.95
2025 857 1.30 1351 2.12% 63.43
2026 868 1.28 1369 1.33% 63.40
2027 873 0.58 1387 1.31% 62.94
2028 885 1.37 1405 1.30% 62.99
2029 896 1.24 1423 1.28% 62.97
2030 907 1.23 1441 1.26% 62.94
1600 mmmm Self-Sufficiency (%) 66.00
1400 Forecast Production (1000MT)
E 1200 Forecast Consumption (1000MT) LY &
8 1000 64.00 2
< 800 S
£ 600 63.00§
S 400 @
S 62.00 ¢
200 —
0 61.00 &

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure 3 Trends in Rice Production, Consumption and Level of Self-Sufficency

Source: Authors’ computation

In addition, Fig 8 showed that the highest
rate of change, 2.24, and self-sufficiency,
65.5 percent, could be achieved in 2022
respectively; in contrast, the lowest rate of
change, -2.05, and self-sufficiency, 62.76
percent, might be observed in 2023 as and
respectively.

4. Conclusion

As per the result, rice self-sufficiency could
not be reached at the current production and
consumption level during the next ten
years. The output of paddy will fluctuate
from 63% to 65% between the period of
2021 and 2024 and will then remain the
same (constant) at around 63% from 2025
to 2030. However, trends of the annual rice
consumption showed an average yearly
increase of 1.18 percent faster than annual
rice production in Sierra Leone. Therefore,
as shown by the research result, Sierra
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Leone will continue importing about 37%
of rice annually to meet its domestic
demand until 2030.

5. Policy Implication and Options
Agricultural policies and initiatives in
Sierra Leone should be developed in light
of current cultural, political, and economic
realities for sustainability. The government
should develop policies relevant to rice
production focusing on increasing yields,
pest management, labor-saving technology,
and growing investment in research and
extension services. There is a need for the
improvement  of  existing irrigation
structures and the development of new
irrigation  facilities.  Investment in
anticipatory research has to be prioritized
by the government to combat climate
change. Technologically advanced
information and communication
technologies (ICTs) can also reach farmers
in remote locations and successfully install



the technology. Establishing private-public
partnerships and organizing farmers into
user groups will improve training, farmer
education, and technology adoption for
intensive commercial rice cultivation.
Access to credit without rigid collateral, as
was successfully done in Bangladesh
through Grameen Bank, could also help
resource-poor farmers increase their
productivity. Improvements in marketing,
processing, and value addition will also
help farmers increase their returns and the
marketability of their output. Above all,
governments should establish proper and
effective communication tactics with paddy
rice farmers, such as radio, television,
telephone, and remote learning and
teaching, for spreading knowledge and
technologies.
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