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Abstract — In this paper, monthly retail prices of imported Thailand rice in Pla-
teau State are analyzed and a model is proposed. Data were collected from major
warehouses of businessmen in Plateau State capital and based on the observed pat-
tern in the raw data, time series analysis was employed. Particularly, Seasonal Auto-
regressive Integrated Moving Average (SARIMA) method is used on the data which
covered a period of 156 months (January 2007- December 2019). Results from
SARIMA (1, 1, 0)(0,1,1) show Ljung —Box Q statistics value of 30.843 with p value of
0.104 and R-squared value of 0.997 at 95% confidence bound which are all indica-
tive of adequate fitted model for forecast. Hence the developed model from SARIMA
(1, 1, 0)(0,1,1) can be used to predict monthly retail prices of Thailand rice in Pla-
teau State Nigeria to aid government policy and enable adequate planning for future
changes in retail price of rice.
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1 Introduction

Rice (Oryza sativa) is a cash crop which is commonly found as a staple food in many
households in Plateau State Nigeria. Studies have shown that many rice consumers in
Nigeria eat more foreign rice than the domestic rice [1]. One of the reasons being that
farmers who are mainly involved in domestic rice production could not meet up with
consumption rate due to small-scale farming, terrorist attacks, farmer-herder clashes,
consequently increase in prices of foreign food commodity is inevitable [2]. Another
reason despite government intervention is presence of small stone particles in some of
the domestic rice available due to crude method of processing as only a few number of
standard rice processing plants are fully functional. Rice - among other staple foods -
take about 6 percent of household expenses in Nigeria [3].

Over the years, people of Plateau State have depended heavily on foreign rice imported
from different countries of the world. There are different varieties of rice in Nigeria but
rice imported from Thailand is one of the highly desired varieties by the residents of Pla-
teau State. While there are different reasons for consumers’ preferences for certain varie-
ties of rice [4], preference of Plateau State residents for Thailand rice could be due to
increasing awareness of consumers about quality of rice in West African countries [5].

Many Plateau State residents prefer buying their rice from open markets and from
small retail shop outlets than from supermarkets and other formal superstores mainly
due to lower prices of the food commodity which supports the findings of Basorun [6].
While some studies exist on heavy and trace elements in some brands of rice consumed
outside of Plateau State in Nigeria [7], other studies consider trend, regulation, process-
ing and safety of food [8, 9, 10, 11, 12, 13]. The choice of SARIMA is due to its ability
to predict accurately with few numbers of available parameters [14]. It uses lag and
shift of historical seasonal data to forecast future outline.

From the foregoing and researches in literature, there has not been a research to model
retail price of Thailand rice in Plateau State Nigeria. In this study, our aim is to create a
model for retail price forecast of Thailand rice in Plateau State Nigeria to aid government
policy and enable adequate planning for future changes in price. The remaining part of
this paper is arranged as follows: section 2 centres on the materials and methods which
include the study area, data analysis and model specification. In sections 3 and 4, results
and discussion are presented and finally conclusion comes up in section 5.

2 Materials and Methods

2.1  Study Area

The study area for this research is Yan Kwalli market situated in the area of Terminus
market in Jos North Local Government Area of Plateau State, Nigeria. It is one of the
major markets in Plateau State where all kinds of foreign rice brands are sold. Data for
this study were collected from different warehouses and retail prices of Thailand rice
were extracted from the records of businessmen in the market (2007-2019). Some of the
dealers in the sales of foreign rice did not keep records of their past sales. It should be
noted that average retail prices of daily and monthly data are used for this study due to
variations in retail prices of foreign rice.
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2.2  Data Analysis

The data for this study is analyzed using Seasonal Auto-Regression Integrated Moving
Average (SARIMA) method of Time Series analysis with aid of Statistical Package for
Social Sciences (SPSS). The MAPLE software package is also employed to simplify the
series equation.

2.3 Specification of the Model
The model for this study is multiplicative seasonal model defined by

SARIMA(p,d,q)(P,D, Q) (D

where p and P are the number of auto-regressive component of retail price of Thailand
rice for both non seasonal and seasonal components respectively. While the parameters d
and D are the number of times of differencing the retail prices of Thailand rice for non
seasonal and seasonal components respectively, g and Q represent the number of moving
average components of the retail price of Thailand rice for non seasonal and seasonal
components with s representing the length of the seasonal period. Hence the generalized
form of (1) for a series Y; is given as [15, 16]:

0, (B)®p(B*)A LY, = 6,(B)0o(B°) & (2)

where ¢, is white noise, residual or disturbance, B is a backshift operator, A= (1 — B)¢
and A*= (1 — B)< are nonseasonal and seasonal differencing operators and

Q)p(B)= 1—@13— @232—"'—®po (3)
®p(B) =1—PB5 — ®,B? — ... — d,BP (4)
6,(B)=1-6,B— 6,B>—---—0,B1 (5)
09(B¥) =1—6,B5 — 6,B% — -.-— 0,B? (6)

3 Results

The results from the analysis of the retail price of Thailand rice in Plateau State cover-
ing a period of 156 months from January 2007 to December 2019 are shown in tables
and figures below:
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Figure 1: Residual Auto-correlation Function (ACF) and Partial ACF for retail price of
Thailand rice (2007-2019) for SARIMA (1, 1, 0) (0, 1, 1) at 48 lags.
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Figure 2: Residual Auto-correlation Function (ACF) and Partial ACF for retail price of
Thailand rice (2007-2019) for SARIMA (1, 0, 0) (0, 1, 0) at 48 lags.

Table 1: Fit Statistics of the SARIMA (1, 1, 0) (0, 1, 1) Model of Time Series Analysis.

a.

land rice (N)

Model Stationary R Root Mean Square Normalized
R-squared| Squared Error BIC
Retail price of Thai- 0.736 0.997 295.205 11.688

Best-Fitting model according to R-Squared.
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Table 2: Fit Statistics of the SARIMA (1, 0, 0) (0, 1, 0) Model of Time Series Analysis.

Model Stationary R Root Mean Square Normalized
R-squared | Squared Error BIC
Retail price of Thai- 0.965 0.995 404.153 12.314
land rice (N)

b. Best-Fitting model according to R-Squared.

Table 3: Ljung-Box parameters of the SARIMA (1, 1, 0) (0, 1, 1) Model of Time Series

Analysis.
Model Ljung-Box statistics df Sig.
Retail price of Thailand rice (N) 30.843 16 0.104

Table 4: Ljung-Box parameters of the SARIMA (1, 0, 0) (0, 1, 0) Model of Time Series

Analysis.
Model Ljung-Box statistics df Sig.
Retail price of Thailand rice (N) 57.165 17 0.00

Table 5: Coefficients of SARIMA (1, 1, 0) (0, 1, 1) model for the governing equation
for the retail price (in Nigerian Naira N) of Thailand rice.

SARIMA(1L, 1, 0)(0, 1, 1) Coefficients SE t Sig.
AR lag1l 0.167 0.081 2.055 0.042
Seasonal MA lag 1 0.918 0.126 7.281 0.000

Table 6: Comparison of average original retail price (in Nigerian Naira N) with model
“fit” price within the period of coverage for the last two consecutive years.

Original Retail Price SARIMA(1,1,0)(0,1,1)
Model Fit Price
Month 2018 2019 2018 2019

Jan
Feb 18650.00 23000.00 18647.93 23181.17
Mar 18920.00 22500.00 18542.62 22924.81
Apr 19610.00 23300.00 19466.99 22933.93
May 19700.00 23600.00 19873.80 23563.54
Jun 20590.00 23550.00 19779.84 23801.54
Jul 20680.00 23550.00 20919.74 23697.40
Aug 20685.00 23200.00 20950.38 23776.98
Sep 21650.00 23320.00 21445.67 23261.17
Oct 21690.00 23700.00 21611.32 23921.45
Nov 21980.00 24400.00 22223.95 24154.14
Dec 22200.00 24600.00 22388.91 24857.05

23100.00 24800.00 22632.01 25078.81
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Table 7: Forecast (2020 - 2024) of retail price (in Nigerian Naira N) of Thailand Rice
using the governing equation (15) for SARIMA (1, 1,0) (0, 1, 1) .

Month Year
2020 2021 2022 2023 2024
Jan
Feb 24745.43 28052.98 31369.99 34687.00 38004.01
Mar 24634.23 27949.67 31266.67 34583.68 37900.69
Apr 25170.52 28487.26 31804.27 35121.28 38438.29
May 25393.84 28710.80 32027.81 35344.82 38661.83
Jun 25556.80 28873.80 32190.81 35507.82 38824.82
Jul 25724.58 29041.59 32358.60 35675.60 38992.61
Aug 25920.36 29237.37 32554.38 35871.38 39188.39
Sep 26078.54 29395.55 32712.56 36029.56 39346.57
Oct 26663.65 29980.66 33297.66 36614.67 39931.68
Nov 27177.19 30494.20 33811.21 37128.22 40445.23
Dec 27576.80 30893.81 34210.82 37527.83 40844.84
28060.30 31377.31 34694.31 38011.32 41328.33

4 Discussion

Two SARIMA methods of time series analysis are considered. They include SARIMA
(1,1,0) (0,1, 1) and SARIMA (1, 0, 0) (0, 1, 0). From the preliminary investigation of
the raw data, measure of central tendency show a shift in the mean over time in upward
manner. In order to make the non stationary mean steady, differencing of the retail price
of Thailand rice was done to remove both the local trend component and seasonal trend
component. The model considered that each retail price depends on one previous retail
price for nonseasonal component and one random shock for seasonal component. Hence
equation (1) for parametersp=1,d=1,q=0,P=0,D =1, Q =1 becomes SARIMA (1,
1,0) (0, 1, 1) at 95% confidence bounds. The residual Auto-Correlation Functions (ACF)
and residual Partial Autocorrelation Function (PACF) for SARIMA (1, 1, 0) (0, 1, 1) at
95% confidence bounds are shown in Figure 1. However, for the alternative SARIMA
method of time series analysis, the non stationary mean was made steady by differencing
of the retail price of Thailand rice to remove seasonal trend component only without ran-
dom shock for seasonal component and with consideration of the dependence of each
retail price on one previous retail price for nonseasonal component. Hence equation (1)
for parametersp=1,d=0,qg=0,P=0,D =1, Q =0 becomes SARIMA (1, 0, 0) (0, 1,
0) at 95% confidence bounds. The residual Auto-Correlation Functions (ACF) and resid-
ual Partial Autocorrelation Function (PACF) for SARIMA (1, 0, 0) (0, 1, 0) at 95% con-
fidence bounds are shown in Figure 2.

From Tables 1 and 2, the R-squared values are 0.997 and 0.995 for SARIMA (1, 1, 0) (O,
1, 1) and SARIMA (1, 0, 0) (0, 1, 0) respectively which indicate good fitted models such
that the models predict the observed values well. Table 3 shows the Ljung-Box Q values
of 30.843 with significance p” = 0.104 which indicate that error not explained is merely a
random error and that the residuals of the model does not have significant autocorrelation
left as shown in Figure 1. Hence we fail to reject null hypothesis which states that there
is no significant auto correlation left in the residual of the associated model. On the other
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hand, Table 4 shows the Ljung-Box Q values of 57.165 with significance p* = 0.00 which
indicate that error not explained is a significant random error and that the residuals of the
model have significant autocorrelation left as shown in Figure 2. Hence we fail to reject
alternate hypothesis which states that there is significant auto correlation left in the re-
sidual of the associated model. Furthermore, SARIMA (1, 1, 0) (0, 1, 1) has lower Root
Mean Square Error (295.205) compared to SARIMA (1, 0, 0) (0, 1, 0) with RMSE
(404.153) as indicated in Tables 1 and 2 respectively. From the foregoing, the SARIMA
(1, 1,0) (0, 1, 1) model is preferable to SARIMA (1, 0, 0) (0, 1, 0) model, hence the fo-
cus is shifted to SARIMA (1, 1, 0) (0, 1, 1) in the rest of this analysis.

From Table 5, the results show coefficients of SARIMA (1, 1, 0) (0, 1, 1) model for the
governing equation of Thailand rice which indicate that the coefficients are statistically
significant and should be retained in the model series equation. Using Table 5 with
SARIMA (1, 1, 0) (O, 1, 1), the equations (2)-(6) give the following:

01 (B)Do(B*)AAY, = 6,(B)6,(B°) & (7)
9, (B)®o(B*)(1 - B)' (1 — B*)'Y, = 6,(B)6:1(B*) & (8)

From equations (4) and (5), ®,(B°) =1 and 6,(B) = 1 hence (8) gives
@,(B)(1— B)' (1 - B*)'Y, = 6,(B*) & 9)
Application of (3) and (6) on (9) with the aid of Maple software give
(1-0:BH(1-B)A - B)Y, = (1+6,B%) & (10)
which on expansion becomes

[(1—@,B)(1—BS—B +BBS)]Y, = (1+ 0,B%) & (11)
[1—BS—B+BB*—®,B +@®,BBS +®,BB — 0,BBBS)]Y, = (1+ 0,B%) &,  (12)

Expansion of (12) gives

Yo=Y s =Yg+ Vi si1- 01V +01Y g1 01 Yy — DY o (13)
=& + 016

From Table 5, @; = 0.167 and ®; = 0.918

V,-Y Y 1+ Y 41-0167Y,_4+0167Y, .4 +0.167 V,_, —0.167 Y, _;4p = (14)
& +0.918 ¢

With the length of the seasonal period s = 12 and on further simplification, Eq. (14)
gives

Y, =1.167Y,_; —0.167 Y, +Y,_1, — 1.167 Y,_13 + 0.167 Y, 14 + & + 0918 &,_1,  (15)
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where Y, is the retail price of Thailand rice at the current time and Y,_; (i =1,2,...) are
values of previous retail prices at previous monthly times. The &, and &,_; represent ran-
dom shocks at current times and previous times respectively. Hence equation (15) is the
model equation representing the evolution of retail price of Thailand rice in Plateau
State. Figure 3 shows the comparison of the fitted model of retail prices of Thailand rice
in Plateau State with the actual raw data. Moreover, values for two consecutive years
2018 and 2019 only are displayed in Table 6 to show similarity of fitted model with the
actual raw data. It can be seen that the fitted model closely look like the raw data over
the number of years covered from January (2007) to December (2019), this is an indica-
tion of appropriateness of the model to explain the changes in time series analysis of the
retail price of the Thailand rice in Plateau State Nigeria. In Figure 4 and Table 7, five-
year forecast of the retail price of the Thailand rice in Plateau State is predicted. A rise in
trend of the retail prices is observed over the period of forecast January (2020) - Decem-
ber (2024).

5 Conclusion

A SARIMA model was developed to examine the trend in retail prices of Thailand rice in
Plateau State, Nigeria. Data which covered a period of 156 months were collected from
warehouses of major rice dealers in Yan kwalli market - one of the main markets special-
ized in sales of domestic and foreign rice - in Terminus area of Jos, the Plateau state
capital. After the analysis using SARIMA (1, 1, 0) (0, 1, 1), we derived a model equation
which is capable of predicting future changes in retail prices of Thailand rice in Plateau
State, Nigeria when existing factors have not significantly changed.
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