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Abstract

The objective of this study was to employ classical time series
analytical procedures to determine the seasonal factors and
forecasting model for the monthly prices of garri as early warning
alert and indicator to aide policy decisions. The study employed
secondary time series data of monthly prices of garri collected by the
National Food Reserve Agency (NFRA) of the Federal Ministry of
Agriculture (MOA). It analyzed the sequence plot of the monthly
series, estimated the seasonal indices, smoothened the series and
specified suitable Integrated Autoregressive Moving Average
(ARIMA) model to estimate the parameters of the relationship of the
sample path with time. It applied the forecasting models (Holt Winters
Smoothening Procedure (HWSP) and ARIMA (011)) to forecast a full
seasonal cycle (12 months) ahead of the monthly series of garri prices
and also compared the forecasting efficiencies of the (HWSP) against
that of ARIMA (011) with respect to forecasting the monthly series of
garri prices. Micro-soft Excel and SPSS"” computer soft-wares were
used to manage and analyze the data. Visual analysis of the sequence
plot of the monthly time series indicated that the prices of garri in
Nigeria tend to undulate within a narrow range until there is a shock in
the economy and when the prices have gone up they are reluctant to
return to the original level even when the shock that necessitated the
rise has been removed. It was apparent that the seasonal factors of the
monthly garri prices were uni-modal and HWSP and ARIMA (011)
were able to generate good forecasts of the monthly prices of garri. On
performance characteristics the HWSP model produced a better fit
and forecasting efficiency relative to ARIMA ( 011). It is recommended
that the National Food Reserve Agency of the MOA should release
their garri reserves to the populace in June which is the peak of the
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generated the observations with a view to describing the scasonality
and forecasting the future values of the time series. Secondly, most of
the studies on garri prices were restricted to individual states of the
Federation. Thirdly. the attempt to decompose garri time series data
focused on the cyclical component and utilized annual mean prices of
garri from 1993-2007 instead of employing higher frequency monthly
prices.

This study is geared at bridging the gaps in the literature. Information
about seasonal indices and forecasting of garri prices in Nigeria is of
immense importance to producers, consumers and marketer of garri
and other food commodities. Such information will assist government
in regulating the food reserves, and enable producers, consumers and
distributors of garri make more rational decisions that will in the long-
run ensure a better market performance.
This study employs classical time series analytical procedures on the
monthly price series to determine the seasonal factors and forecasting
model for the monthly prices of garri in the near future as carly
warning alert and indicator to aide policy decisions..It hypothesizes
that the underlying factors that precipitated the realization of the time
series of monthly market prices of garri in Nigeria could be uncovered
to enable the description, explanation and specification of models to
forecast the evolution of the realization for business purposes.
The main objective of this study is to conduct time series analysis of
the monthly prices of garriin Nigeria specifically it will:
1)  Analyze the sequence plot of the monthly market prices for
visual impression of the nature of the time series:

2) Estimate the seasonal (monthly) index of the monthly price
series;

3) Smoothen the series using Winters Smoothening Procedure
(WSP) and generate extrapolated forecast of a full seasonal
cycle (12months) ahead and;

4)  Specify appropriate Integrated Autoregressive Moving
Average (ARIMA) model, estimate the parameters and apply it
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to forecast of a full seasonal cycle (12 months) ahead:;

5) Assess the performance characteristics of WSP and the ARIMA
models by comparing their forecasting efficiencies.

Literature Review

It was apparent from the literature review that the prices of agricultural
commodities in Nigeria are volatile. The volatility has been attributed
to various factors including variances in bargaining power among
consumers, cyclical income fluctuation among sellers and consumers,
seasonality of production, natural shocks such as flood, pests,
discases, and inappropriate response by farmers to price signals
(Gilberts, 1999, Udoh & Sunday, 2007; Adebusuyi, 2004).

A legion of scholars has analyzed monthly market prices of food
commodities in Nigeria. Notable ones include: Adekanye (1988),
Ejiga (1988), Dittoh (1994), Okoh (1999), Okoh and Akintola (1999),
Okoh and Egbon (2005), Akpan and Aya (2009), and Akpan ef al.,
(2014) among others. These studies have mainly been concerned with
the monthly price transmission and market integration of selected
commodities and some of these studies employed methods like
correlation analysis, trend and time series analyses. The results of
some of the studies showed the presence of some form of price
leadership in the market system and that rural and urban foodstuffs
markets were well integrated. Some indicated that producer and export
prices were co-integrated. Sunday Brownson Akpan ef al., (2014)
indicated that there exists short run market integration between the
rural and urban prices of local and foreign rice in Akwa Ibom State.
Akpan, S.B. et al., (2014), concluded that, the price transmission
mechanism between the rural and urban markets for Maize and Beans
in the rural and urban markets of Akwa Ibom State, Nigeria is efficient;
and has high tendency for market integration as well as endogeneity of
both prices.

There was a continuous increase in the international prices of cereals

and pulses from 2006 to 2008. According to Abbott et. al., 2008, FAO
2000b, Mitchell 2008, OECD 2008, Trostle 2008, Von Braun 2007.
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world Bank 2008, the causes from the demand-side included: rising
world demand; increased production of cthanol and bio-fuels;
increased activity in the futures markets; the supply-side factors
included: increased oil/fertilizer prices; Low research and
development (R&D) investments in agriculture; trade barriers
especially export restrictions; droughts and other factors such as
devaluation of the US dollar. 1FPRI (2009), empirically validated
explanations of the increases observed in the international monthly
prices of corn, wheat. rice and soybeans. It identified variables
associated with the factors that led to the increase; and used time series
analysis to quantitatively validate those explanations. They concluded
that there is evidence that financial activity in future markets and
proxies for speculation can help explain the observed change in food
prices.

Ingawa ef al., (2007) decomposed the annual prices of garri into the
classical components and focused on the cyclical component realized
from de-trending the estimates of the annual mean prices of garri from
1993-2007. They found out that a cycle takes on the average about 5
years to complete. They realized that garri price peaked in 1997, 2002,

2005 and was falling by 2006 but made a rising turn in 2007.

Methodology

The data used in this study were secondary time series of monthly
prices of garri collected by the National Food Reserve Agency of the
Federal Ministry of Agriculture (MOA), Nigeria. The market
sampling and interview procedures employed to generate the data
were detailed in the Core Survey Methodology Manual of the ministry.
Data was available on monthly basis from 200610 2013.

Sequence plot of the monthly market prices and other graphs were
plotted using the Excel software. The seasonal and trend components
and smoothening of the de-seasonalized and de-trended series were
carried out using the Holt Winters time series procedure of the
Satistical Package for the Social Science (SPSS") software.
gpSS'was also used to plot the autocorrelation and partial
autocorrelation functions used in the specification of ARIMA model
as well as the validation statistics for the extrapolated forecasts from
the models. The results of the analyses and discussion were presented

aed



International Jowrnal Of Agricultural Economics, Mu;mgvmcm And Development (ijacmd)
in simple prose supported by tables and charts.

This study is limited by some of the defects inherited from the data
source which included the fact that some States in Nigeria may not
have rendered the market prices survey regularly: and the data from
such states may have been excluded in generating the national mean
monthly prices. The data employed in the study was rural market
prices but it did not specify whether it was white or yellow garri.
Analytical Models
(1)  Sequence Plot of the Monthly Market Prices of garri
Firstly, a sequence plot of the realizations from January 2006 to
December 2013 was made and presented in figure 1. In the
sequence plot, the monthly prices in Naira were plotted on the
vertical axis, against time (months) on the horizontal axis. From
eyeball analysis, seasonal spikes were not conspicuous in the
series but garri being an agricultural commodity, production
theory suggests that that time series of the monthly prices
should have seasonal component. It was therefore assumed that
the monthly prices followed the multiplicative time series
model such that it has four components namely: seasonal, trend.,
cyclical and irregular components which may be expressed by
the equation:
Y =S*T*C*] '
Where S = Seasonal factor,
T = Long term secular trend in the series,
C =Cyclical component
[ = Irregular component

(2)  Removal of Seasonal Component

Seasonal component is expected to manifest as regular annual
spikes in the sequence plot of the time series. De-seasonalizing
a series is a process of removing the influence of seasonal
fluctuations from the data. The price index for each month is
computed. Removal of the seasonal component is achieved by
dividing the original series by estimated monthly price index
for the specific months according to this equation:Y, =gre=rc*
Y, .= De-seasonalized Series :
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(3) Removalof Trend Component
De-trending a series is a process of removing the influences of long
term trend from the time series data. De-trending is done by
dividing the de-scasonalized series with fitted linear trend values. If
the trend component is removed from the data the result is the
cyclical-irregular relatives according to the equation: 2=+

Fortunately, the processes of de-seasonalizing and de-trending of a
series are inbuilt in Winters Exporential Smoothening Procedure
(WSP) which was applied in this study. On application of appropriate
steps in the WSP, the seasonal index was automatically generated, the
series smoothened and forecast of the series generated.

(4) Smoothening and forecasting the series using Winters
Exponential Smoothening Procedure (WSP)
[Exponential smoothening converts observed series (y,),', into
a smoothed series  (¥).!, and makes forecast ¥1..v of the
series. It applies 3 steps as follow:

Initializeat: t=1: ¥,=Y,

Update:, Y=»=(l-a)¥=1, t=2,...,T

Forecast; Y 1-nt =§,

The smoothing parameter « is in the unit interval that is, «€[0,1].

(5) Forecasting with ARIMA Model

The ARIMA (p.d.q) process is a combination of autoregressive,
integration and moving average processes. The p denotes the order of
the autoregressive component d is the number of integrations; andqis
the order of the moving average process. The form without integration
is: Y=oy, t..toy, tETQE, t..tQ €

£-WN(0.6)

The residual is a white noise with zero mean and constant finite
variance and non-serially correlated.

p(L)y, =0 (L),

0 (L)g,
L0
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(3) Assessment of the Forecasts
Two fitness and five error assessment measures were used o
evaluate and compare the estimated models.

i) Stationary R-squared (SR’): This comparcs the stationary
part of the model to a simple mean model. It is preferable to
ordinary R’ when there is a trend or seasonal pattern. It can be
negative with a range of negative infinity to |. Negative values
mean that the model under consideration is worse than the
baseline model. Positive values mean that the model under
consideration is better than the baseline model.

i) R-squared (R’): This is an estimate of the proportion of the

. total variation in the series that is explained by the model. This

measure is most useful when the series is stationary. R can be

negative with a range of negative infinity to 1. Negative valucs

mean that the model under consideration is worse than the

baseline model. Positive values mean that the mode!l under
consideration is better than the baseline model.

iii)  Root Mean Square Error (RMSE): This is the square root of
mean square error. It measures how much a dependent scries
varied from its model-predicted level, expressed in the same
units as the dependent series.

iv)  Mean Absolute Percentage Error (MAPE): This is a measurce
of how much a dependent series varied from its model-
predicted level. It is independent of the units used and can
therefore be used to compare series with different units,

v) Mean absolute error (MAE): This measures how much the
series varies from its model-predicted level. MAE is reported in
the original series units.

vi)  Maximum Absolute Percentage Error (MAXAPE): this is

the largest forecasted error, expressed as a percentage. This
measure is useful for imagining a worst-case scenario for your
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forecasts.

vii)  Maximum Absolute Error (MAXAE): This is the largest
forecasted error, expressed in the same units as the dependent
series. Like MAXAPE, it is useful for imagining the worst-case
scenario for forecasts. Maximum absolute error and maximum
absolute percentage error may occur at different series pointsfor
example, when the absolute error for a large series value is
slightly larger than the absolute error for a small series value. In
that case, the maximum absolute error will occur at the larger
series value and the maximum absolute percentage error will
occur at the smaller series value.

Results and Discussion

Sequence Plot Analysis

From the sequence plot of the garri sample path, it was apparent that
there were two kinks in the series. The first kink occurred in May 2009
and the second was in January 2013. These kinks were used to divide
the data into three categories. In the first category, comprising forty
data points (January 2006 to April 2009), the rural market price of
garriundulated between N56 and N85 per kilogram with a mean of N
69, standard deviation of N 7.3 and arange of N 29.

The second category comprised of forty four data points (May 2009 to
December 2012); the price of garri undulated between N79and N116
per kilogram with a mean of N98, standard deviation of N 8.2 and a
range of N 37. The third category was made up of twelve data points
(Jan 2013 to December 2013); the price of garri undulated between
N120and N 150 per kilogram with a mean of N138, standard deviation
of N 7.6 and a range of N 30. The pooled data was made up of 96 data
points (Jan 2006 to December 2013); the price of garri varied between
NS56 and N150 per kilogram with a mean of about N91, standard
deviation of N 23.8 and a range of N 94. The details are in table 1 and
figure 1. From tablel, it was apparent that the groups' means were
different and the groups were individually homogenous with low
group standard deviation and range but when pooled together the
common standard deviation and range become very large. It was
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apparent that there were no pronounced scasonal spikes in the
realizations. The first kink in the series may have been caused by the
world wide escalation of food prices in 2008 while the sccond kink
could be attributable to the national flood that devastated agricultural
production in late months of 2012 and pushed up the market prices of
food nation-wide. These observations suggest that the prices of staples
in Nigeria tend to undulate within a narrow range unless there is a
shock in the economy and when the prices have gone up they are
reluctant to return to the original level even when the shock that
necessitated the rise has been removed.

Table 1: Descriptive Statistics of the Garri Serics

Groups | Observations | Mean | Std. Devialion] Minimum | Maximum | Range |
Jan06_Apr(9 0 69.16 1312 | 36 8§ 29
May09 Decl2 4 906 §.203 | 79 e, 31
Jan Decl3 12| 13840 1642 120 130 30
Jan06 Decl3 9| 9106 B s6I5| 15007] 939

!

Fig.1: Sequence Plot of Monthly Rural Market Prices
of Garri (2006-13)

Prices 1o N s
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Estimation of the Monthly Price Indices of Garri

Eyeball analysis of the sequence plot of the data did not reveal
pronounced scasonal spikes in the garri price realization; however,
since garri is an agricultural commodity, it follows scasonal
production. Production economics theory suggests that the price will
follow seasonal movement. The series of garri prices was therefore
seasonally decomposed using the multiplicative time series model. We
used the seasonal index estimator of the WSP to estimate the seasonal
index of the garri series. The result is displayed in table 2 and figure 2.
[t was apparent that the seasonal factors were uni-modal. It peaked in
June and was lowest in December with a range of only 14 percent. This
narrow range of the index may explain the absence of pronounced
spikes in the visual analysis. That the indices peaked in June was not
surprising because June is one of the lean period months in semi-
subsistence agriculture. In this month most of the crops are still in the
farm not matured for harvesting, consequently, semi-subsistence
farmers experience hunger and food prices go up. In June the rain falls
heavily in the garri producing zones of the country. Going to the farm
to harvest and sun-drying garri will be fraught with problems
compared to December month which is dry and sunny. From these
results it may be concluded that garri producers will maximize their
incomes ifthey sell in June but build their store in December.

Fable 2: Seasonal Indes of Gared Prices in Percentazes

Month Jan teb Mo Apt May  June  July Aug, | Sep  Oxt N Ot
Seasonal b | L MR W2/ | Wee Yoel T oz 0wl wa 2 8
| aetor ()

| ) ¢ 20 Seasonan

Semonyl Indesin ']
Y
]
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Smoothening the Series and Forecasting a Full Seasonal Cycle (12
Months) Ahead
From the application of Holt Winters Smoothening Procedures
(HWSP) to the data the following components of the series were
generated namely: (a) seasonal factors; (b) seasonal adjusted series:
() trend-cycle series: and (d) extrapolated forecast of a full seasonal
cycle (12 months) ahcad. From the parameter estimates of the
explanatory variables (table 3), it was apparent that seasonal effects
were relevant in explaining the changes in garri prices. The statistics
of the extrapolated forecast fora full seasonal cycle (12 months ahead)
arc presented in Table 4 while the plot is in figure 3. The numeric

the statistics and the plot, it was apparent that Holt Winters
Smoothening Procedures (HWSP) was able to generate a good
forecast of the garri prices.

Table 3: Exponential Smoothing Mode! Parameters
Model Alpha (Level) Gamma (Trend) Delta {Season)
Estimate 632 000 388
SE 088 036 72
{ 1223 o1 2252
S 000 991 027

fo 40 Firness Matistics tor the l.ﬂ|‘upu!fl_lydilcgl\;qi\l‘ﬂ. A Enll Scasonal ¢ Mele

2 Mo L3 sMupg WS
T

Sy 18y ] | LRI ey MAam LE e TN A LS Y
SLtistic s ” e , k

L R3] Wiy un 10 104

sonnl vyele L2 mnnthing t Mg
PREDICTED VALUFS
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el WL
' e ' e M.‘.-‘
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Specification of ARIMA Model and Forecasting of a Full Seasonal
Cycle (12 Months) Ahead

A plot ol autocorrelation function of the level values of the realization
of garri prices revealed a gentle one sided decay pattern. Since the
autocorrelation function did not fall off quickly as the displacement
increased. one suspected a non stationary process.  This is not
unexpected because as prices usually creep up over time one would not
expect the level values of the realization of garri prices to be
stationary. Based on this observation, we assumed that the realization
was a homogencous process and differenced it once. On first
difference, the resultant autocorrelation fell off quickly after the first
displacement suggesting first order moving average process because
the memory was limited to the first displacement. (From Box-Ljung
Statistic, only the first displacement (lag) was significant). The partial
autocorrelation function was a geometrically damped, oscillating and
sinusoidal function with non persistent amplitudes. These facts
informed the specification of ARIMA (0 1 1) process. The values of the
plotted autocorrelation and partial autocorrelation functions are
presented intable 5.

Table 5: Autocorrclation (ACF) and Partial Autocorrelation
(PACF) Functions for Level and First Difference of the Garri
Series

b Level First Difference B
Lag ACKE PACK ACF PACF =
| 922 922 -.263 -.263
2 K873 150 077 008
3 RO8 =098 =021 001
K 756 021 - 148 - 166
s J10 047 134 061
8 647 - 142 - 121 065
7 590 =041 -.005 073
8 537 034 =007 140
9 497 051 152 136
10 442 =124 -.004 039
1 AR 018 004 -.007
12 340 085 =020 -.049
13 320 185 =018 026
14 299 044 014 -.028
15 277 -043 033 044
16 252 -.047 016 044
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Specification of Appropriate Integrated Autoregressive Moving
Average (ARIMA) Model, Estimation of the Parameters and
Application to Forecasta Full Seasonal Cycle (12 Months) Ahead
Various patterns of ARIMA were tried including ARIMA (111),
ARIMA (112), ARIMA (101), ARIMA (201), ARIMA (211) and
ARIMA (011) and the t-statistics of the parameter estimates were used
to select which specification to adopt. It was evident the parameters of
ARIMA (011) were more significant relative to those of other
specifications, consequently ARIMA (011) was selected as the best fit
model for forecasting monthly garri price series 2006-13. The
parameter estimates for the ARIMA (011) are presented in table 6.
From the parameter estimates of the explanatory variables in table 6, it
was apparent that one period lag of shocks was relevant in explaining
the changes in garri prices. The forecast statistics and the plot of
predicted values for the extrapolated forccast of a full scasonal cycle
(12 months) for the ARIMA (011) model are presented in table 7 and
figurc 4.

Table 6: ARIMA (011) Model Parameters
Constant Lag1
Estimate 126 250
Standard Eror 381 101
{-statistic 1.248 J 2489
|_Significance level. 215 015
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lable 7 Fitness Statistics for the Exteapolated Forecast of a Full Seasonal Cyvele (12
Manths) Using ARINEA(O11)
t Soatst Sy R R HMSE  MAPE  ManAPE  MAE MaxAE
\Mem 10 ons noonl 7829 SIMY A 37660 )86

Ligure 42 Plot ol Extrapolated Forecast of a Full Seasonal Cyvele (12 Months)

ARIMA (011) PREDICTION

t of the Performance Characteristics of HWSP and the ARIMA
(011) Models by Comparing their Fitness Statistics and
Forecasting Efficiencies

Fitness Statistics

In order to estimate the proportion of the total variation in the series
that were explained by the models, we computed the R-squared (R%)
and the Stationary R-squared (SR”). These are presented in tables 4 and
7 for HWSP and ARIMA (011) respectively. SR” is preferable to R’
when there is a trend or seasonal pattern. These characteristics were
not pronounced in the garri series. From table 4, HWSP had SR’ and R’
010.421 and 0.903 respectively. From table 7, ARIMA (011) had SR’
and R” of 0.065 and 0.901 respectively. From the two statistics it was
evident that the HWSP model was able to estimate a greater proportion
of the total variation in the series that were explained. Based on these
statistics, HWSP model might be a better model for estimating the
proportion of the total variation in the garri series.
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Errors of Forecasts
The goodness of a prediction model is judged by the magnitude of
prediction errors: how far away the predicted values are from the
actual values. Selective preference is given to models with smaller
predictive errors. There are several statistics that may be used to
measure predictive errors. This study utilized five measures of
forecasting errors to assess the efficiencies of HWSP and the
ARIMA (011) models in forecasting garri prices in Nigeria. These
measures included:
i) Root Mean Square Error (RMSE) which measures how much
a dependent series varied from its model-predicted level,
expressed in the same units as the dependent series.

i) Mecan Absolute Percentage Error (MAPE) which measures how
much a dependent series varied from its model-predicted level,
butit is independent of the units of measure and can therefore be
used to compare series with different units.

iii)  Mean absolute error (MAE) which measures how much the
series varies from its model-predicted level but it is reported in
the original series units.

iv)  Maximum Absolute Percentage Error (MAXAPE): this is the
largest forecasted error, expressed as a percentage. This
measure is useful for imagining a worst-case scenario for
forecasts.

v) Maximum Absolute Error (MAXAE) which is the largest
forecasted error, expressed in the same units as the dependent
series.

The estimates of these errors for HWSP and the ARIMA (011) models
are presented in table 8. From table 8, it was apparent that estimated
mean values of RMSE, MAPE, MaxAPE, MAE and MaxAFE for
HWSP have lower values than those estimated for ARIMA (011). This
evidence suggests that HWSP is better than ARIMA (011) model in
forecasting garri prices in Nigeria.
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Table 8: Forecast Errors of HWSPand the ARIMA (011) Models

Forecast Errors HWSP ARIMA (011)

RMSE 7.488 1.529
MAPE 4993 5.043
MaxAPE 30.012 30.644
MAE 4.683 4.766
MaxAE 32.069 41.862

Figure 5: Plot of the Garri Realization and the Extrapolated
Forecasts of A Full Seasonal Cycle (12 Months) Using the HWSP
and ARIMA (011) Models

Conclusions and Recommendations

There were two kinks in the series: the first kink may have been caused
by the world wide escalation of food prices in 2008 while the second
kink may be attributed to the national flood that devastated agricultural
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production in late months of 2012 and pushed up the markct prices of
food nation-wide. These suggest that the prices of staples in Nigeria
tend to undulate within a narrow range unless there is a shock in the
cconomy and when the prices have gone up they are reluctant to return
to the original level even when the shock that necessitated the rise has
been removed. The seasonal factors of the series were uni-modal. Tt
peaked in June and was lowest in December with a range ofonly 14
percent. This narrow range of the indices may explain the absence of
pronounced spikes in the eyeball analysis. That the index peaked in
June is not surprising because June is one of the lean period months in
semi-subsistence agriculture. It may be concluded that garri producers
will maximize their incomes if they sell in June but build up their store
in December.

Holt Winters Smoothing Procedures and Integrated Autoregressive
Moving Average (011) were relevant in explaining the changes in
monthly garri prices in Nigeria. Based on fitness statistics, the HWSP
model might be a better model for estimating the proportion of the total
variation in the garri series. Evaluation of the forecast errors indicated
that the HWSP forecasts had lower forecast errors relative to ARIMA
(011). This evidence suggested that HWSP was better than ARIMA
(011) model in forecasting garri prices in Nigeria.

There is need to put policies in place to cushion and compensate the
loss in income of consumers when shocks push up garri prices,
because the prices are not likely to come down. Stocks of garri reserve
should be released in the month of June and built up in the month of
December. Profit seeking farmers may be advised to sell their garri in
June and build their stock (if they have good storage facilitics) in
December. Holt Winters Smoothing Procedures should be given
preference relative to ARIMA (011) in explaining the changes in the
series of garri prices and in forecasting the monthly time path ol garri
price realization.
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