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ABSTRACT

Time series is a set of observations measured at a successive interval of time. It involves

the projection of future values of a variable based entirely on the past and present

observations of that variable. The first step in time series analyses is the time plot. Time

series models such as, the linear trend analysis, exponential trend analysis, parabolic

trend analysis; Yule Walker ami Holt -Winters forecasting models were reviewed,

The comparative study of these models was made. The principle of parsimony is

used to get the best fit out of the linear, exponential and parabolic trends. Model

identification is applied to the Autoregressive Process of order p, Moving Average

Process of order q and the Autoregressive Moving Average Process of order p and q.

Functions used for the model identification are autocorrelation and partial

autocorrelation.

The mathematical model of the time series analyses is presented. A Knowledge

Based Server far the Time Series Analyses of Agricultural Products is designed and

implemented. J\ case study of rice production in Nigeria from1966 to 1996 is carried out

aJ1L'projection made to the year 2006. The result obtained from the case study proved to

be meaningful in practice.
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CHAPTER ONE

OVERVIEW OF RESEARCH

1.1 Introduction

Agricultural research in Nigeria is assumed to be as old as the country itself. It started

fro III the planting oI" gardens near the courtyard and the establishment of Botanical gardens

to commencement of a research station at Moor Plantation lbadan in 1893. The

Departments of Agriculture for the Northern part and Southern part of Nigeria came into

existence in 1912 and the two were amalgamated in 1914 with internal self-government

in 1953. Regional Departments of Agriculture were established for Western, Northern and

Eastern region and the three departments held annually conferences to discuss agricultural

research and extension problems. Agricultural growth trends were usually analysed and

forecasted in the conference.

There are lots of studies currently going on in the field of agriculture to better the

future yields. Examples arc adoption studies on improved technology in cereals like

maize, sorghum, millet and rice; legumes such as groundnut, cowpea and soya beans; and

horticulture such as mango, pawpaw, grapevine, banana, plantain and sugar cane.

Adoption studies are socia] psychological decision making that an individual goes through

in accepting a new practice (Atala T.K., 1992). Some of the studies are carried out through

sample plots, questionnaires and interviews, others by studying their production, price and

cost trend over a long period in which time series plays an important role. Time series(XI)

is the collection of observations made sequentially in time. The series must be long

enough to enable vital statistical inferences to be drawn.
-:) ~;

Time series analyses are applicable to vital fields of life, especially those that



measure current economic activities as represented by statistics of price, production,

transportation, banking and agriculture. The components of time series are:

a. The course or the trend the series will take in the absence of disturbing factors.

b. The cyclical fluctuations or waves like disturbances corresponding, for example,

to movement of the trade cycle or the stock market.

c. Seasonal variation associated with the harvest, the weather, Christmas, other

festivals and possibly with the varying length of the month.

d. Catastrophic movement caused by unusual or unexpected movement, for example,

the Maitatsine's crisis of 1981 in Kano, the Kafanchan - Zaria religious crisis of

1987 and the Zangon-Kataf ethno-religious conflict of 1992 in Kaduna State.

c. Residual variations. which include all movements not already mentioned in (a) to

(d) above.

1.2 Motivation for Research

Time series analyses is used to forecast future events. It is applicable to many

important fields of Ii fc especially those that measure curtent economic activities as

represented by statistics of price, production, transportation and agriculture.

Time series is a vital tool to agricultural research desirable for accessing the trend

of production, price and cost of agricultural products in other to forecast the future yields.

There has been problem of inadequate food supply in the developing countries including
~ \~

Nigeria. Thus, there is the special need to study the past production trend in other to get

a better projection into future yields.

Time series analyses is time demanding and involves complex calculations, more

so, there are few experts in the field. Most of the time series work are done manually.In

2



some cases where computer is used, it is used partially. There is the need to device a

simple and easier way of getting time series problem solved.

The statistical packages around have not addressed the problem of time series

analyses. Most ofthe statistical packages around such as the Statistical Packages for Social

Scientists (SPSS) version 4.0 and System Analytical Statistics (SAS) version 6.04 do not

made provision for time series analyses. There is the need to develop a software for time

series analyses of agricultural products.

The locus of the Federal Government of Nigeria for some times now has been in

agriculture starting from the Operation Feed the Nation (OFN) of1977 to the Green

Revolution of the 1980s. The federal government of the past and present regimes got a lot

of support from the World Bank to develop the agricultural sector. Some of these projects

are the Agricultural Development Projects (ADPs) and the different projects channelled

through the various agricultural research institutes in the country.

Research work in the field of agriculture requires efficiency, accuracy and speed

which can best he provided through computcrization. With the knowledge Based server,

timely and up - to - date research analyses will be easily generated for the World Bank

assisted projects, local and international journal pf~1entation.

1.3 Objectives of Research

The objectives of the study are:

a. To develop an intelligent, menu-driven and user friendly interactive system which

will assist agricultural researchers in carrying out their statutory responsibilities

with a view to enhancing theirperformance. Since most of the researchers are not



~ to

computer literate, the menu-driven and user friendly system can easily be used by

them to achieve their desired goals.

b. To provide quick, accurate and efficient time series data analyses tool.

c. To assist in feeding the nation (Nigeria) by means of better agricultural production

forecast through the analysed data. The result of the analysed data, if well

disseminated through the agricultural extension agents to the farmers will increase

yields, thereby making more food available in the market.

d. To produce a knowledge based server for time series analysis of agricultural

products with a view to enhancing effective and efficient agricultural research.

1.4 Research Methodology

The stages of the research methodology are:

a. Study of some existing popular time series models, particularly those applied in the

National Agricultural Extension and Research Liaison Services, and the Institute

for Agricultural Research, Ahmadu Bello University, Zaria will be carriedout.

b. Survey, collection, verification and validation of the data that can be used for the

analyses of the time series models will be carried out.

c. A Literature review of existing and p~pular knowledge based server will be carried

out.

d. Evolve a Time Series Model for agricultural products and simulation ofthe model

with sample data ..

4



1.5 Organisation of the Thesis

The literature review of time series analyses is presented in Chapter two. Time series for

SOFA known as Food and Agriculture Organisation Statistical Time Series (FAOSTAT

TS) is reviewed in chapter three.In chapter four, the modelling of a Time Series

Analyses for Agricultural Products is carried out. Chapter five presents the simulation of

the Time Series model and Chapter six gives the conclusion and recommendation.

5



CIiAPTl!:lt TWO

REVIEW OF TIME SERIES ANALYSES

2.1 Time Series

Time series is a set of observations measured at successive period of time (Anderson D.R. et

al , 1(81). We denote a time series by {XI} where XI is the observed value at time 't'. Time

series {XJ consists of numerical data record cd at intervals of time and are usually serially

correlated. The interest is011 the nature and degree of dependence (serial correlation) between

consecutive observations. for example, the annual production of maize in Nigeria over a

number of years forms a t,ime series on the variable 'maize'. The hourly temperature or the

monthly rainfalls taken in strategic places in the country over a number of days or months are

examples of time series. Mathematically, a time series is defined by the values Y), Y2"" of

variable Y at time t) t2 ... Thus Y is a function oft, symbolized by Y=f(t).

2.2 Stochastic Process

A stochastic process {X(t)} is a family of random variables indexed by the symbol'e where

't ' belongs to an index set 'T'. The corresponding probablistic model, usually called a discrete

stochastic process, is a family of (real valued) random variables{X} where t varies over the

integers, that is, t= 0, ± L±2,±3,.... X, is also referred to as discrete parameter process.

Seasonal crop yields, monthly sales of commodities, daily rainfall in a town andso on are

examples of stochastic processes.

If ast s b, then X(t) is referred to as a continuous parameter process. One can convert

from a continuous parameter stochastic process to a discrete parameter stochastic process.

6



2.3 Time plot

A plot of observation {X} against time 't' is called time plot. It is usually the first step in a

lime series analyses and the purpose is to identify some particular characteristics inherent in

the ti me series data.

2.4. Classification of Time Series Movements.

Time series are classified into four main types which are referred to as components or

variations or time series ILIlI1S Cl.P, I <)X51. These components are:

a. Trend or secular movement

b. Cyclical movement

c. Seasonal movements

d. Irregular or random movements.

The Trend or Secular Movement is the effect of the observation measured at successive

points in time over a long period. In secular movement the value ofthe variable tends to increase

or decrease over a long period of time. Thus a time series data contains a trend if its mean

changes xystcmatically with lime. The systematic changes may he linear, quadratic or exponential

function of time. The steady increase in the cost of living recorded by the increase in the cost

of farming input in recent years is an example of secular movement. We denote the amount of

trend in a time series at time 't' by Tt.

The Cyclical Movement refers to the long time oscillation about a trend or curve. The

cycles or trends mayor may not be periodic, that is, they mayor may not follow exactly similar

patterns after a long period of time. Since the periods are irregular, cyclical variations are

di fficult to isolate from the trend, so it is classified along with the trend. The value of a cyclical

variation at time '1' is denoted by Ct. For example, in agricultural production, there are some

years when there is bumper harvest while at some years there may be lean harvest. The time

between the bumper harvest and the lean harvest is at least one year and it can be as many as five

7



or SIX years. In business and economic activities, the trends are considered cyclical only ifthey

recur alter a time interval of more than a year. The business cycle represents intervals of

prosperity, recession and recovery [Lerin J.R., 1990].

The Seasonal Movement involves an identical pattern of changes within a year that tends

to be repeated Irorn year to year. Such changes are due to recurring events which take place

annually. Seasonal variation at time't' is denoted by S,.. In Nigeria, there are some periods of

the year when some agricultural products such p,s:;.maize, beans, rice and so on are very cheap
-c !'

while at the other part of the year they are costly.

The Irregular Movement is also called random, residual or accidental movement oftime

series. The variation cannot be foreseen, hence cannot be isolated directly. Irregular variation

j" tile sporadic notion of the lime series due to chance events such as flood, draught, strikes in

agricultural farms, pests, even political and religious crisis. It is obtained by deducting other
/.

variations from the time seriesX, Irregular variation at time 't' is denotedby L ,

2.5 Objectives and Uses of Time Series Analysis

Patrick Henry in his S eech at the Virginia convention, Richmond, March 23, 1775 said,I have

one lamp by which myfeet are guided, that is the lamp a/experience.j know no way a/judging

tlicfut ure but by the past. Thus, the basic assumption underlying time series activities are that

thuse patterns which have influenced patterns of economic activities in the past and in the present

"vi II continue to do so in more or less the same manner in the future. Hence the major goal of

ti me series analyses is to identify and isolate these influencing factors for predictive (forecasting)

purposes as well as for marginal planning and control [BerensonM.L et al, 1986]. Time series

is used for the extrapolation. interpolation and control activities of the series analyses.

Mathematically. the basic idea of time series is that if given a set of observations(XI X2 X3, ••.

X), then value of the observation at time't-f-\', 't+2', ... , 't+k' should be able to be estimated.

8
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2.6 Decomposition of Time Series Models

Times series does not necessarily contain all the four components discussed in 2.4. It contains

the irregular variation and some or all other variations. The two commonly known ways by which

the time series components interact are:

a. Additive model

b. Multiplicative model

2.().1 Additive Model

The actual data is the sum of the four separate effects, that is,

X, = T, + C, + S, + It ------------- 2.1

where

X, = actual time series value at time t (Dependent variable)

T, = amount of Secular movement at time t

C. = amount of Cyclical movement at time t

s, = amount of Seasonal movement at time t

II = amount of rregular movement 'at timet

The model assumes that the effect of the seasons, the cycles, and the irregular or residual

movements are equal in absolute terms throughout the period being studied. This seems to be

okay when short periods are involved or where the rate of agricultural production or decline in

the trend is small.

2,6,2 Multiplicative Model

The multiplicative model assumes that the actual data X, is the product ofthe effect ofthe trend,

seasonal. cyclical and residual or irregular variations, that is,

X, = Tt.C,.S,J, ------ 2.2

9



where XI> Tt,Ct,St, and It are as defined in equation (2.1).
\) .

The multiplicative model can be transformed into additive model by the use of the following

logarithm transformations:

that is

Since the cyclical variation cannot be easily isolated from the trend, it is classified with the trend

given

X = T + S + I (for additive model)-----------2 4t t t t .

xt = t, + s, + it (for multiplicative model)------2.5

Either ofthese models can be used to effect the decomposition of the time series. The first

step is to estimate the trend and then eliminate it for each time period (day, week, month, quarter

or year) from the data by subtraction (Additive model) or division (Multiplicative model) giving

a detrended series which expresses the effect of the seasons, the cycles and the residual

components.

For example, injhe case of additive model, the detrended series equals

X, - T, = S,+ C, + It for additive model -------- 2.6

and

SrCJI for multiplicative model- - - - - - - - - - -2. 7

The mean of the detrended series is then taken day by day, month by month or quarter by quarter

to produce estimates of seasonal components S, so that a deseasonalised or seasonal adjusted

series can now be obtained as

X, - S,= T, + C, + It for additive model ------------2.8

10



X,

r
I

S, C,.II for multiplicative model= - - --- - - - - --2_ 9

This is most valuable to the agriculturist who wishes to know whether a change from

month to month or quarter to quarter reflects an increase or decrease in yields or sales

performance which would have been difficult to decide ordinarily, for the time series data will

be disguised by the seasonal variations.

J\ detrended, deseasonalised series can also be obtained by:

x - T - S = C + I (additive model)------------2 10, t t t , •

X,

T"S,
:= C,.I, for multiplicative model= - - - - - - - - - -2.11

In conclusion, C, can be obtained by smoothing the jointC, and I, component and is as before

eliminated.

The irregular or residual movement is got by

x - T - S - C = I (additive model)-------------2 12t t t t t •

and

It for multiplicative model-----------2, 13

2.7 Estimation of Time Series Components

One of the terms series components is the trend. The estimation of the trend can be carried out

with any of the following methods.
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2.7.1 Freehand Method or Curve Fitting

The freehand method or curve fitting consists of fitting a trend line or curve by looking at the

graph. Each of the point ofthe examination are plotted systematically on the graph. Individual

judgement are used to draw an approximating curve to lit a set ofdata. The disadvantage ofthis

method is that it is subjective in nature.

2.7.2 Semi-Average. Method

The semi-average method of separating data into two parts, preferably equally, and averaging the

data in each part, therefore becoming two points on the graph of the time series. The points of

each or the average are plotted on the graph. Compute the mean or each part or the average,

leaving out the middle yearsif the number is odd. Take the number closer mean of the years.

Used this compute the trend value. Draw the graph ofthe line connecting the point. This provides

a much better estimate of the trend to be made relative be free hand curve method.

2.7.3 Moving Average Method

The moving average method is highly subjective and dependent upon the length ofthe period

selected for constructing the averages. To eliminate the cyclical functions(wave like movements)

the period chosen should be an integer which corresponds to (or multiple of) the estimated

average of a cycle in the series.
~,

To compute the moving average, sum up the first ~

observations and divide by.JL so that the trend value for the middle period ofthe 'n' observations

can be estimated by the mean. Drop the first observation and include the (11+1) giving the new

average period. The trend value for the period't' using a five (5) period moving average is

M = I (X + X + X + X + X ) -------------------2 13At - t-2 t-1 t t+1 t+2, •

5

while the period for 't+ l' is

12



M 1 == I (X I + X + X +X + X )--------------- 2 I'4'1\11 - 1- I III 112' II] •

5

If 'n' is even, 'n' is calculated using the original data by a process called centering.

Centering involves computing a two-point moving average of the moving averages. This method

docs 110tallow for the calculation of the trend value for the first and the last 'n-l' time periods.

The moving average method lacks mathematical regularity ofform and can only be extended for

purposes of projection by a free hand technique. hence does not allow for efficient forecasting.

This method is explained in full in 2.13.3.

2.7.4 Least Square Method

The least square method involves fitting a trend to the time series data. Years, quarters and

months are converted into units around some arbitrary origin. The origin is centered at a point

so that the sum of the time units is equal to zero. Hence the linear equation arising from the linear

trend given by:

where

YI=dependent variable or time series value at time t,

11= number of observation

LX = the point of intersection oftlre line with the vertical Y-axis

I) = regression coefficient or rate of an increase ofY per unit increase in X (the slope of

the line)

Xr=set of observation at time t

and

EI = random error to:

LY I =n= ------- i

LX Y = A\'X2 ------iiI I I-'L., I

13 '



such that the estimates or" and /I are given by

LY
I

and LXI-.Y.I respectively.

n LX?

The least square method allows for the calculation of trends for the entire series.It can

also be used to fit an exponential curve and quadratic curve but we have only discussed the linear

trend. The irregular variations and the seasonal variation can be estimated as discussed in sections

2.4.

1 '

~'(

;'
2.8 Stationarity of Time Series

i\ time series (XI) is said to be stationary if there is no systematic change in the mean and

\ .ni.mcc in addition to the absence or all the periodic movements. In other words,{XI} is

stationuy if it has no trend. no seasonal variations and no systematic changes in its mean and

.~ \ ariance. Thus. a time series with only the irregular variation is said to be stationary .

Most 0'[ the theories of times series analyses are based on stationary series, hence it is

required that a non-stationary series be transformed to a stationary series. Furthermore, the

economics of many countries arc growing and so are their agricultural productions. Thus the

typical economic factor contains trends through time which may either be in the mean, the

variance or both [Fuller A. W., 1976]. More so, most time series are non-stationary and removal

o l trends and seasonal variations render it stationary.

A time series {XI} is said to be strictly stationary if the joint probability distribution of

: XII' X12, ... X ln) for admissible set {t., t2• , .. t.} is invariant under a translation of time axis.

l lence. for strict stationarity. it requires that the probability density of{XII' X12, •.. Xln} be

equivalent to that of{XII r k - XI:. 1;•... Xlnl k 1 which is most of the time impossible to check. Thus,

the definition is weakened to stationarity of order m.

i\ time series {X:} is said to be stationary of order m if for any admissible sets{t., t2, •••

14



I,,: and for any k , all the joint moments of{X tl, Xt2 ... Xt,,} up to order 111 exist and are equal to

Ihe correspond ingjoi nt moment of

for all a, f), ... y

.Such that

u+p+ ... +v s m

In particular getting a = B = ... = y = a

and k = -t we have

which is the definition ofE for all a ~ In

Therefore.

, function or s-t only tor It + [I -; III

/\ time series lXI: is said to be weakly stationary if it is stationary of order 2 and the

follo\\ing hold:

a. E(XJ = u, a constant

2.9 Concept of Differencing

Most of the time series {XI} encountered III practice are non-stationary but are usually

transformed into stationary series by successive differentiating the non-stationary series. Time

15



scric. :XI) is stationary if it has no trend, no seasonal variations and no systematic changes in its

mean and variance. Thus.:1time series with only the irregular variation is said to be stationary.

That is, the variance of the series does not change with time. The first difference of a non-

stationary series is defined as:

VXI = XI - XI.I ------------------- 2. 16.

When a stationary series isdifferenced K times, it reduces to a new time series:

,
:I:IJ = :V'XIJ oflength N-K where N is the length ofthe original time series.

2.10 Autocorrelation

Autocorrelation refers to the relationship. not between two (or more) different variables, but

between successive values or the same variables [Kontsoyiannis, A.1987j.In other words, let

XI' X2•··· X, denote the time series process IX}, (n-l) points of observations can be formed as

XI.I is given by:

-----------2.17,.
1

1/ - I 1/

L (X,-xl)2 L (X,. l-x2)2

'0 I '02

where

==

16



,.
I

/I I

L (X,-x)(X,. I-X)
, I

- - - - - - - - - - - 2.18

For a large 11,r is approximately given by:

Since rl measures the correlation between successive observations, it is called an auto

correlation coenicicnt.lhcll is. 1'1measures correlation between r, and r,'1 which means the

correlation between one point or observation and the next. The distances between these points

are called lags and 1"1is called autocorrelation oflag1.

1\ sample autocorrelation or lag K is givin'g by:

,.
I.

I" I., .

"' (.\ - x)(,\ , x )
~ I /'1\

11, I C
k - - - -2. j 9

/I_-k

.~L (X,-x)2
11 t= I

where k 1,2,3, ... 11-1

The result of autocorelation is used to test the significance of successive agricultural

~ i).

prod ucts at a particular lcve I. hence ilis very usU'ul in model idcnti fication.

2, I J Autocovariance

The covariance between one observationX, and X'+k separated by lag k interval of time is called,

ti-c auiocovariance of lag k and defined as:

= E(X,-p) (Xt+k-p)

k = 0, ± I, ±2 .....

Where fA = E(Xt), a constant for all t, is the mean of the process which defines the level

about which the process fluctuates and is always assumed to be zero. The set of rk is called

17



autocovariancc functionif it is a continuous function and autocovariance sequence ifit is discrete.

Auto covariance of lag zero is

= Varianceto/) of the series

I ,cIting s r-; I-k then t '""s lk

l lence, r(-k) = rk (i.e rk) is an even function

Therefore {r t = Ilr 'I' l t-k J l k I

2.12 Correlogram

~ -:;
The plot of the autocorrelation functionPk against.K where

co

where k > 0.12.1 ..... n-1

is called the correlogram as seen in section. By plottingPk against k, some important functions

such asthe following are depicted in the graph:

a. Whether the series is a purely random process.

b. Whether it contains a trend or not

c. Whether it contains seasonal variation

d. What time series model (additive model, multiplicative model) generate the series.

The correlogram decays to zero very slowly if the series contains trends which implythat

the series is non-stationary. Again, if the seasonal variation is present, the correlogram will be

in the form of sinusoidal waves which decay to zero very slowly. Sinusoidal waves appear most

18



in the frequency plain of the time series (XJ Though the time domain and the frequency

domain are not.necessarily separable for one to obtain a realistic solution to a real life problem,

the decision variable relating to a frequency domain has to be kept constant while the other

v.uicx. Since this research work is more related to time domain, the frequency domain will be

assumed constant. Consequently, the frequency domain which is a major characteristics of

sinusoidal waves will not be considered as a decision variable in this research. The corrclogram

decays to zero last iI the time series is stationary.

2.13 Time Series of Probability Models

A sequence {E
t
} is said to be a white noise process or purely random process if:

a. E(Et) = 0 for all t

b. E(E2
) = a for all t

That is, a sequence {E t} with mean zero, variance zero and the expected value zero.

Therefore, {E
t
} is a sequence of random shocks with:

"« (oi it" k=O

{a Otherwise

{I if k=O

{a Otherwise

2.13.1 General Linear Process (GLP)

;\ time series (XJ is said to follow a general linear process if:
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Ii + Ee/ + k + ~E +/ I ./ 2

== /U + Et

and E, is a white noise process.

Assume fJ = 0 without loss of generality so that

E +
t

------------2 .20

In real life, removeX, from (2.20), it can be deduced that

Thut isthe observation X, is a weightedSlIlll 01" its past plus a random shock. The general linear

process can therefore be written as:

E +
t

--------------2.21

or

ec

L:TI.E
t
- + E --------------2.22

j = 1 ] ] t 'V,~

Define backward shift operatorP by:

Using backward shift operator, we can define (2.21) as:

20



,.

XL (1 + l: t7~j)Et -------------·----2.23
t= 1 -

or

X, tlf))E
t

------------------------2 e • 24

+W) is called the transfer function,

Similarly (2.21) can be written as
, '

~. 'Z} :.
(1 - "TIP·J'IX = E --·~--------------2.25'~ J~ t . t

j~l

11W )XI = f: -------------------------------------------2.26

Multiplying (2.26) by tW), gives

1:1'0111(2.24) i.c XI =f(f{)( I we have

Hence t (f3) TI (5)
Xt 1= - =
Xt

Therefore, TI(~) =t-I(B) ------------2.27

TIW) is the transfer function for past value whilet(P) is the transfer function for

the error term (Et).

2,13.2 Autoregressive Process

The general pltl order autoregressive process of a stationary time series {XJ is defined by .
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X=' t x I -I t x I I t X 1- ( ------------2 28I I 1- ~ 1-2 ... P I-p 1 .

where (I is a white noise process (random disturbance or shocks) with mean zero and variance

(il, t I' t 2' ... +, is a finite parameter and the model is denoted by AR(p), In this process the

current observation XI is regressed on its previo~,~ valuesXt_I' XI_2, •. ., XI_P
'

(Ising the backward shin operatorf), (2.n) can be written ast(B)XI = EI

,
where 1'([\) = ,~II>' - t J\'~- t ;/1; - ... -,I, I'lt I Box !'.E.G., 1984.1

:-)uc!J lhat

II - t II) I - q' Jf - t JIYlx, = E, ---------------2.29

Cou-lition for stationarity of J\R(p) model

The equation (f\) (J

is called the characteristic equation with the stationarity of the roots outside the unit circle,

2-1:\.2.1 Autocorrelation Function of AR(p) Process

Since J\R(p) model is given by

III the same manner.

and so on,

Substituting repeatedly for XI_; i = 1,2,3, ...,111 in 2,30, the equation can be written as

linear infinite combination ofEt_j, i = 1,2,3, ...

so that

Multiply the equation (2.11.2.1) byXI_k and taking' the expectation, then
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That is

lOirktO

iJividing through by Oil' we have

Using backward shift. we have

lnctorizing, we have

r
tW) TI(l-G;P)

; 0 I

111 (2.31). setting k0= 1.2, ], .... p

Po

,.
()

Hence, we have

t I + t 2P I + i· lP2 + + t pPI'.1

t IPI + t 2 + i· ,PI + + i· pPI'.2

------------ 2.32
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The system or equations 2.32 are called the Yule Vf<f1kers'equations. They are used in estimating

the popu lation parameters ~the parameters0 f the sample agricultural products taken)f l' f 2' f 3
,

... ~ p'

This is put in matrix form as:

PI"I . t I

Pp.2· ~ 2

------.----------- 2.33

I.
-,

Pp.1 Pp.2 pp.}

That is PI' c"" '.I'p t p 2.:14

2.13.3 Moving Average Process

The.model

co + L fE '
i: 'i I .7 t .7

in equation (2.30) is an example of a moving average process. The general expression for such

a process IS

\\ here l,c-'.'"... q- are constants withXI expressed as a finite moving average process orderq,

f'vIJ\(ll)· I he series might continue to infinity, in which case it would be termed as an infinite

rnovinj; average process.XI is also expressed in terms of current and past disturbances refereed

to as random shock processr Box and Jenkins, ]976].

Since FI is a white noise process. taking expectation we obtainE(Xt)=O because X, is

stationary



v .<

"II = I in the terms or g.l.p

t,0" 88
, 1 1 k

i 1

--------------2 .36

Thus for any value 8" 82, 8) ... 8q MA(q) is always second (2nd) order process. Therefore, there

is no need for stationary condition. But the condition for invertibility is that the root of the

characteristic equation8(B)=O must lie outside the unit circle since X,= 8(P)E
t

where

hy the application or backward shin operator [J .

2.13.3.J. .Autocorrelation and Autocovariance Function of MA(q) Process

The autocorrelation function of moving average process from (2.36) is givenby:

II if k=O

+ 8 8
q q' k

E82

j=l ]

{O otherwise

Simi larly. the autocovariance function Ci·'lg k for a moving average process of order q
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(M/\(q») is

lienee setting k= 1,2,3, ... , q, we have

r I

r,

------------- 2.37

rk

rk

These equations iI11.:'7 are equivalent of Yule walkers' equations inAR(p) model but

unlil«: the !\R(p), the equations arc110 longer linear in the model. Hence,q nonlinear equations

h,I\C '() be solved which requires nonlinear optimization technique which will not be considered

in this thesis.

1.1."14 Autnrejzressive Movin~ Avcra~c Process AI~MA (p,q)

lhc 1Ilitoregressive is a process that has both !\R(P) and M!\(q) parts. !\ stationary process {X,}

satisfies !\RMA (p.q) if:

x, - ~,XI_, - ~ 2X'_2 - ... - ~ pX,_p= E, - 8,Et_, - 82Et_2 - ... - 8qEt_q ------~- 2.38
,

Using backward shift operator, (2.11.4.1) becomes

~W)X, = 8W)E, --------------- 2.39

where

ARMA(p,q) can be thought to arise in two ways:

;1. XI is a pth order !\R
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where el follows a MA process

h. XI = o(/)bl where b, follows AR(p)

Condition for stationarity for {XI) is that all the roots off(B) =Oancl e(B) =0 must lie

outside the unit circle.

Autucovariance Function of ARMA (p.q)

Multiplying equation (2.38) by XI_k ancl take the expectation, the autocovariance function oflag
.&

k of an ARMA (p,q) model is obtained as

where

srnce

X l_, depends only onE'l_k- Pl-k-I" E'1_k_2- ...

We have

Therefore, we have

J
. _,l, I" +,l, J' + +,l, J-
k - r I k-I r 2 k-2 •.. r p k-p for k~q+ I

This proces~ is able to describe a process with fairer parameters thanAR and MA taken

27



separately.

2.1 1.5 Partial Autocorrelation Function

Sincc a stationary series{XI} satisfies AR(p) process such that

XI co, t klXI;1 + t k2XI.2 + ... + t kkXI.p + 61 ---------(2.40)

TI,c Yule Walker equations for the above equations (2.40) are givenby

'.1\ t k = :J\ ill matrix form

where

By defining a matrix:

~kk

P,
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'r'. k

where

J\' is " matrix '.1\ with its last column replaced by :1\, in practice :1\ is replaced by its

sample estimate r~. Hence, we have

lhc quantit , ~KK is called partial autocorrelation. It measures the excess correlation of

I,,~!k. wh ich is not accounted lor by AR( p-I) model.

The partial autocorrelation is used to estimate the model parameter in the set of data

.malvxcd. The)' arc used to identify the uppropriatc value for p and q terms in ARMA(p,q) of an

;l!,'.riculturlll product.

2.14 Mudel ldentiflcation

Model identification is the act of selecting the simplest model that gets the time series (X)

problem solved. That is, a survey of the models viz. AR(p), MA(q) and ARMA (p,q) is made

to see which one fits stationary series{XI)' It should be recalled that non-stationary series can be

converted to a stationary series.

Functions that are frequently used in model identification are the autocorrelation function

or lag k given as shown in rk and ~kk in Sections (2.13.3) and (2.13.5) respectively, for an AR(p),

the partial autocorrelation cut olfat lag p while for a MA(q), the partial autocorrelation does not
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cut oll hilt dccav to zero exponentially.

,
On the other hand, the autocorrelation function or MA(q) cuts off at lag q where the

autocorrelation function or AR(p) cuts off exponentially as well. Studying autocorrelation

tunction and partial autocorrelation function will allow us to deduce whether a series follows

A R( p) or MACq) or not. If neither the autocorrelation functions nor the partial autocorrelation

lunctions cut o ll, then a mixed autoregressive 111O'CJ~lgAverage ARMA (p,q) process is suggested.

1.14.1 Other Determination of Time Series Model

The traditional order of fitting a model to stationary series(XI) is determined by hypothesis

kstillg. that is. assuming 4) u = O. Pk = 0 and so on. lnfact these variables may not be exactly

/.LTllS. I lcncc the approach \\,IS lound to he uuxatislactory when comparing two models which

d i llcr appreciably in number or parameters. It is also cumbersome and not reliable because ofthe

difficulty in getting an actual significant level.

Among the recent developed criteria for determination of time series model are the Final

Prediction lrrors (1-'1'1-:), [Akaikc II.. I<nll. SOllle Recent 'limc Series Modelling- Criteria for

Autoregressive Transfer Function (CAT),I l'urzcn I':.. I<)741. and A New Look at Statistical

Model Identification -An Information Criteria (AIC), [Akaike I-l.,1974].

2.14.1.1 Final Prediction Error (FI'E)

The Final Prediction Error assumes that a stationary series (X) is eitherAR, MA or ARMA

,
process. The criterion is based on minimizing one step ahead predictor error.

Assume (X) satisfies AR(p). that is

X t t U eX t r: 1 -I- E t - .. - - _.- .- - - - - - 2 . 4 1
r I

Denoting the one step a head predictionby x I( I) we have
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x (1)
t

:::

and the error is

where 0,\ is the least square estimateor ,I, r'v

Therefore.

l-rror =

+ (- --~ U X
1,1 t'l L r t ,-'1

" /"1

(~-0 )x + E
r r t-r+l t+l

I knee the mean square prediction(MSSP) is gi\~~ by:

MSET? O:(l+P)
N

The Iinnl prediction error or order based on the MSEP is then defined as :

where 6,," is the unbiased estimator as52 after the pth order model. That is

RSSP

N

where RSSP = Residual SUIll of squares prediction

= Number or observations

Using rPE. the AR (k), k=I.2 .... L can be litted in succession (that is, AR(l), AR(2), ... ) where L
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is the maximum lag L specified before hand. The order or the time series lor which FPE is the

minimum is the correct to be fitted.

2.14.1.2 An Information Criterion (AIC)

The 1\11 Information Criterion (/\IC) is an improvement on the FPE method to maximize the

ex pel' tancy ()f"tile measure0 f"goodncss ()I' fiL that is. entropy max iIII ization pri nci pic 0 Ithe model

(11 iln uuc IIHHkl Tile (ext statistic of":

.'\lC=-~ max (log likelihood) + 2(number offree parameters)

I he I\lC fur all /\R(p) model with a normal distribution

=Nx(Natural log 6 1'=)+ 21'-----------2.42

Where ('i' is the maximum likelihood estimate ofthe residual estimate. The criterion is equivalent

"",J'
tll maximizing Ale. The procedure forselectirij; ~the correct order of the model is as follows:

a. specify a maximum lag L

c. Culculutc AI( '( I). /\/('(2) .... /\1('(1.)

I Ill' COllect order j" IIl;!t with the minimum 1\1(' value.

2.15 Estimation of the Parameter of Model

In fitting a stationary series (X(}. the first step is to identify the model which best described the

behaviour. lienee estimate the parameters or the estimated model. There are many methods of

estimating the parameter of a model of which two are discussed below:

2.15.1 Yule-Walker Method

The Yule Walker method applies the use of equation in estimating the parameter, that is,
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'J> = .P .p ----------------- ') 43. .,," -. .

Where Y" is a xymmctric positive definite matrix such that

~(' -- 'J) -I'J)J" . I' . P

SlIhstitliting the sample m~t()corrclation coefficient (rk) for:J\ and r\ in '.1\ gives

'0 =R -Iv
!1 r P

which gives their required estimate.

2.15.2 Levison Durbin Algorithm

The Levision Durbin Algorithm avoids the inversion routine that featuredin the Yule Walker

equations. The procedure is as follows.

Start with ()(I~= Yo by setting k=U, t.,2, ...

Compute

1 {--
I V J ' I --La!:, i V I; , I I0/ k I

Then

and

The solution of this Levison Durbin Algorithm is usually the same with that of the Yule-walker

equation.
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2. I() Diagnostic Checking

/\ Iter IItting a tentative model to the seriesr X,). a check is made to see whether the fitted model

IS .ulcquatc and to see if there is any evidence of non randomness. There are two methods of

doing this. one is comparing the parametric spectrum with the raw spectrum, disagreement

hct ween the two graphs shows model inadequacy. The second method which is the one that is

ldkn used is the one involving residual. Residuals arc difference between the observation and

the fitted values, that is,

II'the model is adequate, the sample autocorrelation rk should not differ significantly from

/IT() lor ,!II lags greater than one. Ifany ofthe residual autocorrelation are non-zero then define

Illl' ~l'riL's hy dddillg till' ;lpP;lrent structure to the original model. 1\ useful method is the

"parunanteau'' lack offit test. The test statistic proposal by [Jerkins and Box 1976] is as follows:

Q ------------2 .44

where

k
N

4

i't ( I') = Sample autocorrelation of residuals squared

N = Number of observations

I~e.iect the fitted model if

Q = x1(k-p) at a level of significance

2.17 Forecasting/Prediction

Throughout this write-up, it is assumed that the stochastic process{XI} is a zero mean stationary
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process. With.this in mind. given that the past behaviour olthc series(XI] is such that x.:-ex ::;

s L then, let XI11ll) denote the III step ahead of predictor ofX
III11

at time t, Then conditional

predictor is then given as

x = EIX I X '_0( ss st] ------------245
L' Hill) It III s· .

The variance ofXI(Ill) is given as:

Var»:
I III/I

·---------·-------2.46

\\ here :XI) can be expressed as a general linear process, that is,

X
t LljJj(

j 0
I j j' 1

and

() 2 = var (F )
I (.. t

2.1 S Concluding; Remarks

.'\ 11 attempt has been made to look at the features of -some existing and popular statistical packages

\\ irh d \ ic w to confirming that they do not make provision (statistical procedure) for time series

1I1~1h Sl'S. The statistical packages that were examined are the following:

~1. Statistical Packages for Social Scientists (SPSS) Version 4.0.

h. System Analyucal Statistics (SAS) Version 6.04.

The SPSS provides Statistical Procedure for the following:

a. Frequency distribution.

h. Correlation.

~. c. Analysis or Variance.

35



u Nonparumetric Test.

c. I .incar and Multiple Regression,

l. lactor Analysis.

g. Reliability Analysis.

It is observed that the procedures for time series analyses ate not provided,

Tilt: SAS provides Statistical procedures lor the lollowing:

;1. lrcqucncy distribution.

h. Correlation,

c. Analysis of Varia nee.

d. Linear and Multiple Regression Analysis.

e. Multivariate Analysis.

I. Categorical Data Analysis.

g. Factor Analysis.

It is also observed that procedures for time series analyses are not provided.

lhc 110;1 Chapter reviews the statistic," analyses package developed by the StateofFood

,lIld .\!.'ril· ltllllll' (S()I·/\). " unit or hHld and Agricultural Organisation (FAO)or the United

N<lliOI1Organisation tUNO) .. [ he Statistical Package is Christened Food and Agricultural

Organization Statistical Time Series (F AOSTA T TS),It is meant to provide structured annual

lime series database. In addition, be a menu driven, easy to use program for all time series

analyses and plots including barchart.histograph.Iinegraph and scartergraph.
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CHAPTER THREE

REVIEW OF TIME SERIES FOR SOFA

3.1 Basic Concept of FAOSTAT TS

The Statistical Package for Food and Agricultural Organization Statistical Time Series

(1,/\( )STAT TS) developed by State or Food and Agriculture (SOF A)(The Stateor rood and

Agriculture 19931 is a time series software. It is prepared to supplement the "Annual Year

Book" being prepared every year. The first ex peri menta I package ill Ellglish was developed

by Karl Gudmands and Alan Webh of the Economic Research services, United States

Department of Agriculture in 1993 (The State of Food and Agriculture 1993). One of the

components ofthe software package is the data bank which contains<l comprehensive set of

annual statistical information 011 the agricultural, forestry and fishery sector, covering 153

.-y(
countries which were in' 12 groups from 1961 through 1992.

World acceptance of the package led to the development of the French and Spanish

version, eachor which cOVCJ'S1994 through 1996. The years' theme of the FAO was a target

or locus in upgrading the package. 1:1'01111994, the package was named Food and

Agricultural Organisation Statistical Time Series (FAOSTAT TS). The FAOST AT TS

directory for each year is called SOFA followed by the year of production, for example,

SOF A96 is the FAOST AT TS produced in 1996.

The following are the themes:

a. Water Policy and Agriculture - 1993

b. Forestry development and Policy Dilemmas - 1994

c. Agricultural trade? Entering a New era? - 1995

d. Food Security: sorrte Microeconomic Diversions - ] 996

The countries that could not produce adequate data [or statistical purposes in the

~ ...
software were dropped but there are estimations-made in The State of Food and Agriculture
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I()!)] literature statistical analyses olIhosc countries.

The motivation for FAOST AT TS are the following:

a. The need to increase the efficiency of the FAO workers in dealing with food and

agricultural data by having a data bank and a database programme that will help to

facilitate the analyses of time series data.

h. Studying through the bulky materials of FAO data for data analyses and forecasting is

time consuming. As such FAOSTAT TS is needed to facilitate a quick search of

agricultural statistics amidst large documents and provide an accurate and speedy

agricultural forecast.

c. FAOSTAT TS is needed to provide handy and comprehensive data and information

1'01' FAO satellites sta!!pps <!!1d!pstitutionsofhigher learning that are in need oftheir

data and intormation 1"9 build a higher database programme that will have facilityto

di')nl~lYdata in the form of charts and tables to be used in time seriesdata ap~l¥.!'i~~.

d. lhc need t~)have time series analyses statistical package for agricultural analyses"

I he ol;lectives oll:A( )STAT TS arc as follows:
. ~ ~. ~~. ' .,:..,,. .:-', ,

i! To provide a menu-driven programme that canoffer Oil line help facility and c<!HthH~

be used even by inexperienced users.

4 " ••• '1".\ .:'\o!''!. ~)

.." l~)'tie\>eI6p a software that can be used for reading, displaying and manipulatingFAg"
... ,..-"'" ...•..••. ~..

- • " • ~-,...~ J •••• ,~ •• ) i .., "",,?'~' .
.-.' '-!::

!, •. ~\Jo"~."'~, • • ',_::7

c. To provide a fast and easy-to-use tool for,displaying and analysing large time series

data set. Thus. the data can be displayed in the form of data and table.

d. To provide an F AO handy and comprehensive set of annual statistical information on

the year s theme as slated above and to cover 153 countries and 12 country groups.

c. To develop a program to support basic statistical analyses and allow time trend

projections and cross-sectional comparison of data to be made.
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1'. '1u provide an L/\.() statistical databank.

g. To develop a package that will enable data to be exported into standard formats that

arc readable hy C0fl1111()1!lyused database and spreadsheet programs or, alternatively

that Uti! he directly exported to an ASCII fileformat.
,

ThL' methods used ill achieving the set goals or FAOSTAT TS are as follows:

,\. Studies were made01' the existing FAO publications such as Annual Year books and

the statistics published bythe I:A() as the country tables.

h. Data collected yearly from various countries or the world were used to upgrade the
~ .~

program.

c. Development or the Food and Agricultural Organization Statistical Time Series

(F/\.( )SI :\1 TS) using turbo Pascal.

:1. lest RUIl or I,\.()STAI TS witl: the data supplied by thevarious participating

countries.

.".2 Analvxcx of i\laize Prnductiun in Nigt'l'ia Irum 1980 to 1995

Tahk .'.1: Tahlc of vnriance of Maize Prnductinn in NigeJ"ia from 1980 to 1995

Year Time t, Production Variance (X, -5<)2

X, ( 1000MT)

1980 I • 653 10487073

1981 2 653 10487073

1<)82 3 626 10662674

1983 4 1027 8204644

19X4 5 1196 7265046

1<)85 6 1826 4265774

1986 7 3550 116536.9

1987 8 ·~612 519300.4

1988 9 5268 t895096

10X0 10 :')000 4647.30
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Tahlt ~ol Continued

Year Time t, Production Variance (XI - 5<)2
x, (I (I00MT)

1990 II 5768 5151.26

1991 12 5810 5655.21

1992 13 5840 6159.16

IlJ9] 14 ()29 I 6663.12

11)I)fl 15 ()I)O::' 7\()707

1(1) 5 IG 724() 7671.02

,
Total 1]6 G2262 92167601.75

SOllrce: Food and Agricultural Organisation

The years in the analyses are from1980 to 1995numbering 16 years.

The minimum year 626( 1982)

The maximum year 7240( 19(5)

Range 7240 - 626 6614

A verage range per year 6614/16 413.375

Percentage range 6614116x 100 = 41337.5%

lhc series IIH.."\I1 LX/n 62262/16

lX91.l75

where:

X, is the observation with respect to time and

n is the total number of observations .

..:;"I, (X-X) 2

The population variance(52) ;:: ------~-....!-
n

whereX
t

;:: observation at time t

X t ;::mean of the observa tiona t time t
n ::::t:ot:s.~ nu.trtber of! years observed

92167601.75

16
5760475.109
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The standard devi.e tzi.on ttr) ~(02)-

where 02 is the variance of the observation

!S76047S.1Q9
2400.098979
2400.10

J.J Trend Analysis of FAOSTA T TS - SOFA 96

The l'lIlccpt oj',l trend asserts that the movement over fairly long period in a series is usually

smooth 'I ile lincar. parnbolic and exponential trends arc considered in this study. It is

for that \ car (y,). the number ofyears(n). and the residual value {~t} which is given by:

3,1
1/

The years chosen(1980 to 1995)are used in the trend calculations. The trend can be

projected for a selected number of years. The last year in the software is limited to100years

hcvond the lirst year of the dat,l. Statistics shown include summary statistics for the observed

values. <llld the trend line st.nistic».

J.... Linear Trend for Maizc Production in Nigeria from 1980 to 1995

1he linear trend model IlJr maize production in Nigeria can be represented by

P - b + b t + ~
t .0 1 t t

where bo Yintercept for the p-op-u l.eiz i.ori

b
I

true sLope of the popii Letzi ori

~l = random error in X, for the observation in t

1n usin]; the least square method. we obtained the fallowing two equations, called the

normal equations:
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1_.. , lih() Ij',LL,-------- --------3.2

L I X = b L I + I') L I --.- -.-----_.- - - - - -3 . 3, ., I)' , 1.., ,

,
Since there are two equations with two unknowns; we solve the equations simultaneously

flLf/(,
._------

ilL!/-

(Lf)(LX,)
----- - - - - - - - - - - - - - - - - 3.4

CLf)='

and

b = LX - b to I 1 1-

and
Lt t

J) 11

Tahle 1.2: Table of Linear Treml Statistics-
\' t' :11' Time II Prnduction XI I ! <

I

I' iX() I ()<;1 I

I 'IXI 2 ( )<;] · 1

Il )S2 3 626 9

Il)}n 4 1027 16

IlJX4 5 1196 25

19X5 6 1826 36

IlJX6 7 3550 49

I I)X7 8 4612 64

IIIXX II <;26X 81

IlJSlJ 10 5000 100

I1 )l)O 11 5768 , 121

1991 12 5810 144

1')1)2 13 5840 169

11)'n 14 ()29 I 1%
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Tahle J.2 Continued

\' (';I" Tuue t, Prnductinn X, t Z,

I t)l)4 15 6902 225

I ()t)') 16 7240 256

Total 136 ()22()2 14l)()

S(lurce: Food and Agricultural Organisation

Now.

n=16.

SH C) I. vi ~.),

Tilus wc have' b, = 50J.9S2() and bl) = -J92.2250

This gi\cs the linear trendlor the maize production as

y, = ')0 3.952 9t I, - 392.225 U ----------------------------------:3.5

which is used for the linear projection.

The slope hi was computed as 503.9529. This value means that for each increase of

(!Ill' "Ilit ill tillll'( I). (Ill' value (II' y, incrcnscs hy ,)OJ()')2() units. III the SOFAl)6 analysis, for

l';lcll increase ill <I year 01' maize produced in Nigeria. the lilted model predicts that the

production value olmaizc wil] increase by 503952.9 metric tonnes.

The Y intercept b., was computed to be -392.2250. The Y intercept represents the

\ ulue 01' y (in the problem -392225) when time isO. Since the time(t) can never be zero, this

y intercept can be viewed as expressing the portiCJn ofthe production of maize that varies with

Iactorx other than the time. The regression model that has been fitted to the data can now

he used to predict the production or maize value of Y for a given time (t) as seen in

Y
t

392.2250 + 503.9529t
1t

- -392.2250 + 503.9529 (21) 10190.787

\

1'(\1' example. )' represents thousands of values ofmaize production in Nigeria based on the
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predicted average production value of 101907870 for the year 2000 ( five years: prediction

alter 1(95). This is the trends estimate for that year. The full data is contained in Table 3.3

and the graph is in Figure 3.1.

TABLE 3.3: Linear Trend and Residual of Maize Production in Nigeria from 1980 -

1995

Year Time t Production Linear Trend Residual
X, ( 1000MT) Y I (1000 MT) e,(IOOO MT)

19XO 1 (151 111.73 541.27

1981 2 653 615.18 37.2

1982 3 626 1119.63 -493.63

1983 4 1021 1623.59 -596.57
i

1984 5 1196 2127.59 -931.54

1()X5 (I 1826 2631.49 -805.49

1()X(l 7 3550 3135.45 -414.55

1987 8 4612 3639.40' 972.36

1988 9 5268 4143.35 1124.65

1989 10 5000 4647)0 352.70

19l)() II 5768 5151.26 -616.74

1991 12 5810 5655.21 -154.79

1992 13 5840
\) '1-.'"

6159.16 -319.16
,

1993 14 6291 6663.12 -372.12

1994 15 6902 . 7167.07 -265.07

1995 16 7240 7671.02 -431.02

1996 17 8174.975

1997 18 8678.928

1998 19 9182.880

1991J 20 9686.834

2000 il 10190.787

2001 22 10694.740

2002 23 11198.643

2003 24 11702.646

2004 25 12206.599
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Table 3.3 Continued

Veal' Time t, Production Linear Trend Residualt-,
X, (1000 MT) Y (lOOOMT)

2005 26
,

12710.551

Source: rood and Agricultural Organisation

The least square linear trend of the series given in equation 3.5 is from 1980 to 1995,

that is. 16 years. The other statistics given in FAOTAT TS-SOFA96 are coefficient of

determination (r') which is equal to 94%ofthe total variation in (9,), itis attributed to time(t)

over which it was generated while 06% of the total variation is caused by factors other than

time(t). This shows that there is a strong relationship between the maize production in Nigeria

and the time. The standard error of estimate (SEE)which is equal to 6646640 metric tonnes

represents a measure of the variation around the fitted line of regression. It is measured in

units of the dependent variableYt. This interpretation of the standard error of estimate (SEE)-

is analogous to the standard deviation. Just as the standard deviation of2400100 metric tonnes

measured the variability around the arithmetic mean, the standard error of estimate (SEE)

measures variabi lity around the filled line of regression.

3.5 Exponential Trend of Maize Production in Nigeria from 1980 to 1995

The exponential trend by the method of least square is of the form.

Y A.e(b ..li)
I

where

A is the Y intercept

e is the estimated annual increase in production in thousands metric tonnes

VI is the trends estimate for that year

IIthe logarithm to base 10 of both sides is taken, then,
loglo Y, 10g\OA+ b.t.log.g l (1.'

That is,

InY, = In A + b.ti 3.6

The equation becomes linear in nature, using the method of least square in and 'b' can be

expressed as:
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b
11[tItlnxt - ([tIt) ([lnX lt)

n[t
1t

2 - ([t
lt

)2

- -------------3.7

and the intercept of log A

=> A = lnXt bt lt ---------3.8

where 111Xt =
[Xlt

11

tlt =
[t lt..

n

Table 3.4: Table of Exponential Trend Statistics

Year Time t, Production X, Ln x, t 2
I

19XO 1 653 6.481577 1

1')8 1 2 653 6.481577 4

1982 3 626 6.483935 9

1983 4 1027 6.934397 16

1984 5 1196 7.086738 25

1985 6 1826 7.509883 36

1986 7 3550 8.174703 49

1987 8 4612 8.436417 64

1988 9 5268 8.569406 81

1989 10 5000 8.517193 100

1990 II 5768 8.660081 121

1C)<) 1 12 5810 8.667336 144,

1992 13 5840 8.672486 169

1993 14 6291 8.746875 196

1994 15 6902 8.839567 225

1995 16 7240 8.887376 256

Total 136 62262 127.105 14%

Source: Food and Agricultural Organisation
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Now,

11=16, Ltj = 136, LlnX t = 127.105,

(Ll't)2 = 136, Lt'tLlnXt = 1143.26

Lt 2 = 1496It ,

InXt = 9.9440625, tlt = 8.5

This gives b,= 0.18491 and A = 6.3723

The exponential trend for the maize production in Nigeria becomes,

Y
t

6. 3723eo.1849lt------;----3. 9

The fitted exponential trend in equation (3.8) projected to the year 2005 is in Table 3.6, the

graph is also displayed in Figure 3.2. The exponential trend becomes very useful when a

series appears to be increasing at an increasing rate such that the percent difference froni

\ihscrvation to observation is constant.

TABLf<: 3.5: Exponential Trend and Residual of Maize Production in Nigeria from

1980 - 1995

Year Time t, Production Exponential Trend Residual
Xt (1000 Mt) 'r, (1000MT) St (1000 MT)

19XO 1 653 704.29 -51.29

19XI 2 653 847.35 -194.35

1982 3 626 1019.46 -393.46

1983 4 1027 1226.53 -199.53

1984 5 1196 1475.64 -279.65
~

1985 6 1826 1775.38 50.62

1986 7 3550 2135.99 1414.00

1987 8 4612 2569.85 2042.15

1988 9 5268 3091.83 2176.17

19R9 10 5000 3719.83 1280.17

1990 II 5768 4475.34 1292,61

1991 12 5810 5384.40 425.59

1992 13 5840 6478.07 -638.07

1993 14 6291 7793.87 -1502.87
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Table 3.6 Continued
,..-.._"

Year Time t, Production Exponential Trend Residual

X, (1000 Mt) T, (lOOOMT) ~t (1000 MT)

I')')..j 15 6902 9376.93 -2474.93

I1)<)5 16 7240 11281.54 .-4041.54

1l)96 17 13573.00

1997 18 16329.90

1<)98 19 19646.77

1l)99 20 23637.34
>

2000 21 ~~38.47

2001 22. 34214.79

2002 23 41164.37

2003 24 49525.52

2004 25 59584.96

L2O()S 26 71687.64

S(.urce: Food and Agricultural Organisation

J.6 Parabolic Trend of Maize Production in Nigeria from 1980 to 1995

The least square method is used to find the quadratic trend and the model is expressed as:
,

.9t = bo r b1tlt; + b2 tl / + ~ t

where bo = Estimated Y intercept

b
1

= Linear effect on Y

b
2

= Cuxvi l.i.tiesu: effect on Y

St = random error in Y for the observation in t

The sample coefficient bo, b., and b, will have the following three normal equations

LXt = nbo +blLtlt + b2Lt lt
2

LttXt = boLtlt +b1Lt1l:2+ b2Lt1t
3 -~-------3 .10

LttXt = boLtlt2 +b1Lt1/ + b2Lt1/

Solving the maize production equation simultaneously, the computed valueof the

regression coefficients in the problem becomes.

672.3993697 b2 = 9.908613445bo = 897.5642857 b,

Hence the equation of the parabola for the maize production in Nigeria becomes:

-897.5642857 + 672.3993697t, 9.908613445t/
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From the curvilinear regression equation, the Y intercept which isy, is the trends estimate for,

the year (b, computed as negative 897564:2857 metric tonnes of maize) which can be

interpreted to mean that the yearly maize production (without any previous production) is

approximately - 897564.29 metric tonnes. This means the said amount oftonnes of maize has

to be borrowed or lent before the actual maize production starts. To interpret the coefficient's

h, am! b2, we see from Table 3.3 and Figure 3.3 that the maize production rises with time.

This can also. be used to predict the effect of maize production in the subsequent years. In

1<)<)0,maize production in Nigeria was 5299890 metric tonnes while the maize production for

1995 is 7324220 metric tonnes. The production of maize as projected for the year 2000 should

he XS53170 metric tonnes. This shows that the maize production in 1995 was expected to be

more than that or 1990 by 2024330, (metric tonnes, that is, 7324220 - 5299890). Similarly,

the production of maize in the year 2000 is expected to be 1528900 metric tonnes (8853170 -

7324220) higher than that of 1995.

The filled model is given by:

5'1 = -897.5642857 + 672.39991697t, -9.908613445t/ +~,

The coefficient of determination(r') is 94% which is the total variation inYI attributed

to time(t) while the remaining 06% is attributed to other factors. The standard error of

estimate (SEE) that is equal to 5732280 represents a measure of variation around the fitted line,

or regression.

TABLE 3.6: Parabolic Trend and Residual of Maize Production in Nigetia from

1980-1995

Year Time t, Production Exponential trend Residual
XI (1000 MT) TI(lOOOMT) ~t (1000 MT)

1\)1>0 I 653 -235.07 888.07

1901 2 653 407.60 245.40

1982 3 626 1030.46 -404.46

1<.iIU 4 1027 1633.50 -606.50

1984 5 1196 2216.72 -1020.72
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. Table 3.7 Continued

Year Time t, Production Exponential Trend Residual

x, (1000 MT) Tt(IOOOMT) ~t (1000 MT)

1985 6 1826 ~780.12 -954.! 2

19X6 7 . 3550 3323.71 226.29

191)7 X 4612 3847.48 764.52
-" ...

1988 9 52C>H 4351.43 916.57_ .•....

19W) ,10 5000 4835.57 164.43
..--..•.- .....-~....•- 1---- ....

19l)0 II 5768 5299.89 468.11

1991 12 5810 5744.39 65.61

1992 13 5840 6169.07 -329.07
") .:.;:

1993 14 6291 6573.94 -282.94

1994 15 6902 6958.99 -56.99

1995 16 7240 7324.22 -84.22

1996 17 7669.64

1997 18 1995.23

1\)98 19 8301.01_.
1999 20 8586.98

20()() 21 8853.17

20()1 22 9099.45

2002 23 9325.96

2003 24 . 9532.66

2004 25 9719.54

2005 26 9886.60
/

Source: Food and Agricultural Organisation
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J.7 Diagnostic Checking of Linear, Exponential and Parabolic Trend

!\ Iter fitting a tentative model to the series ()\), the FAOSTATS - SOFA 96 allows us to

LIsea residual diagnostic method to check whether the fitted model is adequate. The

residual (~t) technique used is the difference between the observations (X) and the fitted

valuesiy), that is:

~t = XI - Y
The aptness of the fitted regression model can also be evaluated by plotting the

residuals (~1)011 the vertical axis against the corresponding time (t) values of the

independent \ ariables on the horizontal axis. The samples plot of the graph is not given in

till' software, though this would have been helpful in determining whether a model is fit or

not at ,i ~J lance but the figures are attached here with. Samples of the residuals(~I)given in

the packages are included in the sample tables.

3.8 Best-fit Model

The package under review also produce the best fit of all the data being analysed but there

is 110consensus among researchers as to which particular measure is best for determining

the must appropriate forecasting model [MarkL.B. et al, 1986J. A measure that most

researchers seem to prefer for assessing the appropriateness of various forecasting model is

the Mean Absolute Deviation (MAD).

MAD ==

n

L I (Xt - }\) I
t=l --------------------3 .11

n

where XI = the observation of agricultural production in a particular year

YI = the trends estimate of agricultural production for that year

n = the number of years observed

54



If a model were to fit the past time series data perfectly, the MAD wouldbe zero,

and if a model were to fit the past time series poorly the MAD would be large. Hence

when

comparing the merits of two ormore forecasting models, the one with the minimumMAD

can be selected as appropriate based on the past fit ofthe given time series. For the sample

data taken which is the maize production in Nigeria, the best fit is the parabolic trend in

3.6.

3.9 Limitations to FAOST AT TS - SOFA 96 .

The SOFA 96 package which is an innovation in time series analyses software

development and of international reputation have some flaws, which are as follows:

a. The package has no utility program which end user can use for the creation of their

relevant data bank.

b. The package contains some rnathematical'errors, for example, SOFA96 defines and

uses the residuals(~t ) as the estimate values(y) minus the observed values (XI) in

equation 3. I for the data series calculation. In the literatures the residuals (~t) is

defined as the difference between the observed value(XI) and the predicted values

(Yt) of the dependent variable for a given values t [Mark L. B. et al, 1986].

c. The punkzip used in compressing the FAOST AT TS packages contains Natas virus

redefined as crown-well virus despite the instruction given in the "About

FAOST AT TS1
, that the software may be freely used and copied. The only

~ ··c

restriction given is that the data may not be tampered with without former approval

from FAO.

e. FAOST AT TS makes provision for a limited time series analyses such as the

elementary statistics (Years, minimum, maximum, range, average ranges per year,

percentage range, mean and standard deviation). The trend analysis does not

contain important statistics such as the error of sum of square (ESS), the total sum
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or square (SST), the regression SUIll or square (SSR), the coefficient of correlation

(1'), the adjusted coefficient of correlation (adj r) and the analysis of variance which

are vital to statistical analyses.

f" It is observed that vital topics in time series such as the autocorrelation, partial

autocorrelation and parameter estimation of models have not been taken care off.

g. Holt-winters forecasting method which also is rated very good in forecasting does

not feature in the package.



CHAPTER FOUR

MODELLING OF ~TJME SERIES

4.1 Introduction

..•.

farmers, business organisations, public organisations, govemment and individuals have the

:~01l11l101lgoal 0 f allocati ng avai Iab le ti me among the other competing resources such as man,

machine and.money, This goal is accomplished by making forecasts of future activities and

taking the proper action as suggested by the forecast.

The agricultural set up is concerned with both short term and long term forecasts. The

short term forecast takes a look at decision variables for a period of one year. Among the

decision variables are sales, price changes, customer demandofthe agricultural products and

the standard of living of the citizen of a country. 'The long termforecast usually looks at a

period ranging from two years to ten years and uses a planning model for product line and

capital investment decisions, as seen in the changing demand patterns.

In this Chapter, a model of time series analyses of agricultural products is presented.

The model is constructed by assuming that the past is a mirror of the future, that is, the past

trends and cycles will continue into the future.

following:

a. Additive model

b. Multiplicative model

The additive model is given by:

X, =T, + C, + S, + It

The time series interact through the

____________ 4.1

where: X, = observed value of agricultural products in metric tonnes at time t

T, = trend of production of agricultural products in metric tonnes at time t

C = cyclical variation (long time oscillation about a trend or curve)ofproduction of
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agricultural products in tonnes at time t

S, -= seasonal variation of production of agricultural products in metric tonnes at time t

i, ,=- irregular variation of production of agricultural products ill metric tonnes at time t

The movement effect that gives multiplicative model is expressed as:

where

X" T" C" S" and I, are as in equation (4.1)

The multiplicative model can be transformed into an additive model by the use of logarithmic

transformation, that is,

LogX, = LogT, + Log C, + Log S, + Logl,

This implies that:

Tile trunsformation from the multiplicative model to the additive model is necessary because

the additive model is easy to calculate. The multiplicative model is complex, thus, the,

literature explore the advantages of the fact that the multiplicative model could easily be

converted to additive model in solving all their problems. The multiplicative model makes

LIseof nonlinear equations while the additive model uses the linear equations in solving their

problems. In most cases, the cyclical variation ofthe agricultural products cannot be isolated

from the trend and hence classified with the trend.

In modelling time series, there are two main methods of estimating or smoothing

trends or agricultural products. The methods are:

a. Moving Average Method

b. Least Square Method

,
The Moving A verage and the Least Square methods though commonly used have their flaws.

The moving averages method of studying trends is highly subjective and dependent upon the
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period selected for constructing the averages [Mark L.B. et aI, 1986]. Moving average

method also allows too many computed data points to be missing at the beginning and the end

of the series depending on the period of length chosen, making it difficult to obtain an over

all impression of the trend through the entire series( see equations 2.13 and 2.14). The Least

Square Method (LSM) is another technique of calculating the trend value (refer to equation

2.15). It is stated as follows, that LSM is chosen as the best fitting line, that line that

minimises the slim of the deviation of the observed values{XI} from those predicted {T,}.It

does not allow any computed point to be missing at the beginning and at the end or the

computation, which makes it better than the moving average method.

There arc deficiencies in the Moving Average Methods. The flaws are being

remedied in the Least Square Methods. Hence, the LSM will be adopted in this research.

However, we will still examine the Holt-winter forecasting model, which is a sophisticated

extension of exponential smoothing. The exponential smoothing is an aspect of the moving

average which provides an impression of the over all long-term movements in the data and

H .~

permits short term forecasting with the short-coming of the moving average method. Holt-

Winter on the other hand, is a more elaborate technique, which allows for the study of trend

through immediate and/or long-term forecastinginto the future. It is good in detecting

upward and down ward trends in time series that exponential smoothing could not detect,

hence provides for the study of overall movement level and future trends in a series.The

Holt WinterModel does not allow any computed point to be missing at the beginning and at

the end of the forecast, which makes it function like the LSM. The Holt Winter forecasting

model at any time period 'i' continuously estimates the level of the time series that is, the

smoothed valueEi and the value of the trend (TJ This is achieved through the solution of

the following equations

E i = U( E i-I +i-I ) + (l-u)X i ----------------------------4.2
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for level of the time series

Tj = V T j_1 + (1-V)( E j - E j_l) ----------------------------4.3

. for the Holt Winter trend

where Ej = level of the smoothed series being computed in time period

Ej_1 = level of the smoothed series already computed in time periodi-I

Tj_, = level of the smoothed series being computed in time periodi-I

••
X j = observed value of the time series in period i

U = subjectively assigned smoothing constant (where 0 < U <1)

V = subjectively assigned smoothing constant (where 0 < V <1)

The LSM allows the fitting of the linear trend, the quadratic trend and the exponentialI

,

trend model accurately. The problem that arises with the LSM is that we may fit a wrong

curve. This problem is overcome by measuring the magnitude ofthe forecasting error, using

the Mean Absolute Deviation (MAD):

MAD =
n

where XI= the observed value of agricultural products at time t

TI = the trends estimate of agricultural products at time t

n = the total number of obscrvatidn
,

If a model were to fit the past time series perfectly, the MAD will be zero and If a

model were to fit the past time series poorly, the MAD will be large. Hence when comparing

the merits oftwo or more forecasting models, the one with the minimum MAD can be selected

as the most appropriate based on the past fit ofthe given time series. The time plot can also

reveal subjectively the fit of the trend. Time plot is the first step in time series analyses, that

is, the plot of observation (XI) against time (TJ The Yule Walker equation (equation 2.40)
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a.

ll.

c.

U.

e.

-- f.

g.

h.

I.

J.

k.

of the partial autocorrelation is used to determine the best fit for an Autoregressive Moving

Average (ARMA) Process.

4.2 The Knowledge Base

The knowledge base consists of a network of semantically related structure (static) and

unstructured (dynamic) knowledge of time series analyses. The static knowledge is acquired

through the study o ftcxtbooks, technical reports, journals, conference proceedings and lecture

notes. The heuristic (experiential) knowledge is the subjective act of good judgement that the

human expert acquired over years of work. These two types of knowledge are combined in

the knowledge base. Each object of the time series is conceptualised as a relation and each

attribute of the relation describes temporary characteristic of the time series. In representing
...,. ."
'J ;>

each relation normally the attribute which stands for the primary key is underlined. The sets

of relation are presented in the following:

DataEntry (Filename$, Year, Quantity)

TimcPlot (Filcname$., Initial Year, FinalYear)

Trend (Filename$,lnitiaIYear, Final Year )

Exponential (Filenal1l§.$.,lnitiaIYear, FinalYear)

Parabolic (Filename$,lnitiaIYear, FinalYear)

BestFit (Filename$,lnitiaIYear, FinalYear )

Correlogram (Filename$,lnitialYear, FinalYear)

Autocovariance (Filename$,lnitial Year, FinalYear)

Autocorrelation (Filename$,InitiaIYear, FinalYear )

YuleWalker (Filename$,lnitiaIYear, FinalYear)

HoltWinter (Filename$,lnitiaIYear, FinalYear)

The above relations are structured knowledge. The unstructured knowledge is used
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[If the row matrix is not equal to the column matrix then

interchange the row and the column matrix.]

Step 4: For J = I + 1,..., n do step5 and 6

Step 5:

[m., is a matrix with row 'j' and column 'i'. ~i is a matrix with

row 'j' and column' i'. ~i is a matrix with row 'i' and column

,., ]
I .

Step 6:

Step 7:

[E, is a row matrix whileE, is a column matrix. mji is a matrix

with row 'j' and column 'i'. Interchange the row of the

expression Ej-mjjE~ with Ej.]

Ir a,1I1=0 OUTPUT ('no unique solution exist '): i

STOP.

Step 8: Set XI1= all.111/~n (start backward substitution)

Step 9:

[X, is the intermediate solutions. ~.n + I is a matrix of row 'n',

column 'n+ l' while ~n is a matrix with row 'ri' and column 'n'.

The result of ~.n+ /~n is substituted intoXn.l

For i= n - I, ..... 1, set

x. =
1 a ..

11

[Xi is the final solution to the problem.]

Step 10: OUTPUT (XI' ...X, ); (procedure completed successfully.) STOP.

[Richard L. Burden, 1993].

4.3.2 Procedure for Parabolic Trend

Parabolic trend is a polynomial relationship between two variables (the two variables in our
Ii

study are the observation and time). The relationship between the two variables as presented

in equation 3.6.1 is also calIed a curvilinear polynomial nonlinear relationship. The nonlinear

equation is reduced to a linear equation by substituting for the time (t) variables. The linear

63



problem is solved using the Gaussian elimination method given as follows:

INPUT

OUTPUT

Step 1:

Step 2:

Step 3:

Step 4:

number of unknowns and equations n; augmented matrix A=

(aij) where k si '::; nand i ::;js n+ 1.

[A is a two dimensional array of matrices aij where 'i' is the

number of rows and 'j' is number ofcolumns. 'k' is the lower

bound of'j' while 'n' is the upper bound. 'i' is the lower bound

of 'j' while '11+1' is the upper bound]

solution XI, X2, .... X, or message that the linear system has no

unique solution.

[XI> X2, .... XI) are the output to be generated]

For i = 1 .... n - 1 do steps 2 - 4 (Elimination process).

Let p be the smallest integer with is p s n and~i '* O.

['p' is an integer variable that holds value 'i' and en' inclusive.

api is a matrix location at row 'p' and column 'i']

If no integer P can be found

Then output (110 unique solution exist)

Stop.

. If P '* i then perform (Ep) +-+ (Ej)

[If the row matrix is not equal to the column matrix then

. T'
interchange the row and the column matrix.],

For J = I + 1,..., n do step 5 ando

Step 5:

[rn, is a matrix with row 'j' and column 'i'. <l:ii is a matrix with

row 'j' and column 'i'. 3;i is a matrix with row 'i' and column
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,', ]I .

Step G:

[E, is a row matrix whileE; is a column matrix. mj; is a matrix

with row 'j' and column 'i'. Interchange the row of the

Step 7: I f ann == 0 OUTPUT ('no unique solution exist'):

STOP.

Step 8: Set X, = ~. n+ /~n (start backward substitution)

[X, is the intermediate solutions.~.n+ I is a matrix of row 'n',

column 'n+I'while ~n is a matrix with row en' and column 'n'.

The result of ~.n+ /~n is substituted intoXn.J

Step 9: For i = n - 1, ..... 1, set

X .
•L

a ..X,
1] ]

a, ,
11

[X; is the final solution to the problem.]

Step 10: OUTPUT (X, , ... X" ); (procedure completed successfully.) STOP.

[Richard L. Burden, 1993].

4.3.3 Procedure for Exponential Trend

Exponential trend is fitted when a series appears to be-increasing at an increasing rate such that

the' percent difference from observation to observation is constant. The procedure

(Pseudocode) for exponential trend as presented in equations 3.6 and 3.7 is as follows:

Di rncnsion Observation, Year
lnpi.r lnitialYear, FinalYear
Input Observation, Year
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Open file for input
Y car I = Value of InitialYear

lnitiulisc Countcr l ,Counter2, Number, SUIll of Observation, Sum of Year
While not End of File

Input Observation, Year
IfFinalYear = Year) then

Counter! = I

Number = Number + 1
Sum the Observation
Sum the Year

Endif

lfFinalYear> Yearl and JnitiaIYear<> Yearl then
Counter2 = I
Number = Number -I- I

Sum the Observation
Sum the Year

Endif
Wend
For T= 1 to number
Calculate

,
!

/

b
nI,tt1nXt - (I,tt) (I,lnxt)

nI,t/ - (I,tt) 2

where X, = the value of the observation for each year
t, = value that represent eaeh year
n = value that represent the final year

( 'alculatc

A = lnXt - btlt

where lnX = I,Xl t
t , n

I,tlt

n

Next T
Output the result
stop

4.3.4 Procedure for Partinl Autoco+relatton

The partial autocorrelations is used for estimating the parameters of sample agricultural

products taken for time series analyses. Partial autocorrelation is also called the Yule Walker

equations as depicted in equation 2.32. The procedure for solving the problems are in two
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steps. The first step is the procedure (pseodocode) for solving equation 2.19. The second step

is to feed the result of the first step into equation 2.32 and then use the Gaussian elimination

algorithm to solve the equation 2.32.

The first step

Dimension Observation, Year

Input InitialYear, FinalYear

Input Observation, Year

Open file for input

YeaI'I = Value of Initial Year

lnitialisc Counter I ,Counter2, Number, Sum of Observation, Sum of Year

Whi le not End of File

Input Observation, Year

IfFinalYear = Year! then

Counterl = I
Number = Number +I

Sum the Observation

SUlll the Year

J -~.

End ir
lfFinal Year > Year l and hitialYear <> Year! then

Counter2 = 1

Endif

Number = Number +l
Sum-the Observation

Surn the Year
Endif

Welld

Calculate

r
k k = 1,2,3, ...n-1

where XI = the value of the observation for each xear

x = Sum of observation divide by total number

n = value that represent the final year

Output the result

Stop

The Second Step

INPUT number of unknowns and equationsn; augmented matrix A =

(aij) where k s i ~ n and i c j c n t-L
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OUTPUT

Step I:

Step 2:

Step 3:

Step 4:

Step 7:

Step 8:

[A is a two dimensional array of matrices aij where 'i' is the

number of rows and'j' is number of columns ..'k' is the lower

bound of'i' while en' is the upper bound. 'i' is the lower bound

or 'j' while 'n+ l' is the upper bound]

solution XI> X2, .... Xn or message that the linear system has no

unique solution.

[X" X 2, .... X, are the output to be generated]

For i := I .... n - I do steps 2 - 4 (Elimination process).

Let p be the smallest integer withis P$ n and ~i* O.

['p' is an integer variable that holds value'i' and 'n' inclusive.

~i is a matrix location at row 'p' and column 'I']

Ir no integer P can be found

Then output (no unique solution exist)

Stop.

If P t i then perform (Ep) - (E;)

[If the row matrix is not equal to the column matrix then

interchange the ro~·and the column matrix.]

POI' .I = I + 1,.." 11do step 5 and 6

Step 5: Set mji = 3j/a;i

lmj; is a matrix with row 'j' and column 'i'. Bji is a matrix with

row 'j' and column 'i'. aii is a matrix with row'i' and column

", ]I .

Step 6:

[E, is a row matrix while E, is a column matrix. mji is a matrix

with row 'j' and column 'i'. Interchange the row of the

expression ErmjjEj with Ej.]

If a,m = 0 OUTPUT (' no unique solution exist'):

STOP.
. •.

Set X, = ~. n+ /~n (start backward substitution)

[X, is the intermediate solutions. ~,n+ I is a matrix of row 'n',

column 'n+ l' while ~n is a matrix with row 'n' and column 'n'.

The result of a;n+ /~n is substituted intoXnJ



Step 9: For i= n - 1, "'" 1, set

X. =~

[Xi is the final solution to the problem.]

Step 10: OUTPUT (X, , ...X, ); (procedure completed successfuliy.) STOP.

[Richard L. Burden, 1993].
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CHAPTER FIVE

SIMULATION OF TIME SERIES

This chapter presents the procedure for simulating the time series analysis model. The

case study of rice production in Nigeria from 1966 to 1996 is carried out to test the

practical usefulness of the model and simulation procedure. The output reports generated

were rcalised and meaningful in content and context.

5.1 The User Interface

The time series researcher simulates the time series model of Agricultural products via

the user interface in a top down manner and gains access to it by supplying valid user's

name and password, both of which serve as the access control mechanism.

A user interface design must take into account the needs, experience and

capabili ties of the system user [Sommerville 1., 1992]. Sommerville further stated that

the following general principles should guide user interface design.

a. The interrace design should use terms and concepts, which are familiar to the

anticipated class of users,

b. The interface should be appropriately consistent.

c. The users should not be surprised by the system.

d. The interface should include some mechanisms, which allows users to recover

from their errors.

e. The interface should incorporate some form of users' guidance.

Bearing these points in mind, the system 'design is user friendly, interactive, easy
") .~

to use and menu driven. Any option selected by the researcher from the menu and

submenu calls an inference procedure of a particular step in the simulation process. All

the inference procedures are interactive. This is done in order to cater for the needs of

both the experienced and inexperienced agricultural researchers in the use of computer
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systems, who may be interested in the use of t~ ...-,ackagefor time series analyses. A user

is given an opportunity to select a command from a menu by typing thefif§t letterofthat

selection or by navigating with the arrow (Cursor) keys to the desired option and pressing

the ENTER key to activate it or by using the mouse to choose the appropriate command.

The menu system resembles that of the State of Food and Agricultural Package

IFJ\OSTAT TS - SOFA96]. For example the proposed design is an improvement of the

SOI';\!)(>, The screen is well arranged according to the data to be analysed and end users

arc actively engaged in an interactive manner for the purpose of directing the simulation

process, whereas inSOF A96, one analysis stage automatically calls the other without end

user intervention. Users have the right to terminate operations and. exit the system

especially when it becomes necessary to do so. The user also has the option to back out

to the upper menu if desired. This is not the ease in SOF A96 case where end user will

not know what to do to quit the system especially when he or she has to quit operation

without carrying a process through to a reasonable conclusion due' to inevitable

circumstances. In SOFA96 it is assumed that, when one starts to analyse data, the

process will be carried to the end.

The top-down approach adopted in the user interface is decomposed into modules

and sub-modules for effective system development, operation and maintenance. The

various parts are put together to Conn a complete whole after each part has been

implemented, tested and found effective. The main sub systems are:

a. The logging subsystem

b. The file subsystem

c. The plot subsystem

d. Analyses' subsystem

c. Estimate subsystem ,

f. Output subsystem J ::
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g. Help subsystem

The structure chart of the design is shown in Figure 5.1.a through 5.1.d.

5.2 Simulation of Time Series Analyses

Simulation is, therefore, essentially a technique that involves setting up a model of a real

situation and then performing experiment on the model. The fundamental rationale for

using simulation in any discipline is man's unceasing quest for knowledge about the

future [Naglor H.T et aI, 1988]. The essence o~ observed data, usually ordered in time is
,

to study the past occurrences in order to use it to 'predict the future. The time series that

has been modelled in Chapter Four shall be used in our simulation.

The model of Time Series Analyses of Agricultural products is simulated on a

microcomputer with Microsoft Visual BASIC for windows, Version 4.0, for 16-bit

windows development [Microsoft Corporation, 1995]. The user gains access to the

main mend of the simulation process by supplying valid user name and password, which

serves as the control mechanisms to the system. Following this, the simulation process

presents a scenario of easy to understand menus and sub menus. The main menu bar

consists of, 'File', 'Plot', 'Analysis', 'Estimate', 'Output' and 'Help' menus. The menu

options are disabled until you click the menu with the mouse or nress AL T plus the, '

underlined letter in the menu. Navigate the menu by using the ARROW keys and make a

selection by highlightihg an item and pressing ENTER key. To back out of a selection,

press the ESC key. In using the mouse, the left mouse button selects an item and the

right mouse button acts as the ESC key.

Any option selected by a user from a menu or submenu calls an interface

procedure of a particular step in the time series analyses. The inference procedure is
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interactive in nature and guides the researcher intelligently but leaves him to make the' ,.:."'.

final decision.

The simulation program is Microsoft window based. At the windows desktop,,

double cl ick the projectfolder to open for you a number of icons, then double-click the

simulation program icon and the banner depicted in Figure 5.2 is displayed011 the screen.

The banner holdx Ior a short while on the screen before the login menu depicted in Figure

5.3 is displayed on the screen.

K.BSTSAAP Version 1.0a

Knowledge Based Server for
Time Series Analyses of
Agricultural Products

Being an M. TECH. Project Submitted to:

lndustriul Mathematics and Computer Science Department

lcdcral University of Technology, Akure

I lndcr the Supervision of: Prof. O.C. Akinyokun,
Professor of Computer Science

By: Mr. A. A. OBINIYI

Copyright © Obiniyi A.A. 1999.

.Figure 5.2: Opening Screen

! :
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KBSTSAAP Login

L--N_am_e: __ -----.:I IL--~_'': I

c-P_a_ss_w_o_rrl_: -'I 1 1
1

0K
1

I Quit I'
[ilease enter vour name:

Figure 5.'::' Login Menu

The user name and password are entered; subject to verification and validation the

main menu depicted in Figure 5.4 is displayed on the screen.

Knowledge-Based Server for Time Series Analyses of Agricultural Products x

Eile l?lot Analyses Estimation Output Help

II
! I

:=

Figure 5.4: Main Screen
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Knowledge-Based Server for Time Series Analyses of Agricultural Products x

Ei Ie £Iot Analyses Estimation Output Help

~

ew Product ~ Seasonal

Append Record

Edit Record

l
!Jekte Record

1\.11
I

The main menu has the options 'File', 'Plot', 'Analysis', 'Estimation', 'Output' and

'Help'. Clicking the file or pressing Alt -F displays the file submenus as depicted in

Figure 5.5. The selection of the option 'New Product' calls on the screen the submenu

depicted in Figure 5.6 and this gives room for the data entry for yearly data of the new

product which serves as the object of simulation at this point.

The append record submenu contains two other submenus namely, the seasonal and

yearly submenus which allows you to append data to a record. The menu shown in

Figure5.6 allows yearly data entry. Our emphasis is on the yearly data entry since our

simulation shall be carried out using the yearly agricultural data.

Choosing append record displays the submenu as depicted in Figure 5.7. This submenu

allows ) ou to add new data to the existing record; it also allows you to edit a record. The

file list box allows you to add a new data to the existing record by scrolling up and down to

select the option of agricultural products, such as beans and Cassava not in view in the file

list box. You can quit when you finish. Clicking the delete record in Figure 5.5 takes you

to the menu shown in Figure 5.8 which allows you to delete any agricultural data which is

no more useful.

79 .



I -New Product ~ II x

[iroduct: I I I

I Year:
I [ I

[ Quantity:
I I I

..

I OKAY I i-.
~

.------

,I, ' " "

Figure 5.6: Data Entry Submenu

-Append Record Menu r--l II X

· 'ilp Nnme: trok in' D I OKAY I
('\

IMaize.dat c---

~

I IRice.dat I--

EDITI-- ovb.Yam.dat .

I
1 1

I E.X.IT~

lc Observation:

:=J I I

Figure 5.7: Append Record Submenu

. I -Delete a Record .
~ II X

Fi Ie Name: look in'

I IDel I] OKAY

M aize.dat I

~

- I IRice.dat c----- ovb. Delete
Yam.dat

I--

I-- 1

I I1 EXIT

Figure 5:8: Delete Record submenu
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Knowledge-Based Server for Time Series Analyses of Agricultural Products x

Ei lc Elot Analyses Estimation Output Heir

Tunc Plot
Irend
Ikst Fit

Figure 5:9: Plot Submenu

-Time Plot Submenu ,..., II X

Gill' N"lllp' tf~\kin: D I OKAY I
1Muizc.dat -

~
I IR icc.dat -

EDIT-- ovbYiuu.d.u
I 1

I EXIT I
Initial Year: Final Year: )

I I I I

Figure 5, I0: Time Plot Submenu

The second session begins when the option 'Plot' is chosen in Figure5.4. At the

instant of selecting this option, the submenu depicted in Figure 5.9 is displayed on the

screen. This submenu presents the options 'Time Plot', 'Trend', 'Best Fit' and

'Correlogram'. Clicking the plot or pressingAlt-P displays the plot submenus as depicted

in Figure 5.9. Selecting the'Tin.c-Plot' option displays the submenu in Figure 5.10. This

submenu presents options of agricultural products that can be selected for time plot

analyses, for example in Figure 5.10, there are options of maize, rice and yam in the file

list box. At the selection of any of these products, there is a text box for the end user to

type in the initial year and the final year to be used for plotting the graph. The 'okay'

button can be ,pressed or press Alt-O for the specified data to be exported to the
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spreadsheet where the graph will be plotted. The data is exported to the spreadsheet by the

Lise or the graph control (Gf,'), object link and embedding (OLE) and the dynamic data

exchange (DDE) capability of Visual BASIC. In case there are needs for any recorded

data value to be modified, the edit button is provided to allow this. If the agricultural data

is more than what is seen in the file list box, a scroll box is provided to scroll to other

available agricultural products so that they can be selected for time plot analysis. The

spreadsheet made provision for the plotting of different type of graphs such as line, bar and

scatter graph. Line graph is used through this write up. Selecting the Trend submenu as

depicted in Figure 5.9 reveals other submenus such as Linear, Exponential and parabolic

submenus.

I -Linear trend Submenu ~ I I x
File Name: trok in- D IOKAY I

c.I

Maize.dat I

R ice.dat
f--

~
I II --

Ovb EDITYarn.dat f--

l '1 1

I EXIT IInitial ','ear: Final Year:

I ~ I , I

figure 5.11: Linear Trend Submenu

The submenu in Figure 5.11 is displayed at the instant of selecting the linear

submenu. This 'submenu presents options of agricultural products that can be selected for

linear trend analysis, for example, there are options of maize, rice and yam in the file list

box for selection by the agricultural researcher. A scroll bar is provided in case there are

more agricultural products than can be displayed in the file list view box. The scroll

arrows and the scroll box can be used to scroll up and down to select the hidden

agricultural products. On selecting any of the agricultural products, a text box is provided

for the end user to type in the initial and the final year to be used for plotting the linear,
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graph. In a situation where there are needs for any recorded data value to be modified, the

edit button is provided to allow this. The 'Okay' button or AIt-O is pressed when you

have finished for the data to be exported to the spreadsheet and plotted.

-Exponential Trend submenu ~ "
X

:j Ip Nrlllll" trok in' IJ I OKAY ICI

IMaize.dat

I
Rice.dat -

~

I IEDIT
Yam.dat - Dyb . I

'1

I EXIT I
Initial Year: Final Year:

[ J I 1

Figure 5.12: Exponential Trend Submenu

Next to the linear trend submenu as depicted in Figure 5.9 is the exponential trend

submenu as shown in Figure 5.12. The submenu presents options of agricultural products,

for example, maize, rice and yam that can be selected from the file list box for exponential

trend analysis. In case the agricultural products are not all displayed in the file list view

box, the hidden products can be displayed by using the scroll bar that is provided in the file
,

list box. A text box is provided to type in the initial and the final year to be used for

pllltting the exponential graph. The edit button is provided in case there is any data to be

modified. The 'Okay' button or AIt-O is pressed when you have finished for the data to

be exported to the spreadsheet and plotted.

At the instant of selecting the parabolic trend submenu, the submenu depicted in

Figure 5.13 is displayedOll. the Screen. The submenu presents the option of agricultural

products such as maize. rice and yam that can be selected for parabolic trend analysis. A

scroll bar is provided in case there are more agricultural products than can be displayed in

the file list view box. The scroll arrows and the scroll box can be used to scrollup and

down to select the hidden agricultural products. On selecting any of the agricultural
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products. a text box is provided for the end user to type in the initial and the final year to

be usedCor plotting the curvilinear graph. The edit button is provided in case there is any

data to be modified. Click the Okay button or press Alt-O when you have finished for the

data to be exported to the spreadsheet and plotted» "

-Parabolic Trend Submenu ~ II X

~jlp Nam e: trok
in- D I OKAY IC\

IMaizc.dat

~

1---

I II{ icc.dat EDITf------

Yam.dat
1

I EXIT I
I/litial Year: Final Year: •
I I I I

Figure 5.13: Parabolic Trend Submenu

~Ii X. Best-Fit Submenu

7j le N~l11p' trok if]"

0 I OKAY]
C\

~Maize.dat

~

IIRice.dat 1- EDITI---
ovbYarn.dat

1 . 1

I EXIT I
In itial Year: Final Year:

I I I I,.
ligure 5.13: Best - Fit Submenu

The best-fit model gets the best out of the linear, exponential and the parabolic

trend that fits the time series model best. Selecting the best-fit option in Figure 5.9, the

best- fit model submenu depicted in Figure 5.14 is displayed on the screen.

This submenu presents the option of agricultural products that can be selected for

lime series analyses. for instance, in Figure 5.14, there are option of maize, yam and rice.

In case the agricultural products are not all displayed in the file list view box, the hidden
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products can be displayed by using the scroll bar tliat is provided in the file list box. There

is tcxt box provided to type ill the initial and the final year to be used for plotting the best-

fit graph at the selection of any of the agricultural products. The edit button is provided in

case there is any data to be modified. The Okay button or Alt-O is pressed when you have

finished for the data to be exported to the spreadsheet and plotted.

• -Correlogram Submenu ~ II X

:il~ Name: trok ill'
D I OKAY I

('\

)Maize.dat I---

~
I IRice.dat 1- EDITI---

ovbYam.dat .)
1

I EXIT I,

lnitial Year: Final Year:

I I I I

Figure 5.15: Correlogram Submenu

The last submenu in the plot submenu is the Correlogram. This is the plot of the

autocorrelation function against the function itself. At the instant of selecting the
\) .'.

corrclograrn option, the submenu depicted in Figure 5.15 is displayed on the screen. A

scroll bar is provided in case there are more agricultural products than can be displayed in

the file list view box. The scroll bar can be used to scroll up and down to select the hidden

agricultural products. On selecting any of the agricultural products, a text box is provided

tor tile end user to type in the initial and the final year to be used for plotting the best-fit
,

graph. I J I situation where there are needs for any recorded data value to be modified, the

edit button is provided to allow this. The Okay button or Alt-O is pressed when you have

finished for the data to be exported to the spreadsheet and plotted.

The third session starts when the option 'Analyses' is chosen in the submenu

depicted in option Figure 5.4. Clicking the Analyses or pressing alt-Aaisplays the
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analyses submenu depicted in figure 5.16. This submenu has the options' Autocorrelation'

and 'Partial Autocorrelation'.

Knowledge-Based Server for Time Series Analyses of Agricultural Products

Eile Plot Analyses Estimation

1\ utocorrclat ion

I ';trt ial l\ IItOl'(lITL'I;lt ion

figure 5.16: Analyses Submenu

Selecting the 'Autocorrelation' option in the submenu displays the submenu

depicted in Figure 5.17. This submenu presents options of agricultural products that can

be selected lor the autocorrelation analyses, for example, there are options of maize, rice

and yam in the file list box. Scroll bar is provided for scrolling to display the hidden files

in case the data in the tile list box is more than what is viewed in the file list box. At the

selection 01" any 01" these products, there is a text box for the end user to typ.'i.in the initial

year and the final year to be used for displaying the autocorrelation data arid 'ploning the I

graph. The okay button can be pressed or press Alt-O for the specified data to be exported

to the spreadsheet where the graph will be plotted. The edit button is provided in case

there is a need to edit any data value.

Autocorrelation Submenu, _, ~ __ L_~_L~

L10k in-
C\ D
-- OKAY

~

:\ 1

Dvb

• 1

Maize.dat
Rice.dat
Yam.dat

EDIT

EXIT

Initial Year: Final Year:

L- ~ ~

ligure' 5.17: Autocorrelation Submenu
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At the selection of the option partial autocorrelation in the analyses submen~ ~e

I'Clrtial autocorrelation submenu depicted in figure 5.18 is displayed. The submenu of

agricultural products; for example, maize, rice and yam that can be selected from the file

list box I~'r partial autocorrelation analysis. In case the agricultural products are not all

displayed in the file list view box. the hidden products can be displayed by using the scroll

bar that is provided ill the file list box. There is text box provided to type in the initial and

the final year to be used for displaying the partial autocorrelation data and plotting the

graph. The edit button is provided in case there is any data to be modified. The Okay

button or AIt-O is pressed when you have finished for the data to be exported to the

spreadsheet and plotted.

I -Partial autocorrelation Submenu ~ II x

r:"ilp N"I11P' Lfok in- D I OKAY I
C:\

t.i.Maize.dat r-l-

I IRice.dat -- IT:\
i----

ovb ~ EDIT
Yam.dat I-

I 1

I EXIT I
Initial Year: Final Year:

C I I I.
I:igure 5.18: Partial Autocorrelation Submenu

Kllmvleclge-Basecl Server for Time Series Analyses of Agricultural Products x

Eilc £Iot Analyses Estimation Output Help

Yule Walker
HoJt.:...Winters

L-- ~

• I

Figure 5.19: lstimate Submenu



The fourth session begins when the option 'Estimation' is selected from the

submenu depicted ill Figurc5.4. At the selection of this option, the submenu depicted in

Figure 5.19 is displayed on the screen. This submenu presents the options 'Yule Walker',

and 'Holt-Winters'. Selecting the 'Yule Walker' option displays the submenu depicted in

Figure 5.20. This submenu presents the options of agricultural products that can be

selected for estimation analyses, for example, in Figure 5.20; there are options of maize,

rice and yam in thc file list box. Scroll bar is provided for scrolling to display the hidden

files in case the data ill the file list box is more than what is displayed in the file list box.

At the selection of any of these products, there is a text box for the end user to type in the

initial year and the final year to be used for plotting the graph. The okay button can be

pressed or press Alt-O far the specified data to be exported to the spreadsheet where the

graph wil] be plotted.

The next submenu to the Yule Walker submenu as depicted in Figure 5.19 is the

Holt- Winters submenu, which is displayed in Figure 5.21. The submenu presents the

options of agricultural products; [or example, maize, rice and yam that can be selected

from the file list box for lIoIt-Winters analysis. In a situation where the agricultural

products are not all displayed in the file list view box, the hidden products can be displayed

by using the scroll bar provided in the file list box. There is text box provided to type in

the initial and the final year to be used for displaying the Holt-Winters data and plotting

the graph. There is a provision for the edit button in case there is any data to be modified.

Press the Okay button or AIt-O when you have finished for the data to be exported to the

spreadsheet and plotted.
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Yule Walker Submenu ~ II X

;ilp Narnr- blOk itr =rJ I OKAY IC:\

1

~=
Maize.dat -

I IRice.dat . --
- Dvb ~ EDIT

Yarn.dat
1 ..-.'-

I IEXIT

Initial Year: Final Year:

I I I I

I:igllrc ).20 Yule Walker Submenu

-Holt- Winters Submenu ~ II X
r--

:j I" Nnmr-: trok ill' lJ I OKAY I('\

1Maize.dat 1---

~

I IRice.dat I----
EDIT

Yam.dat
I- Dvb

1 1

.

In itial Year: Final Year:

I I

Figure 5.21: Ilolt- Winters Submenu

The second to the last session starts when the option 'Output' is chosen from the

submenu depicted in Figure 5.4. Clicking the option Output or pressing Alt-O displays

(he Output submenu as depicted in Figure 5.22, this submenu presents the options of

,
agricultural products that can be selected for output. For example in Figure 5.22, there are

options of maize, rice and yam in the file list box. Scroll bar is provided for scrolling to

display the hidden files in case the data in the file list box is more than what is viewed in

the Iilc list box.' At the selection of any of these products and pressing the Okay button or

All - 0, another submenu called the print submenu is displayed as depicted in Figure 5.23.

This submenu is used to display the series data that could be printed such as time plot,

linear trend, exponential trend and parabolic trend. Scroll bar is provided for scrolling to
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Output Submenu
,

Il-. -, x; I

Filename: Look in:

I IDCI =rl OKAY

Maize.dat 1

Rice.dat L:JJ I canc~L.I.
Yarn.dat vb

1 1
--

I IExit

display tile hidden data in the file list box. At the selection of any of these products, there

is (\ text box for the end user to type in the initial year and the final yea~;t~~{t;e~;~JfJ~-·:·

printing the time series data. Selecting any of the time series data and pressing Print or

Alt - r prints the time series data. Press the cancel buttonto cancel the submenu and the

action taken so far and then return to the output submenu.

--------------------------------------------,-- .------
Print Submenu :x

D

Cancel

Time Plot

Linear Trend

Exponential Trend

Parabolic Trend
~

:\ 1

ovb
1

Print

Initial Year: Final Year:

Figure 5.23: Print Submenu

.
The last option in the submenu depicted in Figure 5.4 is the Help menu. This menu

contains the' Introduction to KBSTAAP', 'Tutorial' and' About KBSTAAP'. Selecting

the optiou 'Introduction to KBSTAAP' gives a brief introduction to the software as

depicted in Figure 5.24. At the instant of the selection of the 'tutorial' option, the submenu

presents a list of tutorial topics that will assist the users in understanding the software as

displayed in Figure 5.25. This submenu presents the options of tutorial topics that can be

selected for explanations. For example in Figure 5.25, there are options of 'starting

KI3STAAP', 'Looking over the KBSTAAP', "Selecting a menu' and 'Working with
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Kf~STAAP files' in the file list box'. Scroll bar is provided for scrolling to display the

hidden files that are in the file list box. Pressing any of the topics in the lUtorial option

displays a step by step explanation on how to use the software based on the topic selected.

Clicking the option About KI3STAAP displays a screen that gives a brief explanation

about who produced the software and where it was produced as displayed in Figure5.26.

'.

lntmdllGtiouJo KBSTA AR

Welcome to KBSTAAE...

Click on Tutorial to get a step by step instruction on this package.

This package provides a time series analyses of agricultural

products. About KBST AAP gives a brief explanation about who

produced the software and where KBSTAAP was produced.

Figure 5.24: Introduction to KBSTAAP

-Tutorial Submenu ~ II X

l low to Lise KBS'I /\;\1'

I Okay I
Starting KnS'r;\;\p 1

I Il.ooking over the KBSTAAP screen Cancel
Selecting a menu

1 I IWorking with KBSTAAP files Exit

figure 5.25: Tutorial Submenu

About KBSTA Ap

KBSTAAP is a time series analyses package produced as an M.
\) ~".i

Tech. Project, and submitted to the Industrial Mathematics and

Computer Science Department, Federal University of Technology,

(FUT). Akure, by Mr. A. A. Obiniyi, under the supervision of Prof.

o.c. Akinyokun, Professor of Computer Science, FUT, Akure.

figure 5.20: About KBSTAAP
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5.3 A Case Study of Rice Production in Nigeria from 1966 to 1996

Rice production in Nigeria from 1966 to 1996 shall be used for the case study. The

simulation has been run in parallel with FAOSTAT TS using the Rice production in

Nigeria from 1966 to 1996 and the result is found to be the same in the extent to which

FAOSTAT TS was developed as presented in Chapter three.

5.3. t Time Plot of Rice Production in Nigeria from 1966 to 1996

Time Plot is normally the first step in time series analyses and the purpose is to identify

some particular characteristics present in the time series data. To this, the simulation uses

the Graph Control (GC), Object Link and Embedding (OLE) and the Dynamic Data

Exchange (DOE) features or the Visual BASIC to plot the graph. The Graph Control (GC)

acts as a link between the application and the graphic service graphing and charting library.

The Object Link and Embedding (OLE) allow the display of data from many different

applications in which it was. created. Using the Sm-eadsheet application in OLE exposes a

worksheet micro sheet, chart, cell or range of cells, as different types of objects. The OLE

container control creates a link object in the software. Dynamic Data Exchange (ODE) is

an established protocol for exchanging data for active links between applications that run

under Microsoft windows. It allows applications to directly exchange and continuously

exchange data with other. windows-based applications that support DOriI, tMidrosotl

Corporation, 1~95]. In all, GC, OLE and DDE are windows based, hence, used to

support the production of this software. Line graph, bar graph and scattered graph are the

three main method of graphing adopted in this thesis, though, it is only the line graph that

is printed and attached to this dissertation.
,

To start the simulation of the time series analyses, double click the project folder on

the Windows '95 desktop and then double click the simulation icon to display the screen

depicted in Figure 5.2. The correct users name and password are supplied to the system in
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Figure 5.3 to display the main menu screen in Figure 5.4. The data of rice production in

Nigeria displayed in Figure 5.27 is supplied to the system.

New Product I ~x

I RiceProduct: I

Year: I

I Quantity: I

1966

1199

I I' OKAY 1 EDIT I I EXIT I

~------------~

Figure 5.27: Data entry submenu

The simulation allows you to append a new data to the data entered earlier; the

caseor rice produced in Nigeria is depicted in Figure 5.28. It also allows the editing of the

input data at will. The data that are entered is used by simulation package to produce the

following statistics:

Number of years in Estimation= 31

Minimum = 199

Maximum = 3303

Range = 3104

Average = 100.129

% Range = 3.226

Mean = 1373.065

STD = 1065.420
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-Append Record Menu ~ II X

:ilp N~lI1p· t~Okin- D I OKAY Ic:,

1Maize.dat I---

~

I IRice.dat I;--

Dvb.
EDIT \

Yam.dat"
I---

I 1

[ EXIT I
Year: Observation:

I 19Ci'i I I lR'i I
)

Figure S.28: Append record submenu

With reference to Table 5.1, it is seen that the year with the highest production in
-:j :¥

thousands is 1989. This might be due to government policy such as the increase in

fertiliser supply and the people's attitude to grow more rice. This increase in the attitude

of the people to grow more rice may be due to the increased cost of living. 1966, which

was the first year in the estimation, witnessed the year in which the least rice was grown in

Nigeria.

This might not be unconnected with the fact that the people have not got much

interest in rice production. Also, the consumption of rice in Nigeria as at that time must be

very low. The time plot shows a lot of variation in the growth of rice in Nigeria between

1974 and 1978 with the least produced year within the period being 1976. This might be

due to instability in government and government policy around that time.:

The year 1986 to 1989 witnessed a steady growth in the production of rice in this.•
Nigeria with a lot of variation from the year 1989 to 1996. The growth of rice production

from 1986 to 1989 and the constant fluctuation from 1989 to 1996 must also have

connection with the external and internal policy of the Federal government and the

people's disposition to growing rice. The time plot of rice production in Nigeria as shown

in Table S.I is presented in figure 5.29.

In other to remove or reduce the variability present in the series and to transform to

additive model, the log transform of the series is taken and time plot of it is plotted. It is
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observed from the time plot that the series contains the trend and little seasonal factors.

The graph is shown in Figure5.30. The simulation produces the following statistics.

Number = 31

Mean of log transform= 6.8701

Variance oflog transform= 206.1042

Standard deviation of log transform= 14.3563

The software can furtherhe used to analyse the linear, exponential and parabolic trend of

the time series in other to forecast the future production ofrice in Nigeria.

TABLE 5.1: Log Transform of Rice Production in Nigeria from 1966 to 1996

SINo
..-::-:-~

Observation Log TtansformYear

1. 1966 199 5.2933
, .~

2. 1967 385 5.9532

3. 1968 353 5.8665

4. 1969 352 5.8636

5. 1970 343 5.8377

(I. 1<)71 388 5.9610

7. 1<)72 447 6.1025

8. 1973 487 6.1883
•

9. 1~74 525 '6.2634

10. 1975 504 6.2226

11. 1976 218 5.3845

12. 1977 408 6.0113

13. 1978 515 6.2442 r.

14. 1979 750 6.6200

15. 1980 1090 6.9939

16. 1981 1241 7.1237 .

17. 1982 1250 7.1309

18. 1983 1280 7.1546

19. 1984 1300 7.1701

20. 1985 1430 7.2654
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Table 5.1 Continued

SINo Year Observation Log Transform

21. 1986 1416 7.2556

22. 1987 1780 7.4844

23. 1988 2081 7.6406

2£1. 1989 3303 8.1026

25. 1990 2500 7.8 240
26. 1991 3226 ~.O790,

27. 1992 3260 S.08~5

28. 1993 3065 8.0278

29. 1994 2427 7·7994

30. 1995 2920 7.9793

3' .. 1996 - ~.~": ~ ., 3121 . ..•..~"':,~--- _, __ •• r JL0462 ..
. , : :;. - '~ .;. . i .•..-..;;.; 1, t .J"-4o;

.. - ~~- . -'1. - . ~. ,
, .

"11;'-- -- -- --- .jJ

/- : "., ~t:~j~
, ,

--- ~~-
T., .,..;}.

:'/" '-

J..

:\~jr~:
~)~:(:.. ~~'
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Fig. 5.29: Time Plot of Rice Production In NigerIa from 1966 to 1996
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5.3.2 Linear Trend Analysis of Rice Productionin Nigeria from 1966 to 1996

..
The simulation of time series gives a lot of freedom in the analyses oNftta:':~§TMf'~tf'of''I'T''''' '.

year could be chosen [rom the data keyed in for data analyses. The range of years that

shall be used in the trend analysis of rice production in Nigeria is 1966 to 1996. The

simulated time series produces the table for the years in question. Furthermore, it produces

the statistics for the years as follows:
-; '"-;!

.•. The equation is given by:

~

Y. = -385.1677 + 109.8895t ------------------------------5.1

Total Sum of Square (SST) = 35188693.8710

Residual Sum.of Square (SSR) = 29947750.2726

Sum of Square Error (SSE)= 5240943.5984

St(llldard Error ofthe Estimate (SEE)= 425.1143

Coefficient of Determination R2= 0.8511

Coefficient uf Correlation R' = 0.9225

Adjusted coefficient of correlation R= 0.8459

Standard deviation = 982.8817

Analysis of Variance

'OJ)
v •

Due to DF SS MS= SS/DF

Regression I 29847750.2726 29947750.2758

Residual 29 5240943.598<1 80722.1930

Total 30 35188693.8710

F-Ratio = 165.7115

Looking at the trend produced, it is seen that the slope bt was computed to be

385.168. It implies that for each increase of one unit production of rice in Nigeria in time

(t), the value of 9 which is the dependent variable increases by 109.8895 units of rice

production. Thus for each increase in a year of rice produced in Nigeria, the fitted model

predicts that the production will increase by 109 metric tonnes of rice. They intercept is

computed to be --385.1677 when time is zero. -This is expressing the portion of the
••
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production of rice that varies with factors other than time since the time (t) can never be

zero. The regression model is used to predict the future production of rice in Nigeria as

seen in Table "5:2and depictedin Figure 5.31.

from the table, the predicted value for the year 2002 is 3680.7444, which is in

thousands. This implies that the predicted average yearly production for the year is

36807444 metric tones of rice. The coefficient of determination, which is attributed 'to

I

time (t), is 85% while the remaining 15% are attributed to factors other than time. This

maintains the fact that, there is strong relationship between rice production in Nigeria and

time. The standard error of estimate (SEE) which measures the variability around the,

lilted regression line is 4251143 while the standard deviation which measures the

variubi lity around the arithmetic mean is 9828817. The"correlation between the amount of

rice produced and time is 92%, which further indicate a very strong relationship between

the rice production and time. Furthermore, the 86% adjusted coefficient of correlation

between rice production and time symbolises that the relationship between rice and time

can also be explained with respect to multiple regression models - adjusted for number of

predictors and sample size. It can also be tested whether a significantrelationship exists

between rice production in Nigeria and time(t) by using the null hypothesis. If the

hypothesis is rejected, one concludes that there is the evidence of a linear relationship. The

null hypothesis could be stated as follows:

1-("= I~I = 0 There is no linear relationship between the dependent variable and

the explanatory variable.

HI = PI.=F 0 There is a linear relationship between the dependent variable and the

explanatory variable.

, ; il \ ! : III'

Using the F-test in the analysis of variance table at 0.05 level of significance, it is

discovered that the critical region, F29, 1 (0.05)= 4.17<165.712. Thus the criticalregion

(rejection region) of the F table in the Four-Figure Table, that is, F29 at .05 (5%) level of
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significance with the number of explanatory variable (p) equal to1 (t) and the degree of

freedom (n-p-l) equal to 3Q, we have F29, 1 (0.05)= 4.17<165.712. The decision rule

stated that whenF calculated is greater than F taken from the Four-Figure Table theHe

hypothesis is rejected while the HI is accepted. Now the F calculated in the analysis of

variance is 165.712 while the F from the Four-Figure Table is 4.17. Hence the Ho

hypothesis that there is no linear relationship between rice production in Nigeria and time

is rejected and -,the fact that is a strong linear relationship between rice, pr().ducti<;>p':in,"-, ..
, " •.••.• } ••.•..••. -t,' .•T•..·~·~~·,; ',/.;!tJ

~ or-:: • ~. . . ..',:~' .f~!. ~':.~:'.~"r:;~~

Nigeria and time is accepted.

TABLE 5.2: Linear Trend Analysis of Rice Production in Nigeria from 1966 to 1996

SINo Year'
-~-- ----_.-I. 1966

2. 1967

3. lq68

4. 1969

5. 1970

(). 1971

7. 1972

8. 1973

9. 1974

i 10. 1975

Ill. 1976
1

12. 1977

13. 1978

14. 1979

15. 1980

16. 1981 .

17. 1982

18. 1983

19. 1984

20. 1985

Observation Trend Residual
_.,-------

199 -275.2782 474.2782

385 ,-165.3887 550.3887

353 -55.4992 408.4992
,.

352 54.3903 297.6097

343 164.2798 178.7202

388 274.1694 113.8306

447 384.0589 62.9411

487 493.9484 -6.9484

525 603.8379 -78.8379

504 713.7274 -209.7274

i 218
,

823.6169 -60~S:6769.
408 933.5065 -525.5065

515 1043.3960 -528.3960

750 1153.2855 -403.2855

1090 .1263.1750 -173.175

1241 1373.0645 -132.0645

.1250 1482.9540 -232.9540

1280 1592.8435 -312.8435

1300 1702.7331 -402.7331

1430 1812.6226 -1.R2.6226
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TABLE 5.2 Continued

SINo Year Observation Trend Residual . .-. .- .

I21. 1986 1416 1922.5121 -506.5121 I
22. 1987 1780 2032.4016 -252.4016

')'1 1988 2081 2142.2911 -61.2911~J.
"

\

24. 1989 I 3303 2252.1806 10".0.8194I
,

25. 1990 2500 2362.0702 137.929f, I

26. 1991 3226 2471.9597 754.0403

27. 1992 3260 2581.8492 678.1508

28. 1993 3065 2691.7387 373.2613

20. 199.4 . 2427 2801.6282 -734.6282

:\0. 1995 2920 2911.5177 8.4823

:\1. 1996 3122 3021.4073 100.5927
I,
i 32. 1997 3131.2968

:n. 1998 3241.1863

:\4. 1999 3351.0758

1
35. 2000 3460.9653 I

I
I 3(). 200] 3570.8548 I
I

Ii -; 7. 2002 3680.7444
, i

.\S. 2003 3790.6339 I
39. 2004 3900.5234

I

·W. 2005 4010.4129

41. 2006 . 4120.3024
. - .-

'<ourcc: Food and Agricultural Organisation
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, -10QQ I I ~I t-ig. 5.31: Linear Trend Analysis and Residual of Rice Production in Nigeria from
I 1980 to 1996 and Projection to 2006
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5.:1.:1 Parabolic Trend Analysis of Rice Production in Nigeria from19l. to 1996

Applying the equation:

2
Y I = 212.4675 +1.2286t + 3.3957t ------------------------------------ 5.2

The statistical analysis, and analysis of variance of the parabolic trend is given below:

Tot;1I Sum of Square (SST)=35188693.871 0

Residual Sum of Square (SSR) = 31772147.0207

Sum of Square Error (SSE)= 3416546.8503
.. '"

Standard Error of the Estimate (SEE) = 343.2375

1

Coefficient or Determination R~= 0.9029

Coefficient of Correlation R = 0.95021

Adjusted Coefficient of Correlation R= 0.8996

Auulvsis 01 Variance
• i

Due to DF

Regression 2

R L'S id u;1I 27

Tol;1I 20

F-R;ltio =

SS MS=SS/DF

31772147.0207 31772147.020

3416546.8503 117811.9603

35188693.871 0

269.6852

The observation, trend and residual of rice production for the years 1906 through 2()()() is

given in Table 5.3 and the graph is drawn in Figure 5.32.

I\s depicted in Figure 5.32, the parabolic data is plotted from Table 5.3 to see how

wr ll the curvilinear regression model of the time series analysesfits the original data.

lrom the equation 5.2 in the statistical analysis above theYI intercept can beinterpreted to

IllC;11l that the predicted yearly rice production in Nigeria fora start without <lny prcvioi s

]llutillCl1l1ll is ..!.1..!.,1(175metric (UIIIlCS.



L\BLF 5.3: Parabolic Trend Analysis of Rice Productionin Nigeria from 1966 to

1996

Year Observation Trend Residual
I

19M) 109 217.0916 -18.0946

1%7 385 228.5072 156.4928

II <)6i) 353 •.246.7140 16.2859

I()()() 352 271.7122 80.2878

1970 343 303.5017 39.9176

IlJ71 388 342.0824 45.9176

1972 447 . 387.4545 59.5455

19n 487 439.6179 47.3821

1074 I 525 498.5726 26.4274.

I I()75 504 564.3186 -60.3186
I
il()7() 218 636.8560 -418.8560

; 1977 408 716.1846 -308.1846
I

1

1978 515 802.3045 -287.3045

i 1979 750 895.2158 -145.2158

11980 1090 994.9183 95.0817
i

i 1981 1241 J101.4122 139.5878

11lJ82 1250 1214.6973 35.3027

1983 1280 13334.7738 -54.7738

1984 1300 1461.6416 -161.6416

L 1985 1430 1595.3007 -165.3007
I

I 98C)
I

1416 1735.7511 I -319.7511

1987 1780 1882.9928 -102.9928

1988 2081 2037.02585 43.9742

1989 3303 2197.8501 1105.1498

1990 2500 2365.4658 134.5342

1991 3226 2539.8728 686.1272
I
I 1992 3260 2721.0710 538.9290

i 1993 3065 2909.0606 155.9394
i
i 1994 2427 )103.8415 -676.8415

1995 2920 3305.4136 -385.4136

1996 3122 I 3?13.7771 -391.7771
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TABLE 5.3 Continued

I SINo Year ...-' . Ohservation Trend Residual

32. 1997
3728.9319

33. 1998
3950.8780

34. 1999
4179.6154

35. 2000
4415.1441

I

3(). 2001
4657.4642

37. 2002
4906.5755

\

38. 2003
5162.4782

1
19

.
2004

.• 5425.1722

2005
5694.6574

40.
I
I 2000

5970.9340
\ 41.
~

----

Source: Food and Agncultural OrgamsatIOn
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Moreover, to interpret the coefficient t and t2, it is seen in Figure5.32 that rice

production rises with longer years of production. The coefficient of determination (R2) of

the curvilinear model says that90% is attributed to time (t). The remaining ]0% is

attributed to other factors apart from time. This is strongly supported by the high

correlation of 95%1 between riee production inNigeria and time. The adjust d coefficient

of correlation of 89% also takes into account the number of explanatory variables and the

number of degree of freedom.

In this. parabolic trend analysis,P=2, since there are two explanatory variables,t

and it's square(t\ The standard error of estimate, which measures thc variability around

the fitted regression line, is3432325.

The explained sum of square (SSE) and unexplained sum of square (SSR) are

l41 ()54685026 and 317721470207 respectively, while the total sum of square(SST) is

l51886938709. The total sum of square (SST) is a measure of variation of theYt values

around their mean. The SST can be divided into the following two categories.
,

;i The explained variation or sum of squares "due to regression (SSR). that which15

attributed to the relationship between rice production and time.

h. The unexplained variation or error of sum of squares (SSE), that which is attributed

to factors other than relationship between rice and time.

Although, the least square method results in the line that fits the data with muumum

amount of variation, the fitted equation is not a perfect predictor unless all~h('ohs.. ed

data points fall 011 the predicted regression line. Just as we cannot expect a I the observed

values to be located at the arithmetic mean, in the same way, all data points arc not

expected to fall exactly 011 the regression line. The regression line servos,IS an

approximate predictor of the production of rice(Yi) value for a given value or time (t).

i '
Thus the statistics that measure the variability of the actual production(Xi) values from the

predicted value (Yi) is the standard error of the estimate (SEE).

IOi../ _



Now that the curvilinear model has been fitted to the data, it co1 be used to

determine whether thereis a significant curvilinear relationship between riceproduction in

Nigeria Y: and the number of years of pro duet ion, that is, time (t). The nulland alternative

hypothesis call be set lip as foilows:

~
Ho = [)I 7:- 0 There is no relationship between rice productiont Yi) in Nigeria and timc(t).

III' Pi = 0 There is relationship between rice production(Yr) in Nigeria and timcu).

The hypothesis can be tested using anF-ratio test as indicated in the analysis of

variance table given by the package as31772147.0201117811.9604 = 269.6852. Thus the

critical region (rejection region) of the F table in the Four-Figure Table, that is, F27at .05

1

(YX)) level of significance with the number of explanatory variable(p) equal to 2 (t and C)

and the degree of freedom (n-p-l) equal to 29, we have F27, 2 (0.05)= 4.18<269.6852.

,
The decision rule stated that when F calculated is greater than F taken from the Four-

Figure Table the He hypothesis is rejected while theHI is accepted. Now the F calculated

ill the analysis of variance is 269.6852 while the F from the Four-Figure I'anlc is 4.18.

Hence we reject theHe and accept the fact that there is a strong relationship h;l'scen rice

production in Nigeria and the time.

:).:1.4 Exponential Trend Analysis of Rice Production in Nigerian from 1966 to19%

The exponential trend analysis is a very important tool when a series appears to be

incrcasi ng at an increasing rate such that the percentage difference from observation to

observation is-constant. Applying the equation:
i

VI = 214.1775 *( 1.0985/

The statistical analysis and the analysis of variance of theexponential trend analysis is

given below:

Tnt;t\ SLlIll of Square (SST) =9:1049793.2247

IZc:-,idll~lI SU1l1ul' Square (SSR)- 89881128.1304

II\V



SUIll or Square Error (SSE) =3168665.0943

Standard Error of the Estimate (SEE)=411.4440

Coefficient of Determination R2 = 0.9659

Coefficient of Correlation R = 0.9828

.'\dj Listed Coefficient of Correlation (Adj. R) = 0.9648

.. Mean ::= 6.8701

Analvsis of Variance

Duc: to Dr SS MS=SS/DF

Regression 89881128.1304 89881128.1304

Residual 29 3168665.0943 109264.3136

Total 30 93049793.2247

I:-Jbtio ,-- 822.6028

From the above statistics, the slopebo, which is the estimate of ": intercept, is

214.1775, b: which is the estimate of the annual rice production rate is 1.0985mod t is the

time. The Y intercept of 2141775 metric tonnes is the fittedvalue-represent.ng production

ill tile first year 01- the series data. The value 10985 metric tonnes of rice arc theannual

production rate. The simulated time series uses this value to calculate the forecast of the

1

series data by substituting for the time (t). The 97% coefficient of determination(R ') is

nttributcd to time while the remaining 03% are attributed to factors other than thetime.

The coefficient of correlation (R), which is 98%, stresses the fact.hat there is :1

strong relationship between rice production in Nigeria and the time(t) it is produced. The

adjusted coefficient of correlation of 96% also takes into account,tl-c number of

explanatory variables as the degree of freedom in the series. The cxpl. incd sum or

square (SSE) and unexplained sum of squar~ (SSR) arc 341654685026and 3177' 1"17(21)/

respectively, while the total sum of square (SST) is 351886938709. The 'o[;liS'!l1i 01

Ill' )



analysis of variance is 822.6028 while the F from the Four-Figure Table is 4.17. Since the

calculated F value exceeds the critical F value (822.60>4.17), the decision is to reject Ho

and accept the fact that there is an exponential relationship between the dependent variable

and the explanatory variable. The table of the above analysis is produced in Table 5.4

while the figure is produced in Figure 5.33.

TABLE 5.4: Exponential Trend Analysis of Rice Production in Nigerian from 1966

to 1996

SINo Year Observation Trend Residual
.

'J. 1966 199 235.2770 -36.2770

2. 1967 385 258.4550 126.5450

'"\ 1968 353 283.9165 69.0835.1.

4. 1969 352 311.8863 40.1137

5. 1970 343 342.6114 0.3886

6. 1971 388 376.3664 11.6365

7. 1972 447 413.4405 33.5595

8. 1973 487 454.1702 32.8298

9. 1974 525 498.9124 26.0876

10. 1975 504 548.0622 -44.0622 ,

II. 1976 218 602.0540 -384.0540

12. 1977 408 ·661.3648 -253.3648

13. ] 978 515 726.5185 -211.5185

14. 1979 750 798.0908 -48.0908
~

15. 1980 1090 876.7139 213.2861

16. 1981 1241 963.0825 277.9175
.

17. 1982 1250 1057.9597 192.0403

18. 1983 1280 1162.1835 117.8165

19. 1984 1300 1276.6749 23.3251

20. ]985 1430 1402.4463 27.5547

21. 1986 1416 1540.6059 -124.6059

22. 1987 1780 1692.3771 87.6229

2:\. ]988 2081 1859.1000 221.90()()
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TABLE 5.4 Continued

-----~--- .. --
SINo Year Ohservation Trend Residual

24. ]989 3303 2042.2475 1260.7525

I'; 1990 2500 2243.4374 256.5625

I ;~). 1991 3226 2464.4475 761.5525
I

I ,- 1992 3260 2707.2302 552.7698, - / .

I
28. 1993 3065 2973.9303 91.0697

29. 1994 2427 3266.9042 -839.9042

30. 1995 2920 3588.7401 -668.7400

31. 1996 3122 3942.2813 -820.2813

;1 1997 4330.6513j • _.

..,...,
1998 4757.2812.'..1.

34. 1999 5225.9401,
35. 2000 5740.7685

3(). 2001 6306.3147 I
37 2002 6927.5752

38. 2003 7610.0385

39. 2004' 8359.7341

40. 2005 9183.2851

41. 2006 10087.9675

. Source: Food and Agncultural Organisation
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5.3.5 Diagnostic Checking of Linear, Parabolic and Exponential Trend Analyses

The simulatioil used the residual method of diagnostic checking to check the adequacy of

the fitted models. The residual method is the difference between the observed and the

fitted value as discussed in sections 2.14 and 3.7.

The residuals of the linear, parabolic and exponential trend analyses of rice

production in Nigeria from 1966 to 1996 are produced in Tables 5.2 to 5.4. The graphs are

also displayed from Figures 5.31 to 5.33. The method with the least residual of all the

models analysed revealed the most adequate method of time series analyses for a particular

product. In this case, of rice production in Nigeria, the most adequate model so far

discussed is the parabolic trend analysis. This is gotten from the mean absolute deviation

(MAD) discussed in 3.12 and 4.0.

5.3.6 Principle of Parsimony of Linear, Parabolic and Exponential Trend Analyses

Principle of parsimony is the act of selecting the simplest model that gets the time series

problem solved. Choosing a forecast is an estimate of a future outcome of a random

process, which can be associated with a measure of the goodness of our estimate. The

residual analysis and the measure of the magnitude of the forecasting error otherwise

known as the unexplained variation or error of sum. of squares (SSE) were printed with the

linear, parabolic and exponential statistical analyses. If these two methods have been used

to analyse the 11lC,lSUreof fit of the data and it is not satisfactory, the simulation process

provides yet another good method which is the best-fit method.

There are different methods of getting the best fit of data. The measure that most

researchers seem to use often for forecasting the appropriateness of various forecasting

models is the mean absolute deviation (MAD) discussed in section 3.12 and 4.0. The

simulation tested the three models (linear, Exponential and Parabolic) for the bestfit. The
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best fit got from the case study is the parabolic trend analysis of rice production in :,\igcria

from 1966 to ] 996 as seen in Table 5.3 and displayed in Figure 5.32.

5.3.7 The Holt-Winters Forecasting Metbod

The Holt-Winters forecasting method is a sophisticated extension of tile exponential

method of smoothing. Essentially, the method of exponential smoothing derives it's11,11llC

from the fact that it provides us with Exponential Weighted Moving Averages(EWivIA)

through the time series; that is, through the series eaeh smoothing calculation or forecast is

dependent upon all previous observed values. Though, this is an advantage over the

moving averages (MA) which does not take into account all the observed values. 'I he

moving averages (MA) is fully described in sections 2.7.3 and 2.13.3

Holt-Winters technique is a good method in moving averages (MA) that3110\\'5 far

the study of trend through immediate and/ or long term forecasting into the future. It

provides for the study of over all movement level and future trend in3 series. that is. it

makes provision for any upward or downward movement, such as horizontal projection

like that of the mean forecast method. The mean forecast method is a method that

forecasts the value of the series to be equal to the mean of the series at time periodt.

The simulation process provides the table for the series data and the'n ' years ahead

prediction of the Holt-Winters forecasting model using equations 4.2 and 4.3. Tile table

for the ten years ahead prediction is in Table 5.5 and Figure 5.34. The Iiolt- \\'inters

forecasting model is best explained with the graph. Viewing the graph in the Figure 5.3-+' it

seen that the Holt- Winter model is the best forecasting model in that, thc trendIo llo« the

observation closely.
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TABLE 5.5: Holt-Winters Forecasting Method

SINo Year Observation Trend Residual
.- ---

I 1966 199 - -
2. 1967 385 385 0

3. 1968 353 '419.7806 -66.7806

4. 1969 352 422.0008 -70.0009

). 1970 343 414.0107 -71.0107

6. 1971 388 454.2416 -66.2416

7. 1972 447 511.5224 -64.5524
.

8. 1973 487 553.1103 -66.1103

I). 1974 525 591.4305 -66.4305

10. 1975 504 575.7694 -71.7694

II. 1976 218 314.0999 -96.0999

12. 1977 408 463.4496 -55.4496

13. 1978 515 574.2611 -59.2610

14. 1979 750 798.0841 -48.0841

15. 1980 1090 1127.6282 -37.6282

16. 1981 1241 ' 1294.6972 -53.6972

17. 1982 1250 1317.9234 -67.9234

18. 1983 1280 1347.3137 -67.3137
I

19. 1984 1300 1368.1588 -68.1588

20. 1985 1430 1488.3349 -58.3349

21. 1986 1416 1486.4108 -70.4106

22. 1987 1780
.

1817.4776 -37.4776.
23. 1988 2081 2121.1836 -401836

24. 1989 3303 3260.5371 42.4629

25. ]990 2500 2632.3490 -132.3490

26. 1991 3226 3236.4720 -10.4720

27. 1992 3260 3321.7831 -61.7831

28. 1993 3065 3152.0111 -87.0111

29. 1994 2427 ,2556.1516 -129.1516

30. 1995 2920 2951.1543 -31.1543

31. 1996 3122 3170.5245 -48.5245

32. 1997 3334.3722
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TABLE 5.5 Continued

SINo Year Observation Trend Residual - --

33. 1998 3498.2200

34. 1999 3662.0677

:15. 2000 3825.9154

36. 2001 3989.7632

37. 2002 4153.6109

38. 2003 4317.4586
.•

39. 2004 4481.3063

40. 2005 4645.1541

4l. 2006 4809.0018

Source: Food and Agncultural Organisation

..
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5.].8 Model Identification of Rice Production in Nigeria
'.

The following three main tasks are involved in model identification:

a. Preliminary identification.

b. Order determination.

c. Estimation of parameters.

5.3.8.1 Preliminary Identification

To identify the models normally, at least the sample autocorrelation and partial

autocorrelation functions are used (2.14). To determine the order of the AR model, the

minimum theoretical criterion (AlC) discussed in section 2.14.1.2 is used and the Yule-

Walker (2.13.1) is used for the estimation of the parameters. The goodness of fit of each

model is tested with the residual method. The AlC estimate shown in Table 5.6 is a table

showi ng the values of an information criterion at different lags (2.10). The first column

shows the lags differences. The second column through the sixth column shows the values

of eachAlC at different lags.

The simulation used the data fed into the system to calculate the sample

autocovariance function {Ck}\=1 from which it produced the autocorrelation function11< =

cr/co as reviewed in 2.9. It also produces the first difference of the autocorrelation

function as shown in Table 5.7 and the correlogram displayed in Figure 5.35. the

autocorrelation function (R«) of the first difference in Table 5.7 shows the autocorrelations

at different Jags. The fist column shows the lags differences, the second column through

column six shows the values of each autocorrelation function at different lags. The

correlogram is useful in identifying which type of the ARMA model that gives the best
,

representation of the series as discussed in section 2.12 and 2.14. The simulated time series

made use of the general class of AR(p) models as discussed in section 2.13.2.

11C)



5.3.8.2 Order Determination

To determine the order of eachAR model the simulation used theAle in 2.14.2.2.

Assuming the n01111a1distribution for equation 2.41, it is used to calculate the value ofAle

(p) for the AR(p) model fit for p=1 ,2,3, ... n. In the case office production in Nigeria,

IF 31. The best model is the one for which theAle is least.

TABLE 5.6: AIC(K) Estimate of the first ~ifference (\7Xt) at Lag K of Rice

Production in Nigeria

i
...

3 4 5 6i 2

Lag I 5 106.3037 158.7616 336.9903 346.4969 353.7703
.

l.<lg 6-10 357.3970 374.5369 379.89027 386.3569 394.6969
.-

Lag 11 - 15 419.6969 437.3703 459.2969 467.0303 499.8503

I Lag 16- 20 582.6303 589.3303 627.5033 683.3303 757.1027

i Lag 11 r 778.0970 794.3013 853.2369 877.0303 917.8903-)

Lag 26- 30 966.2569 966.4169 977.0503 977.2703 3812.2303

AIC(D) =341.8300

Variance =208.4491

TABLE 5.7: Autocorrelation Function (Rk) of the first Difference (\7Xt) of Series X,,

r I 2 3 4 5 6

Lag I - 5 0.8823 0.0117 0.7300 0.5032 0.4010

Lag 6-10 0.3214 0.2016 0.1206 0.0400 -0.0436

t Lag I I -- IS -0.1200 0.1801 -0.1914 -0.2404 -0.2808

I Lag I ()- 20 -0.3212 -0.3510 -0.3701 -0.3911 -0.3903
I

Lag 11 - 25 -0.3822 -0.3713 -0.3114 0.4707 -0.2900

I l.ag 10- 30 -0.2442 -0.1805 -0.1340 -O.l 008 -0.0604

Number of Observation = 31

l\'lcall of the series of first difference (\7Xt) =1372.2134

Variance = 1174800

Slamlard Deviation = 1083.9000
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5.3.8.3 Estimation of Parameters

The Yule Walker equation (2.50.1) was used for ti:e estimation of the parameters of each

model. The partial autocorrelation coefficients were obtained as shown in Table 5.8 and

the graph in Figure 5.36. The solution of the Yule - Walker equation is usually the same

with the Levison Durbin algorithm (~ , - .:).

5.3.9 Diagnostic Checking of Autocorrelation and Partial Autocorrelation

'~";' ~ . '''-'.,. .~'.-,:' ,:~:.:.'

The simulated time series analyses compute the residuals for each sample autocorrelation

with the test statistics R = NI:r\(E:) under the hypothesis that the model is adequate. A

significant R indicates model inadequacy.

The series for a first difference(\7Xt) of autocorrelation function (RK) of rice

production in Nigeria from 1966 to 1996 is displayed in Table 5.7 and the correlogram in

Figure 5.35. From the Table 5.6, it can be seen that the AlC contains a minimum at lag k=l

(i .e. order 1). Figure 5.35 shows the correlogram of the series(\7Xt) of autocorrelation of

rice production.Tt is required that the autocorrelation function satisfies difference equation

(H I) )J1k = 0, k > p where p is the order of the fitted model. This implies that the zero of ~(~)

lies outside the unit circle of the stationarity of the written process. The correlogram shows

no trend, seasonality is not prominent. The partial autocorrelation in the graph shown in

Figure 5.36 cuts the abscissa after lag 1 indicating an AR process (model) of order 1 as

appropriate for the series. All values ofQkk after lag 1 lies within the ±2/(N)"" = ±0.3592

limit line.

Tables 5.6, 5.7 and 5.8 contain the AIC estimates obtained from the senes,

autocorrelation function(n) of the first difference (\7Xt) and the partial autocorrelation

(Qu) function of the series respectively. The table in Table 5.8 shows the partial

correlation function for the first difference at different lags. Column one depicts the

di fferent lags. Column two through six reveals the' ; of the autocorrelation functions

• • t ~ • \.:
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at different lags. The minimum AlC== 106.3037. It is appropriate at lag one given AR(1)

as an appropriate model for the series ~Xt. That is the model that best describe the series

is: Xt = 0.8823Xt-i + t

TABLE 5.8: Partial Autocorrelation Qkk for'. the first Difference (V'Xt) of Rice

Production in Nigeria from 1966 to 1996

1.1
2 3 4 5 6

! Lag 1 - 5 0.8823 -0.1411 0.0001 0.1436 -0.2843

Lag 6-10 -.0.0112 0.1104 -0.2008 0.0500 -0.0643

Lag II- 15 -0.0732 -0.0123 0.1835 -0.1504 -0.0115

Lag 16- 20 0.0602 -0.0706 -0.0313 -0.0504 -0.0811

Laa21-25 0.0510 -.0210 -0.0804 -0.0217 -0.0910
I ""
! Lag 26- 30 0.1012 -0.0203 -0.0623 -0.0304 -0.0105
!

The estimated error variance (S2 ) of the fitted model is 1174800. The process is

clearly stationary since \0.8823\<1. The residuals of the diagnostic are computer using,

Xi - 0.8823Xt-i = ~t

5.3.10 Forecasting

So far, the simulation bas been used to identify, formulate, estimate, forecast the:

some models and diagnostically check the models that best describe our series. T.1

the preliminary analyses in section 5.2.1 to 5.2.8, we have adequately been able to c e

the behaviour of the series of rice production in Nigeria within the period of study (1966 to

1996). Thus in this section 5.3.10 the autocorrelation and partial autocorrelation of the

series shall be used to forecast the future value of our series, rice production in Nigeria for

effective and result oriented national planning and management decisions. The model of

the series of partial autocorrelation is Xi= 0.8823Xt-1 + ~t
)
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Where X, is the series, 0.8823 is theo, X, - !fepresent the different of the series at lag and

[,I is the error term (2.13.5).

The mean of the series is 1372.2134

Estimated error of themodel is 1174800
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Using the formula 2.45, the minimum mean square error predictor orm-step a head

predictor, the simulation computed the result and combinedit with theserieS"ffiita-t()lgeAfi~'- _.

lorccast. Since the mo-tel fll;lf is bing used is built using the seriesof the first difference

or our series data, there is the need toconvert theseries of the first difference back to the

original series before any meaningful forecast of the future values of the series could be

made. The simulated time series did this by denoting the original series by Fh and the first

di ffcrcnce by Xi: By the definition of first difference in equation 2.16,

XI = 'VAl = AI - AI-I which implies

AI + I = = AI + I = AI + 1 - At

so that

AI = XI + AI-I

AI + I = AI + 1 + AI

Note that XI is the series of autoregressive proce~s of order oneAR(I), At stands for the

di fferent operator while At - AI -I represent the first difference operator (equation 2.16)

Using these equations and taking 1997 as the first year origin(t), the simulation package

computes the forecast and presents the result in Table 5.9.

TABLE 5.9: Forecast Value from 1997 to 2006 of Rice Production in Nigeria Using

the Result of Autocorrelation and Partial Autocorrelation Method

(Yule-Walker)

~/No Year FO.·CCRSt Value

I. 1997 4061.08l1

2. 1998 4248.582~
"

3. 1999 4439.263:-~

4. 2000 4633.5441

5 200] 483 I .RO/D

(J. 2()O2 5034.4223
--'--_. ---
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Table 5.9 Continued
,

SINo Year Forecast Value

7. 2003 5241.7312

8. 2004 5454.0807

9. 2005 5671.7636

10. 2006 5895.1105

Source: rood and Agricultural Organisation

In conclusion, an attempt has been made to look at the least square method and

moving average- method of forecasting to see the one that is best for time series forecasting.

A brief look is also made into the autocorrelation and partial autocorrelation function to

deduce whether a series follows AR(P) or MA(P) or not and used it to forecast into the

future. It is discovered that thc parabolic trend produces the best-fit method in theLSM.

The 1I01t-Winters method which is a sophisticated extension of the exponential smoothing

is till; only one considered in 1110vi:-;gaverage forecasting method because it is a method

thllt docs not allow computed data point to be missing at the beginning and at the end of

the series. Jt is observed that Holt-Winters forecasting method follows the observations

and proves to be the best method of forecasting.
/'

"
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CHAPTER SIX

CONCLlJSION AND RECOMMENDATION

This chapter gives the conclusion and recommendation of the dissertation. Section 6.1

presents the conclusion while section 6.2 presents the recommendations.

/'

6.' Conclusion

In this thesis, a model Time Series Analysis (If Agricultural products has been formulated

simulated to assist agricultural researchers in their researches. The implementation has

. been done on an IBM Compatible Pentium microcomputer running windows '95. The

Visual BASIC programming language 4.0 with it's powerful, user friendly, object link and

embedding, dynamic data exchange, graphic control and interactive features has been

employed as the. implementation language.

The simulation programme has been designed to provide an intelligent, menu

(I..; "en and user friendly interactive system, which will assist the agricultural researchers in

carrying out their statutory responsibility of:

a. Storing data collected from the farmers through the agricultural extension agents.

b. Studying the systematic changes in the stored data, which may be linear, quadratic

or exponential function of time.
- ,,-\ • I -, .1 ,

\

c. Applying the principle of parsimony and model identification in determine the most

efficient model to their data analysis

d. Analysing the autocorrelation and partial autocorrelation of the stored data.

e. Forecasting !he future yields of agricultural products.

The simulation of the model has been mindful of the fact that the agricultural

researchers, though experts in their own fields may not be computer experts, as such, the

system has been designed in such a way that no serious formal computer training shall be
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needed to handle the package. Most of the selections are made from menu choices and

when users need to type responses, they are in many cases a single character or in few

number of cases a few strokes of keys or use the mouse to highlight and click menus. The

simulation is a full window based package which can be activated by clicking on it at the

desktop.

The simulation programme proposed in this thesis is an improvement on the

FAOST AT TS - SOF A96 that was designed by FAa as a time series package. SOF A96

was the only package found to be a time series package during the course of the research.

The mathematical model of the common forecasting models such as measures of variation,

Yule - Walkers method which were not considered in SOFA96 have been formulated,

tested with sample data and the result obtained proved to be meaningful in practice.

The case study of rice production in Nigeria from 1966 to ]996 has been carried

out and the following results were presented.

a. Table of log transform of rice production in Nigeria from 1966 to 1996 is presented

in Table 5.1.

h. Graph of time plot of rice production in Nigeria from 1966 to 1996 is presented in
/

Figure 5.29.

c. Graph of log transform of rice production111 Nigeria from 1966 to 19% IS

presented in Figure 5.30.

. d. Table of linear trend analysis and residual of rice production in Nigeria from 1966

to 1996 with the projection to 2006 is presented in Table 5.2.

e. Graph of linear trend analysis and residual of rice production in Nigeria from 1966

to 1996 with the projection to 2006 is presented in Figure 5.31.

f. Table of parabolic trend analysis and- residual;f rice production in Nigeria from

1966 to 1996 with the projection to 2006 is presented in Table 5.3.
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g. Graph of parabolic trend analysis and residual of rice production in Nigeria fromI

196G to 1996 with the projection to 2006 is presented in Figure 5.32.

h. Table of exponential trend analysis and residual of rice production in Nigeria from

1966 to 1996 with the projection to 2006 is presented in Table 5.4.

I. Graph of exponential trend analysis and residual of rice production in Nigeria from

,'.
1966 to 1996 with the projection to 2006 is presented in Figure 5.33 .

•

.I. Table of Holt-winters forecasting method is presented in Table 5.5.

k. Graph of Holt-winters forecasting method is presented in Figure 5.34.

I. Table of An Information Criterion (AlC(K}) estimate of the first difference (V'Xt)at

lag K of rice production in Niger-a is presented in Table 5.6.

m. Table of autocorrelation function(Rx) of the first difference (V'XI ) of the series Xt

is presented in Table 5.7

n. Correlogram of autocorrelation function (Rx) of the first difference (V'Xt ) of the
/

series XI is presented in Figure 5.35.

o. Table of partial autocorrelation function (Ri) of the first difference (V'Xt ) of the

series Xt is presented in Table 5.8

p. Correlogram of partial autocorrelation function(Rk) of the first difference (V'XI ) of

the series Xr is presented in Figure 5.36.

q. Table of forecast value from 1997 to 2006 of rice production in Nigeria using the

result of the autocorrelation and partial autocorrelation method (Yule Walker) is

presented in Table 5.9

Th; l-ase study shows clearly the efficiency of computer system as an aid to time series

analyses research. Hence, it is pertinent that the software is used in all agricultural

research institutes.
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6.2 Recommendation'

Since farm input and output conditions vary over time, farmers and government must find

ways of keeping abreast of the effect such changes will have over their particular farm

operations, This necessitates the study of time series analyses, which is an aid in

controlling present operations and planning for future need of forecasting, Although

numerous forecasting methods have been developed with a goal to making prediction of

future events so that projection can be incorporated into the decision - making process.

Most of the works done in this thesis have been based on the time series analyses of yearly

farm products with a case study of rice production in Nigeria from 1966 to 1996. Thus, the

software is recommended to agricultural researchets in this regard. But there is stillroom

lil!' a lot or research in the time series analyses0;- the seasonal variations with 'inputs such

as thc hourly variations, daily variaticns, weekly variations and monthly variations. The

study of this-will enable researchers to concentrate on small details like the irregular

variations, the cyclical variations and the seasonal variations rather than only the trends,

The time series analyses could be broadly divided into the time domain and the

frequency dornain. The time domain.with emphasis on the secular variation has adequately

been dealt with in this research. The frequency domain which is a major characteristics or

sinusoidal waves and very ·•.ital to geophysical and petrochemical development is kept

constant and left for future research.

Forecasting is a world of its own. Forecasting models are generally classified as

time series models, econometric models and quantitative models. The first two are

projection techniques that involve the fitting of a theoretical model to a sample data set.

An assumption underlying both econometric models and time series models is that sample

observat ion from a random process provides' a random process of future activity. The

difference between these two classes of models is that econometric~-~(klc: llc:P ;1'I,,;l;::Irv

variables, as predictors and time series models do not. Time series models are pattern '

, '
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fitters relying on an extension of internal components while the auxiliary variables of the

econometric models are the one or more equations that describe therelationshipamong _.
. __ \ Ill .. ," ._ '.' •

several economic and time series variables. Thatis, the relationship that exist between a

dependent variable representing time series and any of a number of independent variables.

Quantitative models are designed for forecasting the input and output of a newly

introduced farm. product such as the introduction of grapevine to Nigeria and other cases

••
where historical sample data arc 110t available. A further research istherefore

recommended in these areas.

/
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/' GLOSSARY

Ale An III form <I lie n Criterion

AR(P) Autoregressive Process of order P

ARMA Autoregressive Moving Average
':

DDE Dynamic Data Exchange,
EMWA Exponcntin] Moving Weighted Average

FAO Food and Agriculture Organisation

FAOSTATTS Food and Agriculture Organisation Statistical Time Series

(jC Graphic Control

LSM Least Square Method

MA Moving Average

OLE Object Link and Embedding

R Coefficient of Correlation

R adj. Adjusted Coefficient of Correlation

1(2
Coefficient of Determination

,
SOFA 96 State of Food and Agriculture 1996

SSE Error of Sum of Square (Explained Sum of Square)

SSR Regression Sum of Square (Unexplained Sum of Square)1

SST Total Sum or Square

STD Standard Deviation
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