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ABSTRACT

Time series 1s a sel of observations measured at a successive interval of time. It involves
the projection of [uture values of a variable based entirely on the past and preseni
observations of that variable. The first step in time series analyses is the time plot. Tune
serics mondels such as, the hinear trend analysis; exponential trend analysis, parabolic
Irendd anmalysis, Yule Wnlkc_r and Holl -Winlers lorecasting models were reviewed,

The comparative study of these models was made. The principle of parsimony is
used 1o get the best fit out of the linear, exponential and parabolic trends. Model
identification is applied to the Auloregressive Process ol order p, Moving Average
Process of order q and the Autoregressive Moving Average Process of order p and g.
Functions used for the model idenlification are autocorrelation and partial
autocorrelation. 3y

The mathematical model of the time series analyses is presented. A Knowledge
Based Scrver for the Time Series Analyses of Agnealtural Produets is designed and
inplemented. A case study of nice production in Nigeria from 1966 1o 1996 s camied oul

and projection made {o the year 2006. The result obtamed from the case study proved o

be meaningful in practice.
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CHAPTER ONE

OVERVIEW OF RESEARCH

1.1 Introduction
Agnculiural rescarch in Nigeria is assumed to be as old as the country itselll 1 stariex
Tronn the planting of gardens near the courtyard and the establishment of Botameal gardens
o commencement of a research station at Moor Plantation Thadan in 1893, The
Departments of Agniculture Tor the Narthem part and Souther part of Nigeria eame inlo
existence in 1912 and the two were amalgamated in 1914 with internal self-govermment
n 1953, Regional Depariments of Agnculture were established for Westemn, Northem and
Eastern region and the three departments held annually conlerences to discuss agricullural
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 yiclds,  BExamples e adoplion studhes on improved lechnology i coreals bke
maize, sorghum, millet and rice; legumes such as groundnul, 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 accepling o now 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 (X,)

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

enough to enable vital statistical inferences to be drawn.

-
B

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



measitte current economie aclivities os represented by statistics of price, production,
trunsporiation, hinking and agncaliure. The components of lime series are:

. Ihe course or the temd the series will 1ake i the absence of disturbing factors.

v
o

The cychcal fluctuations or waves like disturbances corresponding, for example,

to movemenl of the trade eyele or the stock market,

'k Seasonal variation -associsted wiath the harvest, (he weather, Chrisimas, other
festivals and possibly with the varying length of the monih.

i, Catastrophic movement caused by unusual or unexpected movement, for example,
the Maitatsine's crisis of 1981 in Kano, the Kafanchan - Zana religious crisis of
1987 and the Zangon-Kataf ethno-religious conflict of 1992 in Kaduna Siate.

e Residual varations, which include all movements not already mentioned in (1) 1o

(]} abovie.

1.2 Motivation for Research

Time senes malyses 15 used (o forecast Tulure events. I is applicable 1o many
imporkin elds of lile especially those (hat measure currenl economic aclivities as
represented by statistics of price, production, transportation and agriculture.

Time series is a vital tool to agriculiural 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 supp[;.-' in the developing countries including
Migeria, Thus, there is the special need o study the past production trend in other o get
a better projection into future vields,

Time series analyses 15 ime demanding and involves complex calculations, more

sy, there are few experts i the field. Most of the lime senes work are done manually, In



some cases where compuler is used, it is used parfially, 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 ol time series
analyses. Mosi of the statistical packages around such as the Statistical Packages lor Social
Scientisis (SPSS) version 4.0 and System Analytical Statistics (SAS) version 6.04 do nol
madde provision for tine senes analyses, There is the need Lo develop a soflware Tor lime
series analyses of agriculiural products.

The focus of the Federal Government ol Nigena for some times now has been i
agriculture starting from the Operation Feed the Nation (OFN) of 1977 o the Green
Revolution of the [980s, The federal government of the past and present regimes got a lod
of suppont from the Workd Bank 1o develop the agricullural sector. Some of these projects
are the Agncultural Huvck:pmnltt Projects (ADPs) and the different projects channelled
through the various agrnicultural research institutes in the country.

Research work in the field of agriculture requires efficiency, accuracy and speed
which can best be provided through compulenzation. With the knowledge Based server,
timely and up - to - date research analyses will be easily generated for the World Bank

E |
assisted projects, local and miernational journal ]:l?'cﬂmlnliﬂn.

1.3 Ohjectives of Research

The objectives of the study are:

fl Fo develop an imelhgent, menu-driven and user friendly interactive system which
will assist agricultural researchers in carrying out their statutory responsibilities

with o view to enhancing their performance. Since most of the researchers are nol



1.4

2%
computer literate, the menu-driven and user friendly system can easily be used by

them o achieve their desired goals.

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

Torassist i feedmg the nation {Nigeria) by means of better agricultural production
forecast through the analysed data, The resull of the analysed data, if well
disseminated through the agricultural extension agents to the farmers will increase
yields, therehy making more food available in the market.

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

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

Research Methodology

The stages of the research methodology are:

I

Study of some existing popular time series models, particularly those applied in the
Mational Agriculiural Extension and Research Liaison Services, and the Institute
lfor Agricullural Research, Ahmadu Bello University, Zaria will be carried oul.
survey, collection, verification and validation of the data that can be used lor the
analyses of the time serics models will be camied out.

A Literature review ol existing and popular knowledge based server will be carried
ol

Evolve a Time Series Model for agneultural products and simulation of the model

with sample data..

50



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 Agrnicullure Organization Statistical Time Series (FAQOSTAT
TS8) is reviewed in chapler three. In chapter four, the modelling of a Time Series
Analyses lor Agricultural Products is carnied out. Chapter five presenis the simulation of

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



CHAPTER TWO

REVIEW OF TIME SERIES ANALYSES

2.1 Time Series

Time senies is a sel of observations measured al successive period of time { Anderson D.R. et
al, 1981), We denote a time series by | X,] where .'-'i'.., i5 the observed value at time ‘1°, Time
serics [ X,] consists of numerical data recorded ot intervals of time and are usually serially
eorrelated, The interest is on the nature and degree of dependence (serial correlation) between
consecutive observations. For example, the annual production of maize in Nigeria over a
number of vears lorms a lime series on the variable ‘'maize’. The hourly temperature or the
monithly rnlalls laken m strategie 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, Y,.... of

variable Y at time 4, 1, ... Thus Y is a function of t, symbolized by Y=£{t),

2.2 Stochastic Process
A stochastic process {X(1)] is a family of rmu:lm::; .!.-'arinh!en indexed hy the symbol *t" where
1" belongs to an index set *T". The corresponding probablistic model, usually called a discrete
stochastic process, 15 a family of (real valued) random variables {X,} where t varies over the
integers, that is. 1= 0, 21 £2.23,... X, is also referred to as discrete parameter process.
Seasonal erop yvields, monthly sales of commodities, daily rainfall in a town and so on are
examples of stochastic processes.

IFa<t<b, then X{t) is referred to as a continuous parameter process. One can convert

from a continuous parameter stochastic process (o a discrete parameter stochastic process.



23 Time plot
A plot of observation {X,} against time 't §s ealled time plot. It is usually the first step ina
time series analyses and the purpose is to identify some particular characteristics inherent in

the time series data.

24 Classification of Time Series Movements.
Thime series are classified nto four main types which are referred 1o as components or

varintions of time series [Fons CR1, TURS] These components are;

a Trend or secular movement
ko
b Cyelical movemnent
0 Seasonal movements
. Irregular or random movements,

Ihe Trend or Secular Movement is the effect of the observation m-:asu.;nd al successive
poidits i lime over a long period. Insecular movement the value of the variable tends to increase
or decrease over a long period of time. Thus a time series dala contains a trend if its mean
changes systenutically with time. The systenutic changes may be linear, guadratic or exponential

function of time. The steady increase in the cost of living recorded by the increase in the cost
ol [irming mput i recent years 15 an example of ;Eculnr movement, We denote the amount of
trend in a time series at time ‘t" by T,

I'he Cyelical Movement refers to the long time oscillation about a trend or curve, The
cveles or trends may or may not be periodic, that is, they may or may not follow exactly similar
patierns after a long period of time. Since the periods are irregular, cyclical variations are
dilficult wo isolate from the trend, so it is classified along with the trend. The value of a evclical
variatien at ime 't” is denoted by C,. For example, in agricultural production, there are some

vears when there 15 bumper harvest while al some years there may be lean harvest. The time

between the bumper harvest and the lean harvest 15 at least one year and it can be as many as five

v
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or six years. In business and ceonomic aclivities, the trends are considered cyclical only if they
recur alfler o time interval of more than a year, The business cycle represents intervals of
prisperity., recession and recovery [Lerim LR 1990

The Seasonal Movement involves an identical pattern of changes within a vear that tends
tir b rupeulénl.l'mm vear o year. Such changes are due to recurring events which take place
annually. Seasonal variation at time *t' is denoted by 5. In Nigeria, there are some periods of
the year when some agricultural products such gsgmaize, beans, rice and so on are very cheap
while at the other par of the year they are costly.

The Trregular Movement 15 also ealled random, residual or accidental movement of time
sertes.  |he variation cannol be foreseen. hence cannol be 1solated directly. Irregular variation
e he sporadie notien o the me series due 1o chanee events such as Mood, draught, strikes in

agricultural farms, pests, even pelitical and religious crisis. [t 15 oblained by deducting other

variations irom the time series X, Imegular variation at time “t is denoted by 1.

2.3 (Ohjeetives and Uses of Time Series Analysis
Patrick Henry i his Speech at the Virginia convention, Richmond, March 23, 1775 said, | have
porte Pemnny By which my feet arve puided, that is the lamp of experience. | know po way of fudging
the fretnire bt by the past. Thus, the basic assumption underlying time series activities are that
those patterns which have influenced patterns of economic activities in the past and in the present
will continue to do 50 in more or less the same mannet in the future, Hence the major goal of
time series analyses is o identily and isolate these ::mf'l wencing factors for predictive (forecasting)
purposes as well as for marginal planning and control | Berenson MLL et al, 1986]. Time series
is used for the extrapolation. imerpolation and control activities ol the series analyses.

Mathematically. the basic idea of time series is that if given a set of observations (X, X, X,...

X, ) then value of the observation at time “t+1°, *t+2', ... *t+k’ should be able to be estimated.



2.6 Decomposition of Time Series Models

Times series does not necessarily contain all the four components discussed in 2.4, [t contains
the irregular variation and some or all other variations, The two commonly known ways by which
the time series components interact are; i

) Additive model

b Multiplicative model

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

Ay I ) 2.1
where

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

T, = amount of Secular movement at time {

€, = amount of Cvelical movement at time 1

5, = amount of Seasonal movement al time 1

1, = amount of Irregular movement at time {

The model assumes that the effect of the seasons, the cyeles, 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 agnicultural 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 of the effect of the trend,
seasonal. cyclical and residual or irregular variations, that is,

X =TSl —— 22



where X,, T,,C..5,, and 1, are as delined in equation (2.1).
The multiplicative model can be transformed inrl:t.'fuddiﬁﬂ: model by the use of the following
logarithm transformations:

log X, =log T, +logC, +log §,+log|,

that is

e T o 23
Since the evelical vartation cannot be easily isolated from the trend, it is classilied with the trend
given

X, =T, + 5, + |, (for additive model }---eneszua- 2.4

x, = 1, + 5 + i, (for multiplicative model}--—--2.5

Either of these models can be used to effect the decomposition ol the time series. The lirst
step 15 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
g detrended series which expresses the effect of the seasons, the cycles and the residual
components.

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

X, =T, =58+ C +1 foradditive model «ceeeas 2.6

and

‘,—' = 8,00, for multiplicative model-----------2.7

I

['he mean of the detrended series is then taken day by day, month by month or quarier by quarter
o produce estimates of seasonal components 8, so that a deseasonalised or seasonal adjusted
series can now be obtained as

X, -85, =T,+C, +1 foradditive model -=-eeneeanaa 2.8



L8O for mltiplicative model--—-———-—~- 2.9

I his is most valuable o the agricnlturist who wishes to know whether a change from
month o month or guarer (o guarter 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,

A detrended, deseasonalised series can also be oblained hy:

X - T, - 5, =C, + |, (additive model)}—-—--—2.10

X
T_:!' = C.A  for multiplicative model----------- 2.11
i

In conclusion, €, can be oblained by smoothing the joint C, and I, component and is as before
eliminated,

The irregular or residual movement is gol by

X, =T, - 58, - £ = | {additive model}eememeseeees2, 12

and

——t— = I for multiplicative model-----——-——- 2413

2.7 Estimation of Time Series Components
(ine of the terms series components is the trend. The estimation of the trend can be carried oul

with any of the lollowing methods, B

11



270 Frechamd Method or Curve Fitling

Fhe Treehand method or curve filting consists of fitling o trend line or curve by looking at the
praph. Each of the point of the examination are plotted systematically on the graph. Individual
judgement are used to draw an approximating curye to fita set ol dotie. The disadvantage of this

methed is that il is subjective in nature,

2732 Hemi-;’}wrng{{h‘lethnd

I'he 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
vach ol the average are plotted on the graph. Compute the mean of each part ol the average,
leaving oul the middle years iF the number 15 odd, Take the number closer mean of the years.
Used this compute the trend value, Draw the graph of the line connecting the point, This provides

iomueh better estinmiate of the trend 1o be made relative be free hand curve method.

273 Maoving Average Method

I'he moving average method is highly subjective and dependent upon the length of the period
setected for constructing the averages. 'Toeliminate 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 crrmp;i‘t; the moving average, sum up the first ‘n’
observations and divide by *n’ so that the trend value for the middle period of the 'n’ observations
vany e estimated by the mean. Drop the first observation and include the (nt+1) giving the new

average period.  The trend value for the period *t° using a five (3) period moving average i3

M (3 X N Ty e 2.13

1.2

.i|l=_|
5

while the peried Tor ‘141" 18

12
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B

If 'n" is even. "n’ is calculated using the ortginal data by a process called centering.
Centering involves computing a twe-point moving average of the moving averages. This method
s not allow tor the calculation of the trend value for the first and the last “p-1' time periods.
e mcving average method lacks mathematical regularity of form and can only be extended for
prrposes ol projection by a free hand lechnigue. hence does not allow for efficient forecasting.

L]

Fhis method is explamed i full in2.13.3.

274  Least Square Method
The least sgugre method invelves fitting a trend 1o the time series data.  Years, quarers and
months are converled into units around some arbitrary origin. The origin is centered at a point
st that the sum ol the time units is equal 1o zero, Hence the linear equation arising from the linear
trend given by:

Y= 0=+ X, + € cerrmsnremanaranaas 2|5
where

¥ =ependenl variable or time serics vulllrf al time |

n = number of observation

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

|V = regression coellicient or rate of an increase of Y per unit increase i X (the slope of

e by

A=set of observation at time t

and

£, = random error to:

Y, =ne cemunnn -8

TX Y= PR, i

13



such that the estimates of < amd [§are grven by

ZT, aivd ZK. Y, respectively

T2
I Y,

Uhe least sgquare method allows for the calculation of trends for the entire senies. 11 can
also be vsed to i an exponential curve and gquadeatic curve but we have only discussed the linear

trenel, The irregular variations and the seasonal variation can be estimalted as discussed in sections

2.4, 38

24 Stationarity of Time Series

A time series [X, ) is said e be statienary i there is no systematic change in the mean and
y

vartnee in addition o the ahsence of all the periodic movements,  In other words, [X,) is

stationry 1 1t has no trend. oo seasonal variations and ne systematic changes in its mean and

variance.  Thus, a lime series with only the irregular variation s said (o be stationary.

Most of the theorics of times series analvses are based on stationary series, hence il is
regguired that o non-statiomary serics be transtormed o o shtionary series. Farlhenmore, the
veonomies of many countries are growing and so are their agricoltoral productions,  Thus the
epical economic lactor containg trends through time which may either be in the mean, the
variance or both [Fuller AW 1976). More so. most time series are non-stationary and removal
ol trends and seasonal varations render it stationary

A time series X} 15 said 1o be strictly stationary if the joint probability distribution of
X K o X0 Tor admissible set (. G o L) 15 invariant under a translation of time axis.
Hence. for strict stationaniy. it requires that the probability density of {X,,. X .. X} be
cauivalent to that of X, - X, .o X, 00 which is most of the time impossible to check. Thus,
the definition 15 weakened 1o stationartv of order m.

A lime series (X, s sakd 1o be stationary of order m il Tor any admissible sets {1, 14, ..

14



1.4 and for any k. all the joint moments of {X,,, X, .. X,,} up to order m exist and are equal to
the corresponding joint mament of
P e ks oo Ko r P 1o order mowhich is
0 [0 0 G R B 0 i
= Bl a) 1 X% 00
lew bl e, i, . ¢
Sach
1R i ...‘l ¥=m
In particular getlinga == ., =y =10
and k = -1 we have
XD ] =0KL 0 = (KLY
which is the definition of E for all a < m
Therefore, 3
EHX L 0 =B (o0
FRX X, )"
[wetion of s-1 only fore + 3 - m

Atmme senes (X s sand o be weakly statienary A0 i is stationary of order 2 and the

Lol o g haolel:

1. E{X,) = w.a constant
b, E{X,) = &, a constant
= EEX. X, b = a [unction of s-1 alone,

289 Coneept of Differencing
Most of the time series [X,] encountered in practice are non-stationary bul are vsually

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

15



serie LR i stationary 10 has no trend. no seasonal varations and no systematic changes in its
v el varigmee. Thas, ot serjes with only the imegular variation is said to be stationary,
hat is, the varince ol the series does ot change with time.  The first difference of a non-
stutionary series 15 defined as:
VX, X=X, - T,
When o stitionary series is dillerenced K times, it redoces fy o new Hime senes;

bt = VX of length N-K where N s the length of the origimal Lime series.

200 Autocorrelation

Autocorrelation refers (o the relationship, nol between two (or more) different variables, but
between suceessive valucs of the samee varables |Kontsoyiaommis, A, 1987]. In other words, let
Mo Ko X denote the time series process | X} (n-1) points of observations can be formed as
follows (X, X0 (X X UK, X)) (5 . X, ), hence, the correlation coefficient between X, and

X, 15 piven by

o
LY, =N R5)
o e e e 217
we i
= 2 N )
(IR | o2

wherne

K
o
T'_.
[
e

16



YoX -y -m)
[ |

i‘:t't‘r_ﬂl
i1

Fora large n, ris approximately given by

Sincer, measures the correlation hetween suceessive observations, it is called an avto
comelation coctlicient.  That s 1, measures correlation between r, amd r, , which means the
vorrelation between one point of observation and the next, The distances between these points
are called lags and ry is called autocorrelation of lag 1.

4 < F - 3 R,
Acsumple autocoreelation of lag K s giving by

l=

I L AR S )
r Mt . e
i IJ.I i ¢
> o :
".l]
vedere &k - 1.2.3....n~1

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

; i s - - I ; Vg
presduects ad e particular level, hence Wi very usthul in model identilication,

201 Awtocovariance
e convcarinnee between one observation X, and }{J_L separated by lag k interval of time is called
e autceovariance of lag k and defined as:

h =cov X X..4)

g R EETH N & ST
Ko=), =, L

Where u = E(X,), a constant for all & 15 the mean of the process which defines the level

about which the process Muctuates and is always assumed lo be zero,  The sel of 1, is called

1-f



aulocovarianee lunction i1t isa continuous function and sulocovariance sequence if il is discrete.
Aute covanance of lag zero is
= B, - ud X, .= il
= ENX, - pY|
= Variancel(d) of the serics
-k} = X - X - 1R
Peting sk hen - stk
And k) = B X, - ud X -ul =1
Hence, if-k) = 6 (Le r,) isan even funclion

Iherefore, {n, ! = |in}l

212 Correlogram
- &

The plot of the antocorrelation function p, apainst K where

Pt
d

where k= 001230 -
15 villled the correlogram as seen in section. By plotting p, against k, some important functions

such as e following are depicted in the graph:

H Whether the series is a purely random process.

h. Whether it contains a trend or not

v Whether it containg seazonal variation

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

| he correlogrom decays 1o zero very slowly i the sertes contains trends which imply that
the series is non-stationary.  Apain, if the seasonal variation is present, the g:urmlugram will be

i the lorm of sinusoidal waves which decay to zero very slowly. Sinusoidal waves appear most

18



in the frequency plain of the time series (X,).  Though the time domain and the frequency
domain are nol necessarily separable Tor one to oblain a realistic solution 1o a real life problem,
e decision varinble relating 1o a frequency demain has to be kepl constant  while the other
vartes, sinee this rescarch work s imore related 1o lime domain, the freguency domain will be
wssamed constant. Consequently, the frequency domain which 13 a major charactenstics of
sinusondal waves will nol e congidered as a decision variable in Uus research,  The correlogmm

decays 1o zero last il the time series 15 stalionary.

213 Time Series of Probability Maodels

A sequence (5] s said to be a white noise process or purely random process il

i Ege,) = 0 for all {

b.  E(e")=0forall

- Efe, 5.0 =0 foralls 1

That is, a sequence [} with mean zero, vanance zero and the expected value zero.

Therelore, 15,1 15 0 sequence of random shocks with:

re I, o k=0
LE Ciherwise

e = 1l if k=0
iy Cherwise

2131  General Linear Process (GLI")

A time series [ X} s sand W Tollow a general linear process il

13



e E:+Erg
gl

where = E(X)

and ¢, is a white noise process,

Assume = ( without loss of generality so that

That is the observation X, is o weighted sum ol its past plus o rndom shock. The peneral linear

process can therelore be written as:

2. £ e e eee—nea— %21
i el E
or
Kt = ZHJFI f . L_.! .‘_q _____________ 2 22

Define backward shill operator [ by:
X, =X, and X, =X,

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

20



i 1

Wiy, eSS iaaaes e

where H=1+ 4 p'+ ¢ +4 '+
HEY s called the trmster fometion

Similarly (2.21) can be written as

Yy, F
(1 - % 1,600 =k, —Eieeesaae e 2.25
121
LI, = 2.26

Multiplving (2.26) v {}), gives
HEI TOMX, =Hp)e,
From 2. 24) e X, o ffby, we have

hn] unx, - X,

¥
Hence H(EI]](R) = ?“ = 1

Therefore, [Jif) =+"(}) —--rmm- 227
[ i3 is the transfer function for past value while f) is the transfer function for

L1

the error term (&)

2132 Autoregressive Process
lhe general P order autorcgressive process of a stationary lime series [ X, is defined by

21



s TR V0 SR B AL e I SR e -2.28
o ST B ¢ isa finite parameter and the model is denoted by AR(p). In this process the
currerni observation X, is regressed on its pre vinpg values X X0 X
Vising the backward shafl operator |5 (2 28) can be written as HDX, = £,
where 8= 4 - b A - ok PG, T984]

Such tha

- F -t = 2.29
Coneliton For stnlionarity o AR{p) mode]

wpy=£,

The cepuatiom (fh) O

15 called the characteristic equation with the stationarity of the roots outside the unit circle.

aliAN Autoenrrelation Function of AR{p) Process
siee ARp) model 15 given by ;
.1'{, +I"":‘l | re .'K:-J I + '}{I i i T +||--"I"';:| I ok I ""I-]”

In the same manner.

}'Iln|.1 = +|xr.3+ +_-x.|. t +-_.:':|_| b +|_1'{ + i

XK HE
Xoa= 0K+ X K e K e
and so on.
Substituting repeatedly for X,, 1= 12,3, .., m in 2,30, the equation can be written as
hinear inlinite combination of £, 1= 1.2.3..
sor Hhal
I e d =0 Ve o

fultiply the cquation (2.1 1221 by %, and 1aking the expectation, then

22



Il-"‘-| H.I.|.,| = ‘+ III‘-'e';::.l HI,L-I t +|I'[:"‘;‘II,' H1l.' ! d

Tt %

i

A S S I R R S S R
kil kel

I Mvichng throwgh by 6, we hive

o b vl X K)o BUX )

S T VPR TR L B, S '+'|-F"|.;1-I" ) - 231

Ulsing backward shifl, we have

Wi, = 0where Wi =1 - 4 B- ¢34 - {0

LR
Factorizmg. we hiave

) fg:t—u,tl}

2350 ) selting k= 1203, Lop

Henee, we have

pill o - T 1 T T S
i = by i R S T
M =

+1F'p-| + +I|:-’||-_1 g +1|:}F..1. o +P

23
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Fhe systemol equations 2,32 are colled the Yole Sakers” equations. They are used in estimating
the population parameters (the parameters ol the sample agricultural products taken) #, #,. 4,

R |

s s pot it form s

ity R P T
i mobom Moz *y
---------------- 2,33
M Por Ppz Do pi ity
Al =il L, 2.34

2.13.3 Moving Average Process

The model

x! III.EI:+I|.II

e uation (230015 an example of a moving average process. The general expression for such

il PIOCUss §s

where oo Lonre constints with X, expressed as o linite moving average process order g,
WA The seties imight continue Lo antinily, in which case it would be termed as an infinite
e I averape process, X is also expressed m teérms of current and past disturbances refereed
tiv as random shock process | Box and lenkins, 1976].

Sinee ¢ is 0 white noise process. taking expectation we obtain E(X )=0 because X, is

slationary

q%
24
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Var(X,) 53 o,
140
o= L the terns ol g lp

= EX Xl

1 | = L SRR I-|I I..”I X 'II' (T i I."r- k-0 "o ! '.;.I l.k..||

kg

Wia+teagt. tago) k=012, 9k

.}'—"-
' = - — g
1 i 1 K

Thus forany value 2, s, 6, . &, MA(qg) is always second {2nd) order process. Therefore, there
15 o need for stationary condition.  But the condition for invertibility is that the root of the
charetenistic equation o(B D) must Lie outside the unit circle since X, = =([\)c, where

) =1=a - apl- . -upe 5
by the application ol backward shill operator |1,
L

.1I

Autocorrelation and Autocovariance Function of MA(g) Process
I he snnecerrelation function of moving average process from (2.36) is given by

(1 1 k=0

» i
o | g i S g

8,8, .,
3
s Gl

{1:' otherwise

L

similarky. the autocovariance function of kg k for & moving average process of order g

25



EAALg ) s

||‘ £ o LS T 1 L= T i R II'I'EEI‘-I

Henee setting k=123, .., 4. we have

Ty = = ¥yl ST K B ol T |_-I|‘ |I:-:I|J'
I, | = '_- 8 .-:\.F: by § i |_I|'._|.q + i .I |'||._II;|||
TT0es e WL
LR
r = -1 LS Iyt | +F _|.,‘|'_|u_ . alrers ah :q-lf I“|
= e W
o= ek

Phese couitions in 237 are equivalent of Yule walkers' equations in AR(p) model but
tnlike the ARip) the equationsare no longer linear in the model. Henee. g nonlinear equations
hivv o be salved which requires nonlinear optimization technigue which will not be considered

in this thesis,

S Autoregressive Moving Averape Process ARMA (pap)
Pl anhoregressive isa process that has both AR el MALG ) mirts. A stalionary process %)
sittrshies ARMA (p.g)al:

RS B T e SUTRRVES B L LA o - 6 ) q =m=mee 2,38

L

| sing backward shift operator, (2.11.4,1) becomes
HBIX, = BP)E, —smremmme 2.39
when:
WP =1 -4 - - -4
el =1-af-ap-.-af
ARMALp,q) can be thought 1o arise in two ways:

in Xy 158 pth order AR

26



WIDX, = ¢
where ¢, follows a MA process \
such thot ¢, = ss(fi),

b. X, = oAbl where by lollows ARip)
suieh that eoffiph, =
s that WX, =W A8,
fin,

Condition Tor stationarity for | X} is that all the roots of B} =0 and =(B) =0 must lie

otiside the unit eircle.

213430 Autocovariance Function of ARMA {p.qg)
Multiplving equation {2.38) by X, and take the expectation, the autocovariance function of lag
.
kot an ARMA (p.g) model 1= obtained as 3
no=Hi b b b g stk - ek 1) - =mratken)
where
k) I ) amd
sHice
Ny dependsonlyon e oo LB Lo
We have
rdk) = EX g1 =0 for k>0
-k} + 0 for k <0 \
I herelore, we have
=ttt forkag

Fhis process is able to describe o process with fairer parameters than AR and MA taken

29



separately,

2015 Martial Autocorrelation Function
sinee i stabonary series | 8] satisfies AR{p) process such that

Ne= baXu X X B meeeeee(2.40)
e Waile Walker cquations Tor the above equations (2.40) are given by

P4 =0 i matrix form

where

l ™ P
&1 I M-z

P = ; A h
P Pea. - |
* k1l
tia

-l e . i
i

By defining a matrix:

28
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I &1 - Pt "

M | - P [ L2

M. Mo P (L

where
% s o mwabrix 1 with i lost column replaced by (P in practice 1Y is replaced by its

sample estimate r. FHenee, we have

Hhe guaoties #, rscalled partial autocorrelation. 1 measures the excess correlation of
i ke which is not accounted tor by AR{p-1) model.

The partial autocorreliation is used to estimate the model parameter in the set of data
analvsed. They are weecd tocidentilfy (the approprinte vidoe Tor poomd o terms in ARMA{p.g) ol an

apreahml produet,

214 Madel ldentification
Maodel identification is the act of sclecting 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
tsee which one fils stationary series | X . 11 should be recalled that non-stationary series can be
canverted 1o o stationary series.

Functions that are frequently used in model identification are the autocorrelation function
of Tag k grven as shownin roand $,, in Sections€2,13.3)and (2. 13.5) respectively, for an AR(p),

Hwe partial sutocorrelation cot afTat lag p while [ora MA(g) the partial autocorrelation does not

25



cul ol Tt decay b eero l..:.'-'.qmr!l.:rlli;ll|_~r'.

O the other hand, the autocarrelation function of MA(g) cuts off at lag q where the
autecorrelation function of ARip) cuts ofT exponentially as well,  Studying autocorrelation
tunetion amd partiad autoeorrelation function will allow us o deduce whether a series lollows
ARG or MAGy) or not 1 neither the autocorrelation functions nor the partial autocorrelation

fmctions cul ol then o mixed autorepressive mos iy Average ARMA (p.g) process is suggested.

2D Other Determination of Time Series Model
e tendinonad order of lithing a mode] 1o stationary series (X,) is determined by hypothesis
testinge, that s, assuming =0, p =0 and so on. Infact these variables may not be exactly
actvres Hlenwee the approach wis Toond o be msatistctony when comparing two models which
ditfer appreciably in number of parameters, 1 s alse combersome and not reliable because of the
difficnliy an gettmyg anactoal sigmfeant level
Among the recent developed criteria lor determination of time series model are the Final
Prechetion barors (FPE), AKmke T, 1973]. Some Becent Hime Series Modelling- Criteria for
Vutorcgressive Prmster Function (CAT), [Poareen 1L, 1974 amnd A New Look at Statistical

Muodel Identification -An Information Criteria (AIC). | Akaike H., 1974].

20400, Final Prediction Error (FPE)
Lhe Final Prediction Error assumes that a stationary series (X,) is either AR, MA or ARMA
prowess. Phe criterion is based on minimizing nn:e: step shead predictor error,

Assume (X, ) satishies AR(p). that is
A D s L D
1

Prenoting the one step a hesd prediction by = (1) we have
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AN = X Wx

andd the error 1
:"':1 B! }]

where £, s the least sguare estimate of 1,
I'eretinre.,

[<ror =

E+. RO t”.*’f. o

i |+1_rTr:'xt rel = E“_'I:*J.

el
| Femee the mean sguare prediction (MSS1) is pivga by

MEED 5711+ 8

e Hinal prediction ervor of order based on the MSEP 1s then defined as -

R i o
)

where 67 15 the unbiased estimator as & after the pth order model, That is

where RESP = Residual Suim of squares prediction
= Mumber of observations

Lising FPE, the AR (k) k=1.2....1L can be fitted in succession (that is, AR(1), AR(2)

a4

v where L



1 the anasimum lag L :i]‘JL'-;:sI'u:LI Bebore homd, The order of the me series Tor which FPE is the

minimm is the correct W be fitled

214012 An Information Criterion {A1C)
Fhwe A Infsrmation Crteren CATC) s an improvement on the FPE method 1o maximize the
eapectaney of the moasure ol poodmess ol T thal 3, entropy maximization principle of the model
+
ool vl v e T e West statistie of
VG -2 max (log likelihood) + 2{number ol frée parameters)
Fhe AL Tor o ARp ) maode] with o o] distribution
NxMatural fog & )+ 2 cosesiecaand 42

Where o fs te maximum likelibood estimate of the residual estimale. The eriterion 1s equivalent

; i i - , y :
oo ximizing AlC. The procedure for selecting the correet order of the model is as follows:

i, specify o maximum lag L
I, Fit ARCLL AR AR(L) and ohtain 8, 8., ... §,*
' Cladenbte AT R ALC, L ANCH)

e correet order s Dt ssitly the minamom AL value.

215 Estimation of the Parameter of Model
I fiting a stationary series | X, ). the first step is 1o wdentily the model which best described the
hehaviour, Hence estimate the purameters of the estimated model, There are many methods of

catimating the parameter of a model of which two are discussed below;

2150 Yule-Walker Method

Fhe Yule Walker method applies the use of equation in estimating the parameter, that is,

a2



P=Pb . 243
*
Whaere P s aosymmetric positive delinite matrix such that
¥y — il
t:Il 'II Ill
Substimting the sample autocorrelation coctficient (r ) for 1% and p, in P, pives
=R 'y

which gives their required estimate.

2152 Levison Durbin Algorithm

Ihe Levision Durbin Algorithm avoids the mversion routine that featured in the Yule Walker

couations, The procedure is as follows, »
Start with 8,7 = v, by setting k=012,

Connpule

Lil = i-:‘|_.| (]

I
- Ilr.ll E'Ili'll\.'l|l||I

o R |

[Men

Elyaiy =g = l't-: By yis

arul
ﬁ:I.-l 3 E:I.,EI = IIu-l.’
I'he solution of this Levison Durbin Algorithm is usually the same with that of the Yule-walker

eyuation
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LAt Dagnostic Checking

ey fiting actentative model (o the series | X100 cheek is made 1o see whether the fitted model

e adeyuate and fosee i there is any evidence of non randomness.  There are two methods of

doing his, one s comparing the parametric spectram with the raw spectrum, disagreement
&

hetween the two graphs shows model inadeguacy. The second method which is the one that is

elben sl s the one involving residual. Residuals are difference between the observation arid

the Dtted valoes, that s,

I1 the madel 15 adequate, the sample autocorrelation r, should not differ significantly from
Aot bo all fogs preater than one, 10 any ol the residual sutocorrelation are non-zero then define
e swries b andding s apparent strictine 1 the onigingl model, A wselul method s the

Cportmanteau” kek of fittest. The test statistic proposal by [Jerkins and Box 1976] is as follows:
@ .'Ji-r- T 2.44

wWhere

| ==

A1 Sample autocorrelation of ra.:sjdua_ui:a squared
M = Number of observations

Q- w'(k-p)
Repeet the fitted moded il

) = x'tk-p} al a level of significance

207 Forceasting/Prediction

| roughout this write-up, it is assumed that the stochiastic process { X} is a zero mean stationary
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Preecess, Wath.this in mind. ghven that the post behaviour of the series e 18 such that x; - 2

s Lo then, Jet X denote the mstep ahead o predictor of Xy @1 lime L Then conditional
predictor is then given as
R ™ IR f Kol — i 48

the vanance of X, is given as;

T
Gar ¥ s o : 2,46
! wi I

where (X1 can be expressed as a peneral linear provess, that is,

ard

ﬁ-=1.'z|r!;,p

LIR Concluding Remarks
\nattempt has been made to look at the festures ofeome existing and popular statistical packages

Wil o view b contioming that they do ot make provision (statistical procedure) for lime series

malvses The statistical puckages that were examined are the following:
i ~tatistical Packages lor Social Scientists (SPS8) Version 4.0,
h System Anwlyviieol Statistics (SAS) Version 6,04,

Fhe SP'SS provides Statistical Procedure for the tollowing:

. Frequency distribution.
b, Correlation.
L Analysis of Variance.

i5



i MNonpanimelric Test .

v Vanear el Multiple Regression,
I Foctor Analvss.,
g Reliahitity Analysis,

Ui observed that the procedures Tor time series analyses are not provided,

he SAS provides Statstical procedores Tor the Tollowin:

1 IFreguency distribution.

h Correlation,

T Analysis of Variance.

' Linear and Muliiple Regression Analysis.
& Multivinnate Analvsis,

I, Categorical Data Analysis.

[ Factor Analysis.

11 i ks obgerved thal procedures for time series analyses are not provided.

Pl nesd Clhagrer reviesws the statistical analyses pouckage developed by the State of Food
ared erenltore €SEEATL 0 oni of Food anid Apriculumal Orgamisation (FAG) of the United
Mation Crpanesation (UNGCH The Statistical Package s Christened Food and Agricultural
{hrpanization Statistical Time Series (FAOSTAT T5). It is meant to provide structured annual
e senes datobase: In addition, be a-menu driven, easy to use program for all time series
analy ses and plots mcluding barchart, hi&l:]gfflﬂhn.linr:gmph and scartergraph.

my
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CHAPTER THREE

REVIEW OF TIME SERIES FOR SOFA

LA Basic Concepl ol FAOSTAT TS

Ihe Statstical Package For Food and  Agricaltural Organization Statistical Time Series
(EACSTAT TR pdeveloped by State of Food and Agriculture (SOFA N The State of Food and
Agricultuse 1993] is a time series soltware. 10 is prepared to supplement the “Annual Year
Baowk ™ being prepored every year. The liest experimental package in English was developed
by karl Gudmands and Alan Webh of the Economic Research services, Uniled States
Department of Agriculture in 1993 {The State of Food and Agriculture 1993).  One of the
compuonents of the software package is the data bank which containg o comprehensive set of
annual statistical information on the agricultural, Torestry and lishery sector, covering 153
countries which were in 12 groups from 1961 through 1992,

World acceptance of the package led 1o the development of the French and Spanish
verston, each of which covers 1994 through 1996 The years” theme of the FAO wis o lrgel
ol Tewus e upgrading the package.  From 1994, the package was mamed Food and
Agricultural Organisation Statistical Time Series (FAOSTAT TS), The FAOSTAT TS
directory lor each vear is called SOFA l'r:!J_ﬂwed by the year of production, lor example,
SOFAYG is the FAOSTAT T8 produced in 1996,

Fhe following are the themes:

i; Water Policy aml j-'";gri::ulluru - 1993

b. Forestry development and Policy Dilemmas - 1994

g, Agricultural trade? Entering a New era? - 1995

u. Food Security: some Microeconomic Diversions - 1996

IThe countries that could not produce adequate data for statistical purposes in the

software were dropped but there are estimations niade in The State of Food and Agriculture

7



P93 [nerature statistical snadyses of hose comtres.

h,

L

|

=

The motivation for FAOSTAT TS ure the following:

The need to mcrease the efficiency of the FAQ workers in dealing with food and
agricultural data by having a data bank and o database progeanmame that will help o
facilitate the analyses of time serics data,

study ing through the bulky materials of FAO data for data analyses and lorecasting is
time consuminmgz, As such FAOSTAT TS is needed o facilitate a guick search of
agricultural statistics smidst large documents and provide an accurate and speedy
apricultural forecas

FAOSTAT TS5 15 necded o provide handy and comprehensive data and information

N

low EACY satellites stations and institations of higher leaming that are i need of their

ma

data i intormation. Lo build a higher database progransme that will have facility 1o

display data in the form ol charts and tables (o be used in time series data analyses,
Fhe ieve to have time series analyses statistical package for agricullural analyses.

| e obgectives of FAOSTAT FS ore s Tollows:

in provicdde o menu-deiven programme thal can offer on line help Gacility and can thus
e used even by inexpenenced users.

" Todevelop a soltware that can be used for reading, displaying and manipulating FAQ

ey -
whiitan. - -

Fo provide a fast and easy-to-use ol fordisplaying and analysing large time series
data set. Thus, the duta can be displayved in the form of data and able.

For provade an BAG handy and comprehensive set of annual statistical information on
the year's theme as stated above and o cover 153 countries and 12 country groups.
Fer develop a program 1o support basic statistical analyses and allow time trend

projections and cross-sectional comparson of data to be made

I8



I ——CIIEEEEE
i Fer prosvicde an FACY statistical dati bank,
L Fer develop o package that will enable data o be exported into stundard Tormais that
e resndable by commonly wsed ditabase and spreadsheet proprams or, altemnatively
Hiat o b dreethy exported tooan ASCT !HL‘ lormal,
e mcthids used in achievimg the set poals of FPAOSTAT T8 are as follows:

Tk Stdies were made ol the exasting FFACY publications such as Annual Year books and

e statistics published by the FACY as the country tahles

I st colleeted vearly Trom various t':rlmllri::ﬂ ol the world were used to upgrade the
o -
program,
v Development of the Food and Agricultural Crganization Statistical Time Series

EEAOSTA D TS s (ol Pascal

| Pest Bun of PAOSTAL TS with the data supplicd by the various participating
countries,
12 Analvses of Matre Production in Nigeria from 1980 to 1995

Fabde 3.0 Tabde of variamee of Maee Prodoction in Nieero feoom PR (o 19095

Year Time P'roduction Variance (X, -%)*
X, 1 1000MT)
1R | " 53 HEETOTI
181 z G513 HETOTI
[ 3 G Iaa2aTd
FR3 4 27 B24644
R 5 104 265046
IS f 520 A265774
FELR 7 S50 65369
(RN b bl 2 F10300.4
g n 68 | RO S
14Ra In SUHIN AndT 30
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Tahle L1 Continued

Yoar Fime d, Mrodduction Variance (X, - %)
X, (1000nMT)
R Il 768 515126
[ | AL 565521
| acrd k| SRl il 59, 16
[IEF LA I 14 G2 filsh 3, 12
B [kl 15 it Ty iy
| ihs 1 T2Alh THT ]2
Fastil | 31y 3 G202 UX16Te TS

Souree; Foodand Agricaliural Organisation

I'he vears in the analyses are from 1980 1w 1995 numbering 16 years.

[ he minimum vear 0200 [982)

Fhe manmim yea T2 D95
Hanpe T2400 - 620
Avernpe range per vea = b ld/ 16 =
Percentipe range : Go 1416 % 100 =
e series micin ¥ X

1R 1.375
O TS
X, iwthe observation with respect to time and

1w the total number ol observations.

- =2
L{x, X.)
n
where Kt observation at time ¢t

The population variance (5°)

a4

413375

41337.5%

620716

X maan of the observation at time &

n total number of years observed

SXGT00]. T3
I

STO0475. 109
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The standard deviation(s) [ (&)

where 5° is the variance of the observation

/5760475.109

2400.08989793

2400.10
.3 Premd Analvsis of FAOSTAT TS - SOFA 9%
e comeept of a trend asseets that the movement over Bairly long period in o series is usually
simenithe B bear. parnbobie and exponential trends are considered in this study. I is
erbserved hae the sotbwire ke cogoesamce of e observaiion year | X, 1 - the trencs estimate

fo thant vear v, the number of yearsin), and the residual valoe (£} which is given by:

i " R
Fii,
i i K"
LI I { 3 L]
Al
1 _.l'\‘".‘ _‘_.ﬂ'
e _":-._ A
"\1_-. -

i R —
I'he vedrs chosen (1980 1o 1995 ) are used in the trend caleulations, The trend can be
projected for a selected number of years. The last yvear in the software is limited to 100 vears

ol the Fiest vear of the data, Statistics shown inelude sommary statistics Tor the observed

varloesse sl U tresd line stanlistics

A4 Limear Trend for Maize Production in Nigeria from 1980 (0 1995

e Tinwan trend model For taize production i Nigeria can be represented by

where b Y intercept for the population
b, true slcpe of the population

& = random error in X, {or the observation in t
Fvusimi the least sguare method, we obtained the following two equations, called the

normal equations:

L L



L]
Sice there are Twe equations with two unknowns, we solve the equations simultaneously

les by, aned by, as Tollows:

andd

nit X - (EINEX)
b, e e N -——34
nEe ()
hoe= 350 —het
S I
AR 2 ' el il
| I1

Falde 3.2: Talide of Linear Trend Statistics

oenr Tamnie o, Production X, |1,
LA I 5l I
fLigi £ Bl i
1982 1 ir2h b
%3 i iRk I
L] 5 1146 25
I9E5 i 1826 h
| EFERy rl §550) 49
|51 7 % T o
REE H 5368 Hi
| i i 506N J ik
[EFLTH 1l ST6R : 121
41 |3 SR |44
LA 13 SRAL 1k
| RALLS e == ST I f 9t
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Tabile 22 Contimued

Yoear Ve 1, Production X, |1
| 15 U2 225
R e Iy 1240 250
| ontasd 116 62262 1ehibiy
sorce: Food and Agricultural Orpangsation
i,
=1, 1= 136, ;
" T 14T i = i I
YK, 62202, KL 1496, ~ HAT =37, E, H.5
(1) = 18496,
Il we hase -~ b, = 5039529 and by, =-392.2250
Fhis gives the Timear trend Lor the mamze produchion as
= SRS USTH - < 392 ITE ot siniani s A4

whieh s vsed for the limear projection,

I'he slope by, wirs computed as 5039529 This value means that for each increase of
i il ok bt e "..IIIII'L' ol ¥, increases by SO39529 wnils. o the SOFAYG analysis, [or
vl icrease e aovear ol matze produecd in Nigenn, the Diled model predicts that the
prewductien vitloe of maize will increase by 5039529 metric tonnes,

The Y imtereept by, was computed o be <392 2250, The Y intercepl represents the
varlue of ¥ (in the problem -392225) when time is (. Since the time(t) can never be zero, this
Y intercept can be viewed as ex pressing the rlnrtiﬂnlnrllw production of maize that varies with
Gictors other than the time. The regression model thit has been Gitted 1o the data can now
b wsed toprediet the production of mmze value of' Y lor a given time (1) as seen in

8 392 2250 5D3-9529t”

352 .2250 + 503.89528(21) 10190.787

Lok example. & represents thousands ol valies oPmaize production in Nigeria based on the
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predicted average production value of 101907870 for the year 2000 { five years' prediction
aller 1995}, This is the trends estimate for that year.  The full data s contained in Table 3.3

and the graph 15 in Figure 3.1,

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

19495
Year Time 1 Production Linear Trend Residual
X, ( 1000MT) ¥, (1000 MT) £ (1000 MT)

R | 153 111.73 54127
1981 Z 53 615,18 112
IR2 i 2 119.63 -493.63
1983 1 127 162359 -506. 57
19K4 5 LR 2127.59 03154
15 f1 . 1826 263149 -B5.49
Rk 7 1550 3131545 -4 14.55
|9%7 8 4612 363940 972.36
[F 9 5268 414335 1124.65
Fga L SO0 464730 35270
LT | SToR S151.26 -G 16,74
142] 2 5810 565521 =154.79
[ LH e ¥ 5840 - G159.16 -319.16
[RLER] 1 6291 Okl 12 -3TL12
| ARy 5 GO0 716707 -265.07
[ 005 14 7240 TaTI.02 -431.02
[T 17 B174.975
L & RGTR.OIR
W18 1 182880

E”‘- 20 G834
2k al 1, 787
2 22 1654 Ta0
2002 23 1198643
203 2d 102 646
2004 25 12206599
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Talbde 3.3 Continued

Year Time i, Production Linear Trend Residualc,
X, (1000 MT) | § (1000MT)
DS rLy '_ 12710551

Source: Food and Agrnculiural Organisation

The least square linear trend of the series given in equation 3.5 is from 1980 to 1995,
that 15, 16 years, The other statistics given in FAOTAT TS-SOFAY6 are coeflicient of
determination (r') which is equal 1o 94% of the total variation in (£,), i1 is altributed o time(t)
over which it was generated while 06% of the total variation is caused by factors other than
timert). This shows that there is a strong relationship between the maize production in Nigeria
and the time. The standard error of estimate (SEEywhich is equal 1o 6646640 metric tonnes
represcils o measure of the variation around the fitted line of regression. 1t is measured in

unis ol the dependent variable ¥, . This interpretation of the standard error of estimate (SEE)

L

15 analogous to the standard deviation, Just as the standard deviation of 2400100 metric tonnes
measured the variability around the arithmetic mean, the standard error of estimate (SEE)

micasures variability around the Titted line of regression.

35  Exponential Trend of Maize Production in Nigeria Trom 1980 to 1995
e exponential trend by the method of least square is of the form.
531 == A gttt
where
A is the Y intercepl
e is the estimated annual increase in production in thousands metric tonnes
'3;", is the trends estimate for that year

I the logarithm to base 10 of both sides is taken, }hr.:n
log,, “:-:', : log A + b.tlog,, 17 .
That is,
InY,=InA+btl.. e 3G
e cquation becomes linear in nature, using the method of least square in and 'b’ can be

expressed as:
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=& Ayt lns, —

i

(Lt ) (EinX,,)

r"};—‘-r'lr.a g I:EL“:IE

-

=

and the intercept of log A

=> A =T1n%, - bt

where TnX, = —-~§J—t

Table 3.4: Table of Exponential Trend Statistics
Year Time f, Production X, | Ln X, !
[ 180 [ 653 6481577 [
] 2 653 b AB15TT 4
1982 3 626 GAB3935 Q
&3 4 HO27 0. 934397 6
1984 3 1196 71.086738 25
985 B 826 T.309E83 1a
L HG T 3550 B 74703 4%
|97 i 4612 Badiad |7 64
985 o 5268 LARTILER T Bl
1984 a SO0 BES517193 100
155 8 5768 . 566081 |
| ik |2 5810 B.oh7310 |44
952 I3 3840 BoT2d86 | 658
by 4 0251 5 TH6ETS 196
f Saiag I 5 GO H.B105T 235
1955 l& T2440 HEETS T 156
Fuogal |36 G262 127105 1 4kify

source: Food and Agricultural Orgamsation
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MNow,
n=1t, L= 136, YInX, = 127.105, 21,2 = 1496,
(X = 136, X4, 2InX, = 114126 %
InX, = 9.9440625;, T, =8.5

Thisgives b, =0.18491 and A = 63723

I'he exponential trend for the maize production in Nigeria becomes,

LA S e v L e R T 3.9

- .l

I'he fitted exponential trend in eguation {3.8) projected to the vear 2005 is in Table 3.6, the
graph is also displaved in Figure 3.2, The exponential trend becomes very useful when a
series appeats 1o be increasing at an increasing rate such that the percent difference from

wibservation 10 ohaervition 1% constant

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

1980 - 1995

Year Time {, Production Exponential Trend Residual
X (1000 Mty | T, (10D0MT) g (1000 MT)

R LH I 53 T2 <5129
941 ] 653 RAT. 3% -184.35
[9%2 ] 616 [019.46 -193.46
|83 4 127 1226.53 -9 53
1R 5 1156 LATS .64 -370.65
1ES 4] TR2G 177538 5062
|86 7 3350 213599 1414.00
1087 ] d612 256085 204215
988 9 5268 3R B3 217617
R 1] Sinig ITE‘;II.EJ 1280.17
| QEHd 11 5768 447534 1292 61
[ 12 SE10 S3R4.40 425.5%
i L ) 13 SRl BATRO7 -HIB.07
Rl E| 14 62 TT3E7 -1502 /7
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Table 26 Continued

Year Time &, Pragluction Exponential Trend Residual
X, (1000 Mt) T, (1000MT) E (1000 MT)
feeny 15 iz D3T6.93 -2474.93
RIS In 72400 1128154 -q04 | 54
I H36 7 13573.00
b7 18 16329.00
1ng i Il 77
[ 4prep 20 23617.34
20 21 Eﬂ# AR.AT
01| 22, 3421479
i1 21 4116437
203 24 49535,52
204 25 5958496
IS 26 TI687.64
Siire Food and Agricultural Orgamsation

RN Paabolic Trend of Maize Production in Nigeria from 1980 to 1995
he least square methed is used to find the gquadratie trend and the model is expressed as:

L

5 2
Pt— = bn 7 j7’1"|:u- * b:tu ' Et

where b, - Estimated Y intercept

h1 Linear effect on Y

b? = Curvilinear effect on ¥

£ = random error in Y for the observation in t

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

=F 2
EIE - "'hn +b1£t” + bEEt“
1 il 2 K |
L X = bEEt. +hEk ¥ BTt 5 S 3.10
2 3 £
tx =bre = +b Lt =+ BIE

Solving the maize production equation simultaneously, the computed value of the

regression coefficients in the problem becomes.

b, = BY7.5642857 b, = 672.3993697 b, = 0908613445
Henee the equation of the parabola for the maize production in Nigeria becomes:
¥, = -RUT SR428ST + 6739936971, - 9908613445t
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From the curvilinear regression equation, the Y intercept which is ¥, is the trends estimate for
the vear (b, computed as negative 8975642857 metric tonnes of maize) which can be
interpreted 1o mean that the yearly maize production {withoul any previous production) is
approximately - 89756429 metric tormes. This means the said amount of tonnes of maize has
Ly b l'mn'::-'l-'-:ud or lent before the actual maize production starts, To interpret the coefficient's
b, s by, we see [rom Table 3.3 and Figure 3.3 thal the maize production rises with time.
This can alse be used to predict the effect of maize production in the subsequent years. In
P90, maize production in Nigeria was 5299890 metric tonnes while the maize production for
1995 §s 7324220 metric tonnes, The production of maize as projected for the year 2000 should
e RRS3170 metric tonnes, This shows that the maize production in 1995 was expected Lo be
mre U that of 1990 by 2024330, (melric tonnes, that 15, 7324220 - 5299890). Similarly,
the pricluction of maize in the year 2000 is expected to be 1528900 metric tonnes (¥853170 -

73242207 higher than that.of 1995,
Phe Fed muodel 15 grven by
y,= -RO7.5642857 + 672300916971, -0.9086134451° +E

I'he coelTicient of determination (r°) is 94% which is the total variation in ¥, attributed
o time(ty while the remaining 06% is altributed (o other faclors. The standard error of
estimate ( SEE) that is equal 1o 5732280 represents a measure of variation around the fitted line

ol regression,
-.r b

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

1980-1995 .
Yoear Time t, Production Exponential Trend Residual
X (1000 MT) [ T, (1000MT) £ (1000 MT)

- 1905i) I 53 -2315.07 BER.O7
[ 1ok 2 653 407,60 243,40

1982 I 3 26 10304k -404.46

(T3] 1 127 1633.50 -606.50

R4 5 | 156 221672 - |020.72
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Table 1.7 Continued

Year Time 1, Mroduction Fxponential Trend Residual
X 1000 MT) T 1000MT) E (1000 MT)

|85 i | B2 FTRO2 Q54,12
U8 7 { 1550 3112171 226.29
FET b An12 JR47 48 T 52
| EFHE i T 4351.43 916.57
[ .H. SO 483557 164.43
o |1 | s768 5299 89 468.11
| 94 | 12 SR 5744.39 65.61
19492 13 5840 :51 69.07 -329.07
1993 14 6291 6573.94 282.94
| 9 15 6902 695899 -56.99
[ 95 16 7240 732422 -B4.22
| Gt 17 THeD, 64
[407 1% 199523

_I'-_“JH 19 H.Hlﬂ!-ﬂ'l
194 20 B5B6.948
TN 21 KB53.17
20061 22 Q099,45
2002 23 89325.96
2003 24 9532.66
2004 25 9719.54
2005 26 ORB6.60

Souree: Food and Agricultural Orpanisation
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X7 Diagnostic Checking of Linear, Exponential and Parabolic Trend

Afler fithing a tentative model (o the series (1,), the FAOSTATS - SOFA 96 allows us to
(sé 1 residual diagnostic methed to check whether the filted model is adequate. The
residual (£) technique used 15 the difference between the observations (X,) and the fitted

values(v). that is:
E.I = K., 3 j'
The aplness of the fitted regression model can also be evaluated by plotting the

resiclinls (£, ) on the vertical axis against the corresponding time (1) values of the
milependent varibles on the horizontal axis. The samples plot of the graph is not given in
the soitware, though this would have been helpful in determining whether a model is fit or

nol al o elance but the figures are attached here with. Samples of the residuals {£) given in

the packages are included in the sample tables.

A8 Best-fit Model
The package under review also produce the best fit of all the data being analysed but there

is no consensus among researchers as (o which particular measure 15 best for determining
the most appropriate forecasting model [Mark 1L.B. et al, 1986). A measure that most
researchers seem to prefer for assessing the appropriateness of various forecasting model is

the Mean Abzolute Deviation (MAD).

MAD = =] e T T o I |

where X, = the observation of agricultural production in a particular year
¥, = the trends estimate of agricultural production for that year

m = the number of years ohserved
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IT a model were to fil the past time series data perfectly, the MAD would be 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 or more forecasting models. the one with the minimum MAD
can be selected as appropriate based on the past fit of the 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 FAOSTAT TS - S50FA %

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

development and of mternational 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 mathematical ‘errors, for example, SOFA96 defines and
uses the residuals (£, ) as the estimate values (§) minus the observed values ( X,) in
equation 3.1 for the data series calculation, In the literatures the residuals () is
delined as the difference between the observed value (X)) and the predicted values

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

g I'he punkzip used in compressing the FAOSTAT T3S packages contains Natas virus
redefined as crown-well virus despite the instruction given in the “About
FAOSTAT TS" that the software may be freely used and copied. The only

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

from FACQ.
€. FAOSTAT 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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ol square (557T), the repression sum ol square {SSR), the coelficient of correlation
{r) the adjusted coctlicient of correlation (adj r) and the analysis of variance which

are vitil fo statistical analy ses.

I 15 observed that vifal topics in thime series such as the autocorrelation, partial

autpeorrelation and parameter estimation of models have not been taken care ofT,

FHolt-winters Torecasting method which also is rted very pood in forecasting does

not lepture in the packape



CIHAPTER FOUR

MODELLING OF TIME SERIES

4.1 Introduction

Farmers, business organisations, public organisations, government and individuals have the
commmon goal of allocating available time among the other competing resources such as man,
miichine and money. This goal is accomplished by making forecasts of future activities and
takmg the proper action as sugeested by the [orecast,

The agnicultural set up is concerned with both short term and Tong term forecasts. The
shorl term forecast lakes a look al decision variables for a period of one year,  Among the
decision vanables are sales, price changes, cnstomer demand ol the agricnlturml products and
the standard of hiving of the cilizen of a country. : The Yong ferm forecast usually looks af a
period ranging from two years to ten years and uses a planmng model for product line and
capital mvestment decisions, as seen in the changing demand pattemns.

In this {‘.Impwr. amodel of time senes analyses ol agricullural 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 inlo the future. The time series interact through the

following:
il Additive model
b Multiplicative model
The additive model 15 given hy: ¥
X =T+ G S+ - 4.1

where © X, = observed value of agricultural products in melrc tonnes at time
T, = trend of production of agricullural products in metric lonnes at time |

C, = eyclical varation (long time oscillation about a trend or curve)of production of
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agricultural products in lonnes at time |
= seasonal varabion of production of agricultural products in metric tonnes al time |
Lo mregular vanation of production of agricaltural products in metric tonnes al time 1
I'he movement effect that gives mulliplicative model 15 expressed as:

e Pl D | :
where
A T O S und 1 are as in equation (4.1)

Ihe mulhphestive medel can be tansformed imto an additive model by the use of logarithmic
transformation, that is,

LogX, = LogT,+ Log C, + Log 5, + Logl,

Thas implics that:

Bl kg s 4

Ihe ranstormation from the multiplicative model to the additive model is necessary because
the wdditve model is easy Lo calewlate, The |1':‘ullip1icaiiw: model is complex, thus, the
hieratme explore the advantages ol the Tact llmt.lhr.: multiplicative model could easily be
comverted o additive model in solving all their problems. The multiplicalive model makes
use ol nonlinear equations while the additive model uses the linear equations in solving their
provhlems, i.n most cases, the cvclical variation ulfthe agricultural products cannol be isolated
fromn the trend and hence classified with the trend.

In modelling time senes, there are two main methods of estimating or smoothing
brends of agriculiural products. The methods are:
Y Moving Average Method
ls. Least Square Method
Ul Slosvang Averge and the Least Square m::thn-éls though commonly used have their Maws.

The moving averages method of studying trends is highly subjective and dependent upon the



penod selected for constructing the averages [Mark L.B_ el al, 1986]. Moving average
method also allows oo many computed data pomnts to be missing at the beginning and the end
ol 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) 15 another technique of caleulating the trend value {refer o equation
2058 Iois stated as follows, that LSM is chesen as the best fitling line, that line that
mimmises the sum ol the deviation of the observed values [X,) from those predicied [ T,}. |
docs not allow any compoted point 1o be II1iSEiI;H al the beginning and al the end of the
compulation, which makes it better than the moving average method.

There wre deliciencies in the Moving Average Methods. The Maws are being
remedied i the Least Square Methods, Hence, the LSM will be adopted in this research.
However, we will still examine the Holl-winter forecasting model, which s a sophisticated
extension of exponential smooihing. The exponential smoothing is an aspect of the moving
average which provides an impression of the over all long-term movements in the dala and
permis shorl term forecasting with the shul't-m}n'ing of the moving average method, Holi-
Winter on the other hand, is a more elaborate technique, which allows for the study of trend
throwgh immediate andfor long-term forecasting” into the future. Tt is good in detecting
upward and down ward tremds in time series that exponential smoothing could not detect,
henee provides [or the study of overall movement level and future trends in a series.  The
Holt Wrrter Model does not allow any computed point to be missing at the beginning and at
the el of the forecast, which makes it function like the LSM. The Holt Winter forecasting
muodel at any lime penod ‘i’ conhinuously estimales the level of the time series thal is, the
smoothed value €, and the value of the trend (T,).  This is achieved through the solution of

the following equations

£ = U(Ep iy )+ (LUK, ovecrmmmeesenronssneeneed D
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for level of the ime series .

T, =V T, +(1-VNE; - €,5) .
for the Holt Winter trend
where &; = level of the smoothed series being computed in time period |

£, = level of the smoothed series already computed in time period -1

T, = level of the smoothed series being compulted in ime period -1

X, = observed value of the time series in period i

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

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

The LSM allows the litting of the linear trend, the quadratic trend and the exponential
trend model sccurately. The problem that arises with the LSM is that we may it a wrong
curve, This preblem is overcome by measuring the magnitude of the forecasting error, using
the Mean Absolute Dieviation (MAD):

Yl KT

Rl
n

where X, = the observed value of agricultural products al time
T, = the trends estimate of agricultural products at time t
n = the total number of observatioh
IT a model were to fit the past time Ezriﬂs.p:rﬁz:ltyi the MAD will be zero and If a
madel were Lo Nt the past time series poorly, the MAD will be large. Hence when comparing
the merits ol two or more forecasting models, the one with the minimum MATD can be selected
as the most appropriate based on the past fit of the given time series. The time plot can also
reveal sithiectively the it of the trend. Time plot is the first step in time series analyses, that

15, the plot of observation (X, ) against time (T,). The Yule Walker equation (equation 2.40)
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ol the partial sutocorrelation is used to determine the best fit for an Autoregressive Moving

Average (ARMA) Process.

4.2 The Knowledge Base
I he knowledge hase conszists of a network of semantically related structure (static) and
instructured (dynamie) knowledge of tune senes analyses, The static knowledge is acquired
throngh the study ol lextbooks, leehnical reponts, journals, conference proceedings and lecture
notes,  The heunstic (experiential) knowledge 18 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 senes is conceplualised as a relation and each
altribute of the relation describes temporary chnr?Flﬁisli: of the time series. In representing
cacl relation normally the attribute which stands for the primary key 15 underlined. The sels
ol relation are presented in the following:

n. DataEniry (Filenamed, Y car, Quantity)

FomePlon (F lenmmes, InitialYear, FinalYear )

,_

Trend [_|-'jl::uumﬂ.Iuil!ini"r’ear, FinalYear )
il Exponential (Filename$ Initial Y ear, Final'Year)

Parabolic (Filenames. Initial Year, FinalYear )

LE]

f. BestFit (Filenames, Initial Year, FinalYear )

i Correlogram { Filenames. Initial Year, FinalYear)

I Autocovariance (FilenameS$, InitialYear, FinalYear)
I Autecorrelation (Filepames.Initial Year, FinalYear )
: 8 YuleWalker (Filenamed, Initial Y ear, Fijln;*r’eur}

k. HoltWinter {Filepame$, InitialYear, FinalYear)

The above relations are structured knowledge., The unstructured knowledge is used
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Step 4:

Slep

Slep &:

Slep O

{If the row matrix is not equal (o the column matrix then
interchange the row and the column matrix. ]

Fordl=1+ 1., ndostep 5 and 6

Step 5: Set my =a,/a;

[my; 15 a matrix with row *j”" and column *i'. a; is a matrix with
row '}" amd column 1", a; is a matrix with row " and column
e

Siep 6 Perform (E-mgE) ** (Ej)

[F; is a row matrix while E; is a column matrix. m, is a matrix
with row *j" amd column 'i".  Interchange the row of the
expression Ei-myE, with Ej. |
If a,=0 OUTPUT ('no uiique solution exist’):

STOP.
Set X, =a, .. /o, (start backward substitution)
| X, 15 the inlermediate solutions, a, ., is a matrix of row ‘n’,
column "n+ 1" while a,, 15 a matrix with row *n" and column 'n’.

The result of a, ., /a,, is substituted into X, ]

Fori=n-1, ... 1, set
L B
[ L Bt e i: arlx_l ]
k fuing T
X
IEIII:

[ X8 the final solution to the problem. )

atep k. OUTPUT (X, | .. X, ) (procedute completed successfully.) STOP.

[Richard L. Burden, 1993].

4.3.1 Procedure for Parabolic Trend

Parabolic trénd is a polynomial relationship between two variables (the two variables in our
study are the observation and time). The relationship between the two variables as presented
i equation 3.6.1 s also called a curvilinear polynomial nonlinear relationship. The nonlinear

equation is roduced Lo a linear equation by substituting for the time (1) variables. The linear
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pisthlem is solved using the Gaussian elimination method given as follows:

INPUT

OuUTPUT

Slep 1

slep 2

Step 3

Slep 4.

number of unknowns and cquations n; augmented matrix A =
{aij} wherek = "r~-'= nandi s jsn+ L.

[A 15 a two dimensional array of malrices aij where ‘i’ is the
number of rows and 'j’ is number of columins. 'k is the lower
hound of *i* while ‘n' is the upper bound. *i" is the lowet bound
of 'j" while ‘nt1' is the upper bound |

solution X,, X;, X, or message that the linear system has no
unique solution.

[X), X5 _ X, are the output to be generated]

Fori=1 ... n-1dosteps 2 - 4 (Elimination process),

Let p be the smallest integer with i< p< nand a, # 0,

['p” is an integer variable that holds value i’ and 'n’ inclusive.
d, 15 8 matrix location at row ‘p’ and column *i')

IT 1y integer PP can be Tound

Fhen oulput {no unigue solution exist)

Stop.

Ifp=1 then perform (E,) **  (E)

[If the row matrix is not equal to the column matrix then
mterchange the :m‘!:-:. ;nd the column matrix. ]
Forl=1+1,.n dc; step 5 and 6

Step 5 Set my = ayfa;

[mj; 1= a matrix with row 'j" and column *i', a, is a matrix with
i i

row ‘j" and column *i*, a, is a matrix with row ‘i’ and column



i

Step 6: Perform (E-myE;) ** (Ej)

| E; is a row matrix while E, is a column matrix. my; i a matrix

with row 'j" and column *i°,  Interchange the row of the

Rl

expression E-myE;” with Ej. )

Slep 7 IFa, =1 OUTPUT (*ne unique solution exist'):
STOP,
Step &: Set X, = a, .. /a,, (start backward substitution)

[ X, is the intermediate solutions. a_ ,, is a matrix of row ‘n’,
column “n+1' while a., is a matrix with row ‘n” and column ‘n’.
Ihe result of a . /4., is substituted into X, |

atep O Fori=n-1, ...1,sel

| rl]l.""l " i EHHJ ]

i ]
Xy
I

[ X, is the final solution to the problem. ]
slep 1 OUTPUT (X, . .. X, ); (procedure completed successiully.) STOP,

[Richard L. Burden, 1993].

4.3.3  Procedure for Exponential Trend &b
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) Tor exponential trend as presented in equations 3.6 and 3.7 is as follows:

.
Dimension Observation, Year
Input Initial Year, FinalYear

Inpul € Yhaervation, Year
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Upen file for input
Yeorl = Value of Initial Y ear
Imitiadize Counter],Counter2, Number, Sum of Observation, Sum of Year
While not End of File
Inpul Observation, Year
I FinalYear = Yearl then
Counter] = |
Number = Number +1
Sum the Observation
Sum the Year
Endifl
If Final Year = Yearl and Initial Year == Yearl then
Counter2 = |
Mumber = Number | |
aum the Observation :
Sum the Year '
Endif
Wend
For T= | lo number
Calculate

.'rEr.1|:n}rt - [Et.::' [Elﬁ}ft]
pELS ~i(Te.)e

where X, = the value of the observation for each year
L, = ¥alue that represent each year
= vilue that represent the final year
Calenlate
A Lnx, = b
= E:{lt
where InX, =

e 1
e ey Al Etlr

=t

¥

MNext T
Output the result

slop b

4.3.4 Procedure for Partinl Aulocorrelation

e partial awtocorrelations is used for estimating the parameters of sample agricultural
products taken for time series analyses, Partial autocorrelation is also called the Yule Walker

cquations as depicted m equation 232, The procedure for solving the problems are in two

i
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steps. The first step is the procedure (pseodocode) for solving equation 2,19, The second step

15 o feed the result of the Tirst step into equation 2.32 and then use the Gaussian eliminalion
algorithm o solve the equation 2.32.
The fivst step

[Mimension Observalion, Y car
il Initial Year, FinalYear
Input Observation, Year
Open file for inpul
Yoarl = Value of InitintYenr
fnitinhise Counter ] Counter2, Number, Sum of Observation, Sum of Year
Wiile not End ol File
Input Observation, Year
If FinalY ear = Yearl then B
Counterl= |
Mumber = Number +1
Sum the Observation
Sum the Year
Endil
I FialYear = Year] and 'utialYear == Yearl then
Couplerd = 1
zndif
Number = Number +1
Sum:-the Observation
sy Hve Yeir

BT
Wend
faleulanle
I.I'la-i
}FE (X~ ZHA, - %) ¢
Py | 1—1 =tk E = 123.m-1
mx e
lzi‘f‘._ﬂ}? @
LT

where X, = the value of the ohservation for each year
# = Sum of observation divide by lotal number
n = value thal represent the final year

Chutput the result

Stop

The Second Step

IMNPUT number of unknowns and equations n; augmented matnx A =

(i) wherek <i = nandi < jen+ 1,
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OuTPUT

Step e

alep 2

alep X

Step 4

Slep 7:

Slep 8:

[A 15 a two dimensional array of malrices aij where ‘i’ is the
number of rows and 5" is number of columns. 'k’ is the lower
Bound of 1" while 'n’ is the upper bound. *i” i= the lower bound

of *j" while 'n+1" is the upper bound]

sohition X,. X5 _ X, or message that the linear system has no
unigue solution.

| X, X5 X, are the output lo be generaied |

Fori=1 .. n-1dosteps 2 - 4 (Elimination process).

Let pbe the smallest integer with 1< p< nand a # 0,

|'p® iz an mteger variable that holds value 'i" and ‘n’ inclusive.
i, 18 a matrix location at row “p' and column i’

If no integer P can be found

Then oulput {no unique solution exist) "

Slop.

-

ITp#i then perform (E) ** (E)

[17 the row matrix is not equal to the column matrix then
interchange the row-and the column matrix. |

Forl=1+ 1., ndostep5and 6

Slep 5: Set my; = afiy

|1 15 @ malrix with row °j" and column ', a; i3 a matrix with
row 1" and column "1’ . a; 15 a matrix with row *i' and column
N

Slep 6; Perform (E-myE;) ** (Ej)

[E; is a row matrix while E; is a column matrix. my, is a matrix
with row *j" and column *i".  Interchange the row of the
expression E-mgE; with Ej.]
If a, =0 QUTPUT ('no unique solution exist’):

STOP.
Set X, =a, . fa, [;ta:t‘l backward substitution)
[ X, i5 the intermediate solutions. a_ ., i5 a matrix of row ‘n’,
column ‘nt 1" while a_, is & matrix with row ‘n" and column ‘n’".

The result of a, . /2, is substituted into X |

-



 Slep 9: Fori=n-1,...1, sel

[Laiies == i a,.X, ]
¥ . §m1+1
44

| X, 15 the final solution to the problem. ]
slep 10 OUTPUT (X, , .. X, ). (procedure completed successfully.) STOP,
[Richard L. Burden, 1993].
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CHAPTER FIVE
SIMULATION OF TIME SERIES
I'his chapter presents the procedure for simulating the time series analysis model. The
cnse Sludy of nee production m MNigena from 19266 to 1996 15 camied out to test the
prachical usafulness of the model and simulation procedure. The oulput reports generated

were realised and meaningful in content and context,

=g The User Interface

The time series researcher simulates the time series model of Agricultural products via
the user interface in a lop down manner and gains access to it by supplying valid user’s
e and password, both of which serve as the access control mechanism.

A user inlerface design must take mto account the needs, expenence and
capabilities of the system user [Sommerville 1., 1992]. Sommerville further stated that
the following general principles shouhl guide user interface design.
a1, The mterface design should use terms and concepls, which are familiar to the

inticipatcd class of users.

b e mterface should be appropriately consistent.
& Phe users should not be surprised by the system.
d. The interface should include some mechanisms, which allows users lo recover

from their errors.

£ The inlerface should incorporate some form of users’ guidance.

Bearing these points in mind, the system design is user friendly, interactive, easy

= N

to use and menu driven. Any oplion 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 inferactive, This 1s done in order to cater for the needs of

both the experienced and inexperienced agriculiural researchers in the use of computer
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systems, who may be interested in the use of the ~ackage for lime series annlyses. A user
15 given an opporiunity to select a command from a menu by typing the Tirst letter of that
selection of by navigating with the arrow (Cursor) keys to the desired option and pressing
the ENTER key to activale il or by using the mouse to choose the appropriate command.

The memna system resembles that of the State of Food and Agricultural Package
[FAOSTAT T8 - SOFA%M]. For example the prl;ﬁ:msnd design is an improvement of the
SCHASG The sereen s well arrangei] according to the data to be analysed ad end users
are actively epgaged in an inleractive manner for the purpose of directing the simulation
process, whereas in SOFAY6, one analysis stage automatically calls the other withoul end
user intervention.  Users have the right to terminate operations and exit the sysiem
cepecially when it becomes necessary to do so, The user also has the option to back oul
1o the upper menu if desired. This is not the case in SOFA96 case where end user will
nol know what to do to quit the system especially when he or she has to quit operation
without carrying a process lhrough to a reasonable conclusion due to inevilable
circumstances,  In SOFAM 1l is assumed tlml: when one starts to analyse data, the
process will be carmed to the end.

The top-down approach adopted in the user interface is decomposed into modules
amgl sub-modules for effective system development, operation and maintepance. The
Varous pnﬂ's .Elr:: put together o form a complete whole afier each part has been
implemented, tested and found effective. The main sub systems are:

il The logping subsystem

h: I'he file subsystem

. The plot subsysiem

d. Analyses” subsystem
g, Estimate subsysiem X
I Output subsystem o

™



8 Help subsystem

Fhe structure chart of the design is shown in Figure 5.1.a through 5.1 4.

5.2 Simulation of Time Series Analvses

Simulation is, therefore, essentially a lechnique that involves selling up @ model of a real
siluptiens and then performing experiment on the model.  The fundamental rationale for
using simulation in any discipline 15 man's unceasing quest for knowledge about the
future [Naglor H.T et al, 1988]. The essence of nbserved data, usually ordered in time is
1o stidy the past oecurrences in order to use il tnhpredict the future. The time series that
hits been modelied in Chapler Four shall be used in our simulation.

The model of Time Scries Analyses of Agricultural products is simulated on a
microcompuiter with Microsofl Visual BASIC for windows, Version 4.0, for 16-bil
windows development [Microsoft Corporation, 1995], The user gains access to the
main mend of the simulation process by supplyving valid user name and password, which
serves a5 the control mechanisms to (he system. Following this, the simulation process
presents a scenarno of easy lo understand menus and sub menus. The main menu bar
conzists of, ‘File’, ‘Plot’, ‘Analysis’, ‘Estimate’, “Output’ and “Help® menus. The menu
options are disabled until you click the menu with the mouse or press ALT plus the
underhined letter in the menu, Navigale the menu Ih].f using the ARROW keys and make a
sclection by highlighting an item and pressing ENTER key. To back oul of a selection,
press the ESC key. In using the mouse, the left mouse bulton 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 bul leaves him to make the
linal decision.

[he simulation program is Microsoft wiqdnw based. Al the windows deskitop,
double click the project folder to open for you a number of icons. then double-click the
simidation progeam icon aned the banner depicted in Figure 5.2 is displayed on the screen.
| e baaner holds tor o shor while on the screen before the login menu depicted in Figure

5.5 45 digplaved on the screen.

KBSTSAAP Version 1.0a

Knowledge Based Server for
Time Series Analyses of
Agricultural Products

Ieing an M, TECH. Project Submilted to:

Industrinl Mathematics and Computer Science Department

| I edderal University of Technology, Akure

inder the Supervision of: Prof. 0.C. Akinyokun,
Professor of Computer Science

By: Mr. A. A, OBINIYI

Copyright © Obinkyi & A, 1999,

Figure 5.2; Opening Screen
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KBSTSAAP Login

Name:

Password:

i (it \ . UK

[ Please enter vour name: l

Frgure 5.0 Login Menu

I he 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

| File Plot Analyses LEstimation Quipui  Help

Fignee 3.4 Main Screen



Knowledge-Based Server for Time Series Analyses of Agricultural Products

Eile Plot Analyses Estimation Qutput  Help

Seasonal
W

Blew Progluet [
Ajpspenidd Recod

Lk ool
ERelone Beeol

P = 5 Fele Sobmienw

The mmn menu has the options ‘File', ‘Plot’, ‘Analysis', *Estimation’, *Output’ and
‘Help®, Clicking the file or pressing All —F displays the file submenus as depicted in
Figure 5.5, The selection of the oplion ‘New Product” calls on the screen the submenu
depicted in Figure 5.6 and this gives room for the dala entry for yearly data of the new
product which serves as the object of simulation at this point.

I'he append record submenu contains tm}. other submenus namely, the seasonal and
yearly submenus which allows you to append data to a record, The menu shown in
Figures o allows vearly data entry, Owr emphasis is on the vearly data entry since our
stmilatiom shadl be corricd om using the yvearly agricultural data,

Choosing append record displays the submenu as depicted in Figure 5.7, This submenu
allows v o to add new data to the existing record; it also allows you to edil 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 guit 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.

Ta




New Product

Product:

Year:

uantity:

QEAY EDIT

EXIT

Figure 5.6: Data Entry Submenu

Append Record Menu

Fils Naiie: ll_rnk_tu—n
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Figure 5.7: Append Record Submenu
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Figure 5.8: Delete Record submenu
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Figure 5.9: Plol Submenu
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Figure 5.00; Time Mol Submenu

| 'he .-:.L:.;uml session bepins when the option “Plot” is chosen in Figure A4, Al the
instant of selecting this option, the submenu depicted in Figure 5.9 is displayed on the
sereen:  This submenu presents the options “Time Plor®,  “Trend’, *Best Fit' and
Cormelogram’,. Chcking the plot or pressing Al-P displays the plot submenus as depicted
i Figure 5.9, Selecting the * Tinc4'lot” option displays the submenu in Figure 5.10. This
sibimenu presents oplions of agricullural products that can be selected for tme plot
anialyses, Tor 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
ype in the initial year and the linal year 10 be used for ploting the graph. The “okay’

button can be pressed or press All-0 for the specified duta 1w be exported o the



spreadsheet where the graph will be plotted. The data is exported to the spreadsheet by the
use ol the graph control (GC), object link and embedding (OLE) and the dynamic data
exchange (DIE) capability of Visual BASIC. In case there are needs for any recorded
it virloe 1o be modified, the edit button is provided to allow this. 1T the agriculiural data
s mare than what is seen i'n. the file list box, a scroll box is provided to seroll to other
avarloble agricultural products so thal they can be selected for time plot analysis. The
spreqdshect made provision for the plotting anil‘I’&cnt type of graphs such as line, bar and
!-'-.czill-:r 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

subimenus.

Linear trend Submenu Hﬂ X

]IIL‘_H.EE]E' ||.4[.1nlun—|_| ' I
! L OEAY

Miaze dat | ! .[:I_I:‘

Hicedat [ ' : ":
i Wam.chat [(vb ED

|
EXIT

Imitial Venrs Final ¥ ear:

e 4 ‘

Figure 5.11: Lincar 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 aptions of maize, rice and yam in the fle list
hox tor selection by the agricultural researcher. A seroll bar is provided in case there are
more agricultural products than can be displayed in the file list view box. The scroll
arrows and Lhe 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 o be used for plotting the linear

B2



graph. Ina situation where there are needs for any recorded data value (o be modified, the
edit button is provided to allow this.  The *Okay’ button or AI-0 is pressed when you

have linished for the data to be exported to the spreadsheet and plotted.

Expanential Trend submenu H | | X

File M rI..1.|1115_|.1|—|_I
: il LAY
Maize dat | ! e i
Rice ki iy i EMT
Y ki 1 L |
EXIT
Initial ¥ear N Final ¥ear:

Figure 5,12 Exponential Trend Submenu

Mext 1o the linear trend submenu as depicted in Figure 5.9 is the exponential trend
submenu as shown in Figure 5,12, The submenu presents oplions of agricultural products,
for exiumple, maize, rice and yam that can be selecled from the [ile 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 displayved by using the scroll bar that is provided in the file
st box. A text box 1s provided to type in the initial and the final vear to be used for
plotting the exponential graph.,  The edit button is provided in case there is any data (o be
muhified,  The “Okay™ button or Al-C) 15 pressed when vou have [imished for the data to
be exported o the spreadsheet and plotted,

At the instant of selecting the parabolic trend submenu, the submenu depicted in
Frpore 513 is displayed onthe Screen.  The submenu presents the option of agricultural
prewducts snch as maize, rice amd yam thal can be selected For parabolic trend analysis. A
seroll bar 15 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 agriculiural products. On selecting any of the agricultural
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products. a text box is provided Tor the end user to type in the initial and the final year to

he used for plottimg the curvilinear graph.

chintin o e modified

The edit button is provided in case there is any

Click the Okay button or press All-0 when you have finished for the

dala to be exported 1o the spreadsheet and plotted:- ™

Parabolic Trend Submenu

T
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I--I I I i -
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| EXIT
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Figure 5.13; Parabolic Trend Submenu
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Figure 5.13: Best - Fit Submenu

he best-fit model pets the best out of the linear, exponential and the parabolic

trend that [its 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.

I'his submenu presents the option of agricultural products that can be selected for

e series analyses, for instance, in Figure 5,14, there are option of maize, yam and rice.

In case the agncultural products are not all displayed in the file list view box, the hidden

B



products can be displayed by using the seroll bar that is provided in the file list box. There
15 lext box provided to type in the initial and the final year to be used for plotting the best-
it graph ot the selection of any of the agricultural products.  The edit button is provided in
case there is any data 1o be modified.  The Okay button or Alt-0 is pressed when you have

limished for the data to be exported to the spreadsheet and plotied,

Correlogram Submenu Hﬂ X

ILLlL_h‘.Iulu_: : ! fleJw._l
1 > || OKAY
Maize.dat | 3 , =
Ricedit  [— LI | EDIT
Yamdat | L —
EXIT
bonitial o Finl Year:

G2 I I

Figure 5.15; Correlogram Submenu
Ihe fast submenu in the plot submenu is the Correlogram, This is the plot of the

atoorrelation  function against the function tisell. At the instant of selecting the

-

correlogram aplion, the submenu depicled in Figure 515 is displayved on the screen, A
scroll bar is provided in case there are more agricultural products than can be displayed in
the file Tist view box. The scroll bar can be used to scroll up and down 1o select the hidden
apriculural products. On selecting any of the agricultural products, a text box is provided
lor 1o end user to type in the initial and the ﬁnal‘:ﬂ:ar to be used for plotting the best-fit
graph. T situation where there are necds for any .rt::nrdf:d dala valuc to be modified, the
ceit button is provided o allow this.  The Okay button or Ali-0) is pressed when vou have
linished for the data to be exported to the spreadsheet and plotted.

The tliir;:i session starts when the option °Analyses’ is chosen in the submenu

depicted in option Figure 5.4 Clicking the Analyses or pressing ali-A displays the

]



analyses submenu depicted in Figure 5.16. This submeau has the options * Awtocorrelation’

amnd “Partial Autocorrelation”.

knowledge-Based Server tor Time Series Analyses of Agricultural Products

L Brle Blot Analyses  Estimation Qutput Help

| oo elatiin |

Figure 3. 16: Analyses Submenu

Selecting e Awocorrelation’ option in the submenu displays the submenu
depicted e Figuee 5 170 This submenu presents oplions of agricultural products that can
e selected Lor the autocorrelation analyses, for example, there are oplions of maize, rice
andd yam in the Hle List box. Scroll bar is provided for scrolling 1o display the hidden files

.
mocase e dota m the Ble LSt box s more than what 15 viewed m the Gile hist box, Al the
selection of any ol these products, there 15 o lext box lor the end user W lypg in thie sl
year and the final year to be used for displaying the autocorrelation data and plotting the!
oraph. The okay button can be pressed or press Al-0 for the specified daia 1o be éxporied

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.

Autocorrelaiion Submenu h..r 1 X

Loilee Baignas:
||' |[ OKAY

Wi adisl | e
ic _k’_ | B !
e L H T l1 EDIT
Yaim.dai ] S
L] |
EXIT
Inital ¥em Finpl ¥ear

Lk | |

Fiewrd 5.1 T Aatocorrelation Subanen



Al the selection of the option partial aulocorrelation in the analyses submen}!' ﬂpa
peertial atocorrelation submenu depicted i figure 518 is displayed, The submenu of
agricultural products: for example; maize, rice and yam thai can be selected from the file
list hesx 1or parhial autocorrelation analysis.  In case the agricultural products are nol all
displayed in the file list view box, the hidden products can be displayed by using the scroll
baar that is provades] in the file st box. There 15 text box provided to type in the initial and
the final year o be vsed for displaying the partial autocorrelation data and plotting the
proph.  The :I:eljl button is provided in case there is any data (0 be modified.  The Okay

bulton or Alt-0) 15 pressed when you have finished for the data o be exporied to the

spreadsheet and plotted.

| | Mlaize.dat " =
| Hice, dui | L . EDT i
Fam.dal Civb - i
: Rl LI T Lt S

TIRAT "rq.-u il % e

? ey S

Figeire 5 18 Partial Awtocorelation Submenu

konow ledge-Based Server for Time Series Analyses of Agricultural Products

Eile Plot Analyses Estimation CQutput  Help
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Yule Walker
Husbl-Wanders

Figure 3019 I shimate Submen
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The fourth session heging when the option “Estimation® is selecled from the
submenn depcted i Figure5.4. Al the selection of this oplion, the submenu depicled in
Figure 519 15 displayed on the sereen,  This submenn presents the oplions *Yule Walker',
andl ‘Hol-Winters'. Selecting the "Yule Walker' oplion displays the submenu depicled in
Figure 5.20. This submenu presents the ophons of agricultural products that can be

selected for estimation analyses, for example, in Figure 5.20; there are oplions of maize,

rice and yamy in the file list box. Scroll bar is provided Tor scrolling to display the hidden
les in case the data in the lile list box is more than what s displayed in the fle hist box.
Al the selection of any of these products, there is a lext box for the end user Lo type in the
inhial year amd the lnal year fo be used lor plotting ile graph. The okay bullon can be
pricsed or press AN for the specified data (o be exporied 1o the spreadsheet where the
graph w.'l be plotted.

The next submenu to the Yule Walker submenu as depicted in Figure 5.19 is the
Holt-Winters submenu, which is digplayed in Figure 521, The submenu presenis the
options of agricultural products; for example, maize, rice o vam thai can be sclecied
rom the file list box for Holl-Winters analysis.  Inoa situahion where the agricultural
products are not all displayed in the file list view box, the lndden 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 fnal year (o be used for displaying the Holi-Winters data and plotting
the graph. There 1s a provision for the edit button in case there 15 any data to be modified.
Press the Okay button or A0 when you have Anished for the data 1o be exporled to the

spreadsheet and plotled.

it



Yule Walker Submenu Hﬂ X
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Ipore 5,21 Holt-Winters Submen

The second to the last session starts when the oplion *Output’ is chosen from the
submenn depicted in Figure 5.4, Clicking the option Output or pressing Ali-O displays
the Output submenu as depicted in Figure 522, this submenu presents the options of
agricithueal products that can be selected for i!ll’[p‘r.;l. For example in Figure 5.22, there are
aptions of maize, rice and vam in the file list box. Screll bar is provided for scrolling to
display the hidden files in case the data in the file list box 15 more than what is viewed in
the file hist box: At the selection of any of these products and pressing the Okay bulton or
Alt = O, another submenn called the print submenu is displayed as depicted in Figure 5.23.
This submenu 15 used to display the series data that could be prinfed such as time plot,

hinear trend, exponential trend and parabolic trend.  Scroll bar is provided for scrolling to
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Output Submenu ain w

Milennime! Lok in :
=i =
'
Maizedat | ! =3 !
Rice,clnt Co Cancel
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] Fixit
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display the hidden data in the hile list box. At the selection of any of these products, there
: . ; TRrrT " g o Oy
is i texl box for tie end vser o type in the initial year and the final year in'be used for
printing the time senes data.  Selecting any of the time series data and pressing Print or
Alt - r prints the time series data.  Press the cancel bution 1o cancel the submenu and the

action taken so far and then return to the output submenu,

Print Subimenu H | | A

Sieriee [liski File Nime: _II.nnLIn
Time Pledt -
Linear Trend ) L Print
Exponential Trend vk
Parnbolic Trend 1 o]
Cancel
Inilinl ¥ e Final ¥ear:

]

Figure 5.23: Print Submenu

he last option in the submenu depicted in Figure 5.4 is the Help menu, This menu
containg the ‘Tntroduction 1o KBSTAAPT, "Tuterid]l’ and *About KBSTAAP.  Selecting
the option Introduetion 10 KBRTAAP pives a brief introduction to the software as
depicted in Figure 5.24, Al the instant of the selection of the *tutorial’ option, the submenu
presents a list of witorial topics that will assist the users in understanding the soflware as
displiaved 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

KBSTAAP, 'Looking over the HBSTAAF’."EEIming a menu’ and ‘Working with
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RASTAATR 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 Wtorial option
dhsplays a step by step explanation on how to use the software based on the topic selected.

Clicking the option About KBSTAAP displays a screen that gives a brief explanation

aboul who produced the sofiware and where it was produced as displayed in Figure 5.26.

Intraduction o KBS TAAP
Welcome to KBSTAADP,
Click on Tutorial to get a step by step instruction on this package.
This package provides a time series analyses of agricultural

products.  Aboul KBSTAAP gives a brief explanation about who
produced the soltware and where KBSTAAP was produced.

Figure 5.24: Introduction to KBSTAAP

Tutorial Submenu ﬂ X

Haow bouse KBS TAAP
Okay
Stmting KIRSETAAP '
Pk e over the KBS TAATD screen Cancel
Seleching @ femi |
'|'-.-_u:l. ing with !ﬂﬂ FAADP files Exit

Fipure 5.25: Tutorial Submenu

About KESTAAP

KBSTAAP is a time series amlysesﬁlzackage produced as an M.
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.
0.C. Akinyokun, Professor of Computer Science, FUT, Akure,

Figure 5.26: About KBSTAAP
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5.3 A Case Study of Rice Production in Nigeria from 1966 (o 1996
Rice production m Nigena 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

= —

MNigeria from 1960 to 1996 and the resull is found 1o be the same in the exient to which

FAOSTAT TS was developed as presented in Chapter three,

531 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 lime series data. To this, the simulation uses
the Graph Contral (GC), Ohject Link and Embedding (OLE) and the Dynamic Data
Exchange (DDE) features of the Visual BASIC to plot the graph. The Graph Control (GC)
acts us o link between the application atd the graphic service graphing and charting library.
The Object Link and Embedding (OLE) allow the display of data from many different
applications in wiich il was crealed. Using the Spreadshect application in OLE exposes a
worksheel micr sheet, chart, cell or range of cells, as different types of objecis. The OLE
conlmner control creates a link object in the software. Dynamnic Data Exchange (DDE) is
an established protocol for exchanging data for active links between applications that run
under Microsoft windows. Il allows applications to directly exchange and continuously
exchange data with other windows-based applications that support DIE [Microsoft
Corporation, 1995], In all, GC, OLE and DI'.I;E. are windows hased, hence, used to
support the production of this software. Line graph, bar graph and scatiered graph are the
three mam method of graphing adopted in this thesis, though, it is only the line graph that
15 printed and attached to this dissertation,

T start the simulation of the time series an%lym‘ double click the project folder on
the Windows "95 desklop and then double elick the simulation icon to display the screen

depicted in Figure 5.2. The correcl users name and password are supplied to the system in

L.



Figure 5.3 1o display the main menu screen in Figure 5.4, The data of rice produetion in

Migena displayed in Figure 5.27 is supplied to the system.

"

New Product

[4E

Product:

Y ear:

= e ———

‘ CQuantity:

l OEAY |

i

Rice

| ity

Y

EMT

EXIT

Figure 5.27: Data entry submenu
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The simulation allows you to append a new data to the data entered earlier; the

case of ree produced in Migeria is depicted in Figure 5.28. It also allows the editing of the

mprut dita at will.  The data that are entered is used by simulation package o produce the

following statistics:

Number of vears in Estimation = 31

Minimum = 199
Maximum = 3303
Range = 31 (14
Average = 100.129
% Range = 1.226
Mean = 1373.065

sln = 1065420

.k [
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IFigure 5.:7_'!-!: Append record submenu

With reference to Table 5.1, il is seen ﬂialjh‘c year with the highest production in
thousands is 1989, This might be due to g::w:r;lll'nml 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 o the increased cost of living, 1966, which
wiis the first year in the estimation, wilnessed the year in which the least rice was grown in
Nigena

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 Hi.ge;ria between
1974 and 1978 with the least produced year within the period being 1976, This might be
due 1o instability in government and government policy around thal time,

The year 1986 to 1989 witnessed a steady growth in the production of rice in this
Nigeria with a lot of vardation from the year 1989 t.n- 1996. The growth of rice production
from [986 to 1989 and the constant fluctuation from 1989 (o 1996 must also have
connection with the external and imemal policy of the Federal govemment and the
people’s displ;asitinn to growing rice, The time plot of rice production in Nigeria as shown
in Table 3.1 is presented in fipure 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

a4



obscrved from the time plot that the series contains the trend and little seasonal factors.
The graph 15 shown in Figure3.30. The simulation produces the following statistics.
Number = 31

Mean of log transform = 6.8701

Variance of log transform = 206.1042

standard deviation of log transform = 14.3563

The software can Torther be used o analyse the linear, exponential and parabolic trend of

5

the time senes m olher lo forecast the future production of rice in Nigeria,

TABLE 5.1: Log Transform of Rice Production in Nigeria from 1966 to 1996

| S/No | Year Observation l.og Transform
B 1966 LA R 5.2933
2 1967 | 385 | 5.9532
3. 1968 151 5.8665
4. 1969 152 5.80636
5 (R0 143 2.8377
i 1471 IhE 50610
3 1972 447 6. 1025
8 1971 487 6.1883
9, 1974 525 6.2634
10, 1975 50 6.2226
11 1976 218 5.3845
12 1977 408 6.0113
13, 978 | 515 6.2442
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

LY
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Year
1986
1987
1988
1989
194910)
1991
1992
1993
1994
1995
| P96

Observation Log Transform
1416 7.2556
1780 74844
2081 1.6406
3303 B.1026
2500 1R8240
1226 E.07%)
1260 E.OR9%
065 B.0278
2427 7.799%4
2920 7.9793
2 e o | RO462
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Fig. 5.28; Time Plot of Rice Production In Migeria from 1968 to 1996
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542 Linear Trend Analysis of Rice Production In Nigeria from 1966 to 1996

The simulation of time series gives a lot of freedom in the analyses of data =Wy ToRmEof =
year conld be chosen from 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:

I'he cyuation is given by

Y =-385.1677 + 109.8895t N
Total Sum of Square (S5T) = 315188693.8710

Residual Sum,of Square (SSR) = 29947750.2726

sun of Square Error (SSE) = 52400435984

sbnoikiard Error of the Estimate (SEE) = 4251143
Coefficient of Determination R = 0.8511

CoelTicient of Correlation R = ().9225

Addjusted cocfficient of correlation R = 0.8459

Standard deviation = O821.8817

Amnalysis of Variance

Due to DF a5 MS = 558/DF
Regression | 29847750.2726 29947750,2758
Residual 29 5240943, 5984 BO722.1930
Fotal an I5188693.8710

F-Ratio = 165.7115

Looking at the trend produced, it 15 seen that the slope bt was computed to be -
W8S 168, Tt implies that for each increase of one unit production of rice in Nigeria in time
(1), the value of ¥ which is the dependent variable increases by 1098895 units of rice
production. Thus for eacl increase in a year ol rice produced in Nigeria, the fitted model
predicts that the production will increase by 109 metric tonnes of rice, The Y intercept is

computed to be 3851677 when time is zero. - This is expressing the portion of the



production of rice that varies with factors other than time since the time (1) can never he
zero, The regression model 12 used 1o predict the future production of rice i Nigenia as
seen in Table 5:2 and depicted in Figure 5.31.

From the table, the predicled value for the year 2002 15 3680.7444, which is in
thousands,  Thas imphes that the predicted average yearly production for the year is
36807444 melric lones of riucr -Tlu: coefficien! of determination, which is attributed 1o
time (i), 1s 85% while the remaining 15% are atinbuied to factors other than time. This
maintains the fact that, there is strong relationship between rice production in Nigena and
e, The standard error of estimate (SEE) which measures the vanability around the
litted regression ling 15 4251143 while the standard deviation wloch measures the
variability around the anthmetic mean 15 9828817, The correlation between the amount of
rice produced and time is Y42%, which further indicate a very strong relationship between
the rice prmll.n:tiun and time.  Furthermore, the 86% adjusted coefficient of comrelation
between rice prodduction and time symbaolises that the relationship between rice and lime
can also be explained with respect to multiple regression models — adjusted for number of
prediclors and sample size, 11 can also be tested whether a significant relaticnship exisis
hetween rice production in MNigeria and time (t) by using the null hypothesis. 11 the
hypothesis is rejected, one concludes that there is the evidence of a linear relationship. The
null hypothesis could be stated as follows: .

He= b =0 There is no linear relationship between the dependent variable and

the explanatory variable.

Hi= [ #0 There is a linear relationship between the dependent variable and the

explanatory vanable,

Using the F-test in the analysis ol vanance table al (LO5 level of signihcmw:, it is
discoverad thal the eritical region, F29, 1 (0.05) = 4.17<165.712, Thus il critical region

{rejection region) of the I table in the Four-Figure Table, that s, F29 a 05 (5%) level of



sigrihicance with the mimiher of explanatory variable (p) equal to 1 (1) and the degree of
frecdom (n-p-1) equal to 30, we have F29, 1 (0.05) = 4.17<165.712. The decision rule
stated that when I ocaleulated is greater than F tni‘z:n from the Four-Figure Table the Ho
liypothesis is rejected while the Hi is accepted. Now the F calculated in the analysis of
varianee 15 165,712 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
18 rejected and the fact that i3 a strong linear relationship I:unlwe-en_ rinuflgliqlt:l}l::lim] in

i 'I':'.i':t'-'-i*’r'c
Migeria and time 15 accepled,

TABLE 5.2: Lincar Trend Analysis of Rice Production in Nigeria from 1966 (o 1996

SiNo | Year  Observation Trend Residunl
I 1 1966 RUTH 2752782 4742782
2 ! 1967 185 - 1653887 5503887
1. P68 153 -55.4992 4018.4992
4 1964 152 54,3903 297.6097
5 1970 143 1642798 178.7202
i 1971 188 274.1694 113.8306
3 1972 447 184.0589 629411

8 1973 487 493 9434 -6,9484

0, 1974 525 603.8379 -78.8379
10, 1975 504 713.7274 -209.7274
|1, 1976 218 §23.6169 -605.6769
12, 1977 08 933.5065 -525.5065
13, 1978 515 1043.3960 -528.3960
14. 1979 750 1153.2855 -403.2855
5. 1980 1091 .1263.1750 -173.175
16, 1981 1241 1373.0645 -132.0645
17, 1982 | 250 14829540 -232.9540
8. 1983 | 280 15928435 -312.8435
19, 1084 1301 1702.7331 -402.7331
20, 1983 1430 1812.6226 1876226

oo

i r_':?.



TABLE 5.2 Continued

soniree: Food and Agricullural Organisation

SNo Year Ohservation Trend Residual
3 1986 1416 1922 5121 -500.5121
2 [ 987 1780 20324016 =252 40116
2% I ORE 2081 2142.2911 061.2911
24, 1989 3303 2252.1806 1ra0.8194
25, 141 2500 2362.0702 1379205
20, 1931 3226 2471.9597 754 0403
27. {2 32600 2581.8492 675, 1508
28. 1943 3065 2691.7387 37220613
20 1944 2427 2801 6282 -734.6282
3. 1995 2920 29 1.5177 §.4823

| 31 151y 3122 30214073 [0, 5927
32 Rt 3131.2968
33 1998 3241.1863
34, 1999 3351.0758
a3, ZE00E 34609653
il 2001 ISTLES4R
L 20012 J6R0.7444
i N3 1790.6319
19 204 3900.5234
Ji) M5 401004129
il. 20046 120030024
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533 Parabolic Trend Analysis of Rice Production in Nigeria [rom 1906 1o 1994
Applving the equation:

Yi=212.4675 +1.22861 + 33957 5.

The stalistical analvsis, and analysis of variance of the parabolic trend is given helow
Fotal Sum of Square (SST)=35188693.8710

Recsidual Sum n;'Squ:m: (S5R) = 31772147.0207

sum of Square Error (SSE) = 3416546.8503

Stiundard Error of the Estimate (SEE) = 343.2375

Coctficient of Determination R = 0,9029

Coellicient of Correlation R = 0.9502]

Adpusted Coeflicient of Correlation R = (0,.899%

Analysis ol Variance

Phie tor DF 55 ME=S88/MTF
Regression 2 31772147.0207 31772147.020
Fesichial 27 116546.8503 1178119603
Lol 29 35188093 8710

PRt 69,6851

e observation, trend and residual of rice production for the vears 1966 throueh 2006 15
civen i Table 3.3 ad the graph is drawn in Figure 5.32,

As depieted in Figure 532, the parabolic dita is plotted from Table 5.3 1o sec how
well the curvilinear repression model of the ttme senes analyses s the ongmal data
From the equation 5.2 in the statistical analysis above the Y inlercept can be inforpreted (o
iy that the predicted yearly rice production in Nigeria for a start withow any proviops

porem B G e TS aelvie o



FABLE 5.3 Parvabalic Trend Analysis of Rice Production in Nigeria from 1960 (o

TR

T
Yeur | Observation Trend Residual
| 1t 1% 217.0916 1505940
1967 K5 28,5072 1564928
| 1908 353 246.7140) 16,2830
s 352 271.7122 80,2878
L7t} 343 303.5017 399176
L071 388 342.0824 45,9176
1472 447 187.4545 50,5455
1973 487 439.6179 47,3821
| 1974 525 498.5726 26.4274.
1475 5004 564.3186 6013186
L970 214 636.8560) 4188560
1977 408 716.1846 308, 1846
| 1o7s 515 802.3045 2873045
L 197 75() §95.2158 145.2158
|98 1) 9949183 95,0817
| YR 1241 11014122 1385578
[452 1250 1214.6973 15,3027
1983 1286 133347738 54.7738
| 1984 1300 1461.6416 16L6416
1985 1430 1595.3007 -165.3007
| 1950 1416 1735.7511 3197511
| 1ugy L 780 1B82,9028 02,9928
LORH 2% 2037.02585 43.9742
198 3303 21978501 1105.1498
) 2500 13654658 134.5342
| 1226 1539 8728 66,1272
| 2 320 37210710 S38,0000
1993 3065 2909.0606 155.9394
| 2427 31038415 -676.8415
1455 242() 3305.4136 -385.4136
|43 3122 3513.7771 -391,7771




TABLE 5.3 Confinued

A,
41,

TR

TTesidnal

Year - T Observation Trend
1957 17289319
1908 3050, 8780
1994 41796154
2000 4415,1441
2001 4657 4641
2002 4906,5755
2003 51624782
2004 5425.1722
2005 S694.6574
206y 5970.9340

Gource: Food and Agricultural Organisation
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Moreover, 1o interprel the coeflicient t and U, it ig seen in Figure 5,32 that rice
preduction rises with longer years of production. The coefficient of determination l_Rj} of
the curvilinear medel says that 20% is attributed to time (1), The remaining 100 15
attributed 1o other factors apart from tme. This is strongly supported by the high
correlation of 5% belween rice production in Nigeria and time, The sljusicd cocllicent
ol corrclation ol 89% also takes into account the number of explanatory variables wnd the
ngmber of degree of freedom.

In this parabolic trend analysis, P=2, since there are two explanatory vanables, €
unil 11°s square 1t'll The standard error of estimale, which measures the varihility around
the fitted n:p.rn::!-tr.i;'ln line, is 3432325,

e explained sum of square {SSE) and wnexplained sum of sgquare (S5R) are
654685026 and 317721470207 respectively, while the total sum of square (S57) is
151886238709 The total sum of square (S8T) is a measure of variation of the Vi values
aronind their mean, The 58T can be divided into the following two categorics
B The expliined variation or sum of ﬂquurus. due to regression (S5R), that which i=

atiribuied 10 1he relationship between rice production and time.

h, The unexplained variation or error of sum of squares (SSE), that which is atinbuted
lo Faetors other than relationship between rice and time.
Although, the least square method results in the line that fits the data wath oonimiom
amonm of variation, the ftted equation is not a perfect predictor unless all the ohsomved
data points fall on the predicted regression line, Just-as we cannot expect ail the ohserved
vithies 10 be located o the arithmetic mean, in the same way. all dala points nre not
cxpected to fall exactly on the regression line.  The regression line serves as
approximate predictor of the production of nee (Y1) value for a given value ol time ()

[Mus the statistics that measure the variability of the actual production (X:) values from the

prredicted value (Y1) 15 the standard error of the estimate (SEE).



MWow that the curvilinear model has been fitted to the data, it can be used fo
determine wh;'lhn.'r there is a sigmiicant curvilinear relationship between rice prodoction in
Sigeria Yi and the number of vears of production, that is, time (t), The null and altermative
ypothesis can be sct up as follows:

He= [ =0 There is no relationship between nee prodoction(Y) i Nigena and time(t),
[ [v = 00 There iz relationship between rice production (Y1) m Nigena and Lime(t).

The hypothesis can be tested using an F-ratio test as indicated in the analysis of
variance table given by the package as 31772147.020/11 78119604 = 26096852, Thus the
erilical region (rejection region) of the F table in the Four-Figure Table, that 15, F27 a1 .05
15" level of significance with the number of explanatory variable {p) equal to 2 (1l L'}
mnld the degree of freedom (n-p-1) equal to 29, we have F27, 2 {0.05) = 4. 182600852

The decision rule stated that when F calculated is greater than F taken from the Four-
Fignre Table the He hypothesis is rejected while the Hi is accepted. Now the F calenlated
m the analvsis of vartance 15 269.6852 while the F from the Four-Figure Taple 15 4 18,
Hence we reject the Ha and accept the fact that there is a strong relationship borween rice

production in Nigera and the time.

14 Exponential Trend Analysis of Rice i'rmfm:liun in Nigerian from 16 ta {990
The exponential trend -analysis is a very important tool when a serics appears 1o be
mereasing il an increasing rate such that the percenlage difference from observation 1o
nhscrvation is constanl. Applying the equation:
Yoo 214.1775 *(1.0985)

The statistical analysis and the analysis of varance of the exponential tremd analyses is
even helow:

Todal Sum of Square (S5T) - 93049793.2247

Roadunl Som ol Syare (S5R) - 89881128, 1304



Sum of Syuare Eror (SSE) =3108665,0943

Standard Error of the Estimate (SEEY 411 .4440)
Coctlicient of Determination R = (.9659

Coellicient of Correlation R = 0.9828

vljusted Cocflicient of Correlation (Ad). R) = 0,.9648

Mean = (8701

Analvsis of Variance

I o 385 MS=S85/DF
Resression | BOBR1128.1304 BURE1128.1304
Residual 29 31686650943 . 1092643130
Total Bl 0930497932247

=R 822.6028

From the above statistics, the slope ba, which is the estimate of ° intercept, 15
41775 -.1.ri1i|:h ig the estimate of the annual rice production tate is 1OYES amd e the
time. The Y mtercept of 2141775 metric tonnes is the fitted valuc-representing production
m the liest year of the series data. The value 10985 metric tonmes of nice are (he annual
progluction rate.  The simulated ime series uses this value to caleulmie the forecast of the
series dita by substitting for the time (1), The 97% coeffictent of detcrmunation (K g i
attribed to time while the remaining 03% are altributed to factors other than the tine

The eoelhcient of corrclation (R), which is 98%, stresses the oot Dl there s
sirong relationshp between rice production in Nigena ol the time (1) o 15 prodoced. The
silinsted coefMcient of corelation of 96% also takes inlo account, the pomber of

eaplomtiory varinhles os the degree of freedom in the serics, The cxplomal sumt of

-

e £S5 E ) and unexplaimed sum of square (SSR) are 341654685020 and 31777 1470207

respechively, while the total sum of square (S5T) is 3IS5IREARIRTON.  The lulad wes ol



analysis of variance is 822.6028 while the F from the Four-Figure Table is 4.17. Since the
caleulated F value exceeds the entical F value (822.604.17), the decision 15 to reject Ho
and accept the fact that there is an exponential relationship between the dependent variable
arl the explanatory variable. The table of the above analysis is produced in Table 54

whilc the figure is produced in Figure 533,

TABLE 54: Exponential Trend Analysis of Rice Production in Nigerian from 1966

to 1996 ;
S§/No | Year ) Observation Trend Residual
i 1966 159 (2353770 136.2770
2, 1967 185 258.4550 126.5450
3, 1968 353 283.9165 690835
4, 1969 352 311.8863 401137
5, 1970 343 3426114 ).3886
6. 1971 388 3763664 11.6365
7 1972 447 413.4405 13,5593
g 1973 487 454.1702 12,8208
Y, 1974 525 498.9124 26,0876
. 1975 504 5480622 440622
. 1976 218 602.0540 3840540
12 1977 408 6613648 2533648
13, 1978 515 726.5185 2115185
14, 1979 750 798.0908 48,0008
15, 1980 1060 876.7139 213.2861
16, 1981 1241 9630825 277.9175
17, 1982 1250 10579597 192.0403
15, 1983 1280 1162.1835 17,8165
19, 1984 1300 1276.6749 23,3251
20, 1985 1430 1402.4463 27.5547
21, 1986 1416 15406059 -124.6059
9! 1987 1780 1692.3771 87,6220
23, 1988 2081 1859, 1000 37 900

111



TABLE 5.4 Continued

S/No Year Ohservation Trend Residual

24. |98 in: 20422475 1260.7525

A5 | S1<H) 2500 2243.4374 256,5625

20. 1991 3226 24644475 T61.5525

27 | e 2 320) 2H07.2302 5527608

28 1993 3065 29739303 91.0697

29 1994 2427 3266.9042 -830.9042

30 1995 2920 3588.7401 -668. 7400
[ 31, [ 4063 3122 3942 2813 -820.2813

L. 1097 4330.6512

i3, 1998 47572812

34, 1995 5225.9401

i5 M0 5740.7685

i, 2001 6306.3147

17 2002 0927.5752

IR, 2003 T610.0385

39, 2004 B359.7341

41, 2005 9183.2851

41, UM IO087.9675

Source: Food and Agncultural Organisation
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505 Dingnostic Checking of Linear, Paraholic and Exponential Trend Analvses

The simulation used the residual method of diagnostic checking to check the adeguacy 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.

e residuals of the linear, parsbolic and exponential trend analvses of rnce
production in Nigerza from 1966 to 1996 are produced in Tables 5.2 1o 5.4, The graphs are
also displayved from Figures 5.31 to 5,33, The method with the least residual of all the
models analysed revealed the most adequate methad of time series analvses for a particular
product,  In this case, of rice production in Nigena, the most adequate model so far
discussed 15 the parabolic trend analysis. This is gotten from the mean absolute deviation

(MAD) discussed in 2. 12 and 4.0

5.3.6 Principle of Parsimony of Linear, Parabolic and Exponential Trend Analyses
Principle of parsimony 1s the act of selecting the simplest model that gets the me senes
problem solved. Choosing a [orecast is an estimate of a future outcome of a random
process. which can be associaled with 8 measure of the goodness of our estimate.  The
residual analysis and the measure of the magmitude of the forecasling error otherwise
known as the unexplained variation or error of sum of squares (SSE) were printed with the
lingar, parabolic and exponential statistical analyses, I these two methoeds have been used
i pnalyse the mensure of fil of the data and 1t is not satisfactory, the simulation process
provides yel n_lmlhn:r eood method which is the best-fit method.

There are different methods of getting the best fit of data. The measure that most
rescarchers seem 1o use oflen for forecasting the appropriateness of various forecasting
models s 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 best fit. The



hest fit goi from the case study 15 the parabolic trend analysis of nee production in Niven

from 1906 1o 19%6 as seen in Table 5.3 and displayed in Figure 532

5.3.7 The Holt-Winters Forecasting Method
The Holt-Winters forccasting method is a sophisticated extension of the exponential
method of smoothing, Essentially, the method of exponential smoothing derives it's nume
from the fact that it provides us with Exponential Weighted Moving Avernges (EWMA)
through the time serics; that is, through the series each smoothing caleulation or forecast is
dependent upon all previous observed values,  Though, this s an advantage over the
moving averages (MA) which does not take into account all the observed values.  The
moving avernges (MA] 15 fully deseribed in scctions 2,75 and 2.13.3

Holt-Winters technique 18 a good method in moving averages (MA) that allows for
the study of trend through immediate and’ or long term forecasting o the fulure. 01
provides for the study of over all movement level and future frend i b senies, that s, il
makes provision for any upward or downward movement, such as horzontal projection
like that of the mean forgcast method. The mean forecast method is o method tha
forecasts the value of the series 1o be equal to the mean of the senies at tirme period |

The simulation p;':}cm provides-the table for the series dati wd the "n” vears ahend
prediction of the Holt-Winters forecasting model using equations 4.2 amd 4.3 The tahle
for the ten years ahead prediction is in Table 5.5 and"Figure 534, The Holt-Winlers
forecasting model is best explained with the graph. Viewing the graph in the Figure 334 0
seen that the Holt-Winter model 15 the best forecasting model in that, the trend follow the

ohservation closely,



TABLE 5.5: Holt-Winters Forecasting Method

S/MNo Year Observation Trend Hesidual
I 1900 199 s =

i | 967 IBS5 3&5 i)

(RYVH 353 ~419.7806 -6, T806
4, RH 352 4220008 -70.0009
%, 1970 343 414.0107 -71.0107
i, 1971 188 454 2416 -66.2416
Fi 1972 447 511.5224 64 3524
) 1 ‘:r'?:i 487 553.1103 66,1103
2. 1974 525 391.4305 -0, 4305
1, | 1975 564 575.7694 -71.7694
§0 1976 218 314.0999 06,0999
12 1977 4ir 4634496 -55.4496
13. 1978 515 574.2611 -59.2610
14. 979 750 7980841 48 0841
I5. 1980 [0 1127.6282 -37.6282
16 1981 1241 +1294.6972 -53.6972
17. 19482 1250 1317.9234 67,0234
18, 1983 1280 1347.3137 -67.3137
1. 1984 1300 1368.1588 68,1588
20, | 985 1430 1488.3349 -58.3349
21 1980 416 1486.4108 ~T0.4106
22, 1987 1780 18174776 -37.4776
23 1088 2081 2121.1836 401836
24, 19849 1303 3260.5371 42 4629
25 1990 2500 2632.3490 -132.3490
20. 1991 3226 32364720 1004720
27 1992 1260 3321.7831 -61.7831
28, 1993 3065 3152.0111 -BT.0111
29 094 2427 «2556.1516 -129.1516
b, 1995 2920 II‘:'.'SI A543 31,1543
iL 19 K brins J170.5245 -48.5245
12 1997 33343722




TABLE 5.5 Continued

S/Nn Year Ohservation Trend Residual
i3 ELE 3498.2200
i 1494 36620677
i5. 200CH) 38259154
§in, 2001 38D, 7652
3. 2002 4153.6109
kLt 5 2003 4317.4586
39, 2004 4481.3063
40 2005 4645.1541
4] 2006 4809.001%8

Source: Food and Agncultural Organisation
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338 Muaodel Fdentification of Rice Production in Nigeria

he following three mamn tasks are involved im model identification:

| Preliminary identification. "
Iy Order determination,
(= Estimation of parameters.

5.3.8.1 Frtlimlqnn' Identification

To wdentify -lhn:- models normally, at least the sample aulocorrelation and partial
autocorrelation functions are used (2.14). To determine the order of the AR model, the
minimum theoretical enterion (AIC) discussed in section 2.14.1.2 is used and the Yule
Walker (2.13.1) 15 used for the estimation of the parameters. The goedness of fit of each
mode] is tested with the residual method. The AIC estimate shown in Table 5.6 is a table
showing the values of an information criterion at different lags (2.10). The first column
shows the lags differences, The second column thrpugh the sixth column shows the values
of each AIC at different lags.

The simulation osed the data fed into the system to calculate the sample
autocovanance funchion Il'."il"kﬂ from which it produced the autocorrelation function i =
chice a5 reviewed m 2.9, |t also: produces the first difference of the autocorrelation
function as shown in Table 5.7 and the correlogram displaved 1n Figure 5.35. the
autocorrelation function (Rx) of the first difference in Table 5.7 shows the aulocorrelations
at different lags, The fist column shows the lags differences, the second column through
column six shows the values of each autocorrelation function at differemt lags. The
correlogram 15 useful m 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.



5452 Order Determination

To determine the order of each AR model the simulation used the AIC in 2.14.2.2.

Assunming the normal distribution for equation 2.41, it is used to calculate the value of AIC

ip} lor the AR{p) medel fit for p=1 2.3, ... 0.

=31

The best model 15 the one for which the AIC is least,

In the case of nce production in Nigeria,

FABLE 5.6: AIC(K) Estimate of the first Difference (VX,) at Lag K of Rice

Froduction in MNigeria

| [ 2 3 3 3 6
|[ wl 3 06,3037 1587616 | 336.9503 346.4969 | 353.7703
lLag 6100 | 3573970 | 374.5369 | 379.89027 | 386.3560 394.6969
‘ Lag 1T - 13 | 319.6969 3373703 4552069 467.0303 459.8503
| Lag 16-20 | 582.6303 5893303 627.5033 683.3303 757.1027
| Lag 21 25 | 778.0970 | 794.3013 £53.2360 877.0303 017.8903
: Lag 26- 30 | 9662560 066, 4169 977.0503 977.2703 3812.2303

AIC(D) =341 8300

Yarianee =208.4449]

PABLE 5.7: Awtocorrelation Function (Ry) of the first Difference (VX,) of Series X,

] 2 3 4 3 6

Lag | -5 (L8823 DON7 0.7300 0.5032 (40110
| Lug 6-100 | 03214 0.2016 0.1206 0.0400 -0.0436

Lag 11 15 | -1,1200 01801 -0.1914 -0.2404 -0.2808

Lig T=30 | -D3212 03510 -0.3701 03911 -0.3903
Lag 21 —25 | -0.3822 -0.3713 -0.3114 0.4707 -0.2900
' L 2= 30 -p2442 0. 1805 -0.1340 0. 1008 -0.0604

Sinlber of Cbservation = 31

Moean of the seres of st difference (VX1 =1372.2134

Viarsance = | 1748400

Standlard Deviation = DU WO



Autocormalation Coafficiant (PkK)

|
|

0.8 !I — e
| \

oe -1y 2
1\
|

- r t | N —

[ ] | \

IIIEll l”'l + e o —— __—_l-—_ﬁ.umn:urretatmn Coafficiant
R ﬁ

Lag K

-

_I_F-Ji;g. 5.35: Correlogram Showing the Plot of Autocorrelation Coefficient{Pk) of
the First Difference of the Series Data Against Lag K




5083 Estimation of Paramelers

The Yule Walker equation (2.50.1) was used for the estimation of the parameters of each --
medel,  The partiol auocorrelation coefficients were obtained as shown in Table 5.8 and

the wraph i Figore 5.36. The solution of the Yule — Walker equation is usually the same

with the Levison Durbin algorithm (7 77 2),

550 Diagnostic Cheeking of Autocorrelation and Partial Autocorrelation

sk it

The simuolated time series analyses compute the residuals for each sample aulibcnncie;{in'r:
with the test statistics R = Nl'rlxljl.':".} under the hypothesis that the model 15 adequate. A
sipnificant R indicates model inadequacy.

The series for a first difference (VXi) of autocorrelation function (Rx) of rice
prkluction m Nigeria from 1966 to 1996 1s :Iispln;“cd in Table 5.7 and the comelogram in
I‘1gure 5.35. From the Table 5.6, it can be seen that the AIC contains a minimum at lag k=1
(e order 1), Figure 5.35 shows the correlogram of the series (VX1) of autocorrelation of
rice production. 1t is required that the autocorrelation function satisfies difference equation
||-{|'.h-l' = 1), k = p where p is the order of the [itted model, This implies that the zero of $(})
lies outside the umnit circle of the stationarity of the written process. The correlogram shows
ne trend, seasonality is nol prominent.  The partial autocorrelation in the graph shown in
Figure 5.36 cuts the abscissa after lag | indicating an AR process (model) of order 1 as
appropriate for the serics.  All values of Que after lag 1 lies within the + 2(N)" = 403592

[tmat line.

Tables 5.6, 5.7 and 5.8 contain the Mt estimates. olblamed from the series,
atecorrelation function () of the first difference (VX:) and the partial autocorrelation
(k) Tunction of the series respectively.  The table in Table 5.8 shows the partial
correlation I'u.nclit.:un for the first difference at different lags. Column one depicts the

different lags. Column two through six reveals the of the autocomelation functions
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at differemt lags. The minimum AIC = 106,3037. It is appropriate at lag one given AR(1)

us an appropriate model for the series AXe. That is the model that best describe the series

is; Xt =0B823 K + ¢

TABLE 5.8: Partial Autocorrelation Qg for® the first Difference (VX,) of Rice
Production in Nigeria from 1966 to 1996

[ ) [3 4 3 6

Cag 1 -3 | L8833 01411 (.00 0.1436 -).2843

Lag 6-10 D.0112 0.1104 -0,2008 (L0300 -0.0643

Tag IT—15 | -0.0732 00123 0.1835 0.1504 00115

Lag 16- 20 | (.0602 -1L0706 (L0313 -0.0504 -0.0811
(Tag21-25 | 0.0510 0210 0,0804 0.0217 0.0810
Lag26-300 00012 0.0203 0.0623 10,0304 -0.0105

The estimated error variance I_SI ) of the fitted model is 1174800, The process is

clearly stationary since [0.88231<1. The residuals of the diagnoslic are computer using

X - BEIIXL = £y

5.3.10 Forecasting

So Tar, the simulation has been used todentify, formulate, estimate; forecast the

some models and diagnostically eheck the models that best describe our series. 1

the preliminary avalyses in section 5.2.1 to 5.2.8, we have adequately been able 1o 2

the behaviour of the series of rice production in Nigeria within the peried of study (1966 o
19963, Thus in this section 5.3.10 the avtocorrelation and partial autocorrelation of the
series shall be used 1o forecast the [uture value of our senes, nee production in Nigena for

effective and result oriented national planning and management decisions. The model of

the senes of partial autocorrelation is Xa = 0.B823Ku + b
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Where X1 is the series, 0.8823 is the P, Xt - irepresent the different of the series at lag and

115 the error term (2.13.5),
'he mean of the seresis 1372.2134

Estimated error of the moddel is 1174800
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Partial Autocorrelation Coefficient {Qkk)

04

\—+—Partial Autocorrelation |
| Coefficient(Qkk)

Fig. 5.36: Correlogram Showing The Plot of Partial Autocorrelation
Coefficient{Qkk) of the First Difference of the Series Data Against Lag K
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Vising the fornmla 2.45, the minimim mean square error peediclor or m-step a head
predictor, the simulation compuied the result and combined it with the sefiesdata to pefific
fomecast, Soce the medel that s bong usod 18 Suilt using: the serics of (e lirst differenee
ol our series data, there is e need to convert the series of the first difference back to the
orginal series before any meanimghul forecast of the future values of the series could be
e, The simulated time series did this by denoting the original series by Tl and the first
difference by X By the definition of first difference in equation 2,16,

Xe= VW = - Ja- 1 which implics
Al ==As | =X+l -M
siv Hhal
Al
Aivr=Jus) M
Mote that X is the series of autoregressive procegs of order one AR(1), A1 stands for the
different operator while Li - Li -1 represent t_hi: first difference operator (equation 2.16)
Lising these equations and taking 1997 as the first year origin (1), the simulation package

computes the foreeast 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 Autvcorrelation and Partial Autocorrelation Method

(Yule-Walker)

KiNn YVear s Forveast Value

| 1997 40610817 i
. 1998 A24R 581

i F (REY 44392635 -
4. 200 4633 5444

5. 2000 453] B0:3

{1 202 50034.4223
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Tahle 5.9 Continued

SiNe | Year Furecast Value
7 2003 5241.7312
8. 2044 54540807
9. 2005 5671.7636
1, 2006 SEO5.1105

Source: Food and Agriculiural Organisation

In conclusion, an attempt has been made to look at the least square method and
moving averagemethod of forecasting to see the one that is best for time series forecasting.
A bref look is also made into the autocorrelation and partial aulocorrelation function 1o
deduce whether a series follows AR{p) or MA(p) or not and used it to forecast into the
heture. It is discovered that the parabolic trend produces the best-fit method in the LSM.
The Holt-Winters method which 14 sophisticated extension of the exponential smoothing
is the only one considered in movi=g average forecasting method because it is a method
thart does not allow computed data point to be missing at the beginning and at the end ol

the series, 1L 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
CONCLUSHMY AND RECOMMENDATION
This chapter gives the conclusion and recommendation of the dissertation. Section 6. |

presents the conclusion while section 6.2 presents the recommendations.

il Conclusion

I this thesis, o maodel Time Series Analysis of Agricultural products has been formulated
sinulated to assist agricultural researchers in their researches. The implementation has
been done on an IBM Compatible Pentium micrbcompuier running windows "95. The
Visuil 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 1!:::_ implementation language.

The simulation programme has been designed to provide an intelligent, menu
deiven and user friendly interactive system, which will assist the agricultural researchers in
carrying out their statutory responsibility of:

i, 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

ur exponential function of time,
c. Applying the pnnciple of parsimony and model identification in determine the most
efficient model to their data analysis
. Analysing the autocorrelation and partial autocorrelation of the stored data.
e Forecasting the future yields of agricultural products.
The simulation of the model has been mindful of the fact that the agriculiural
rescarchers, though experts in their own ficlds may not be computer experts, as such, the

syslem has been designed in such a way thal no serious formal computer training shall be
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needed 1o handle the package. Most of the selections are made from menu choices and
when users need lo Lype responses, they are in many cases a single character or in few
rumber of cases a few sirokes of keys or use the mouse to highlight and click menus. The
simulation is a [ull window based package which can be activated by clicking on il at the
deskiop.

The simulation programme proposed in this thesis is an improvement on the
FAQSTAT TS5 — SOFA90 that was designed by FAO as a time series package. SOFA%6
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 i SOFA%G have been formulated,
tested wath sample data and the resull oblaimed proved to be meanmglul in practice.

The case study of rice production in Nireria from 1966 to 1996 has been carred
oul and the following results were pr-sented.

. Table of log transform ol nce production in Nigena from 1960 to 1996 is presenivd

in Table 5.1,

I, Ciraph of time plot of rice production i Nigeria from 1966 10 1990 is presented in

Figure 5,29,

g, Graph of leg tmnsform of rice production in Nigeria [rom 1966 1o 1996 i

presented in Figure 5.30,

. Table of linear trend analysis and residual of rice production in Nigeria from 1966

to 1990 with the projection to 2006 is presented in Table 5.2.

- iraph of linear trend analysis and residual of rice production in Nigeria from 1966

to 1996 with the projection to 20006 is presented in Figure 5.31,

A Table of parabolic trend analysis and- residual ~f rice production in Nigeria from

1 966 to 1996 with the projection to 2006 is presented in Table 5.3,
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Lraph of parabohe rend analysts and residual of nce production 1n Migena from;
| 966 Lo 1996 with the projection to 2004 is presented in Figure 5.32.

Tuble 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.

Graph of exponential trend analysis and residual of rice production in Nigeria from
1066 to 1996 with the projection to 2006 ia‘pr:aentml in Figure 5.33,

Table of Holt-winters lorecasting method is-prmvr:nmd in Table 5.5.

Ciraph of Holt-winlers orecasting method is presented in Figure 534,

Table of An Information Criterien { AIC{K)) estimaie of the first difference (VX)) at
lag K of rice production in Nigerra is presented in Table 5.6.

Table of autocorrelation function {Rk} of the first difTerence (VX1 ) of the series Xt
is presented in Table 5.7

Cormrefogram of awtocorrelation function (Ry) of the first differcnce (VX1 ) of the
series Xios presented in Figure 5.35

Table of partial aulocomelation Tunction (Re) of the first dhifTerenee (VX ) of the
serics XU is presented in Table 5.8 e

Correlogram of partial antocorrelation function (RBk) of the first difference (VX ) of
the series Xi is presented in Figure 5.36.

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

The case study shows clearly Lhe 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 insttutes.



h.2  Hecommendation

Suce farm mpuat and outpul conditions vary over time, farmers and government must find
ways ol keeping abreast of the effect such changes will have over their particular farm
operations,  This necessilates the study of time series analyses, which is an aid in
controlling present operations and planning for future need of forecasting.  Although
numerous forecashing rnr:t-hmiﬁ have been developed with a goal to making prediction of

fulure events so that projection can be incorporated into the decision — making process.

R o ey B 8

Mosl of the works done in this thesis have been based on the time scries analyses of vearly

farm products with a case study of nee production i Migena from 1966 (o 1996, Thus, the
sollware is recommended to agricultural reneurch;rs in this regard. But there is stillroom
[ 2t lot of research in the time serier analyses of the seasonal varations with inpuls such
s the hourly variabions, daily variatiens, weekly vanations and monthly variations. Th=
study of this-will enable researchers to concentrate on small details like the irregular
variations, the cyelical variations and the seasonal vanations rather than only the trends.

The time scries analyses conld be hroadly divided into the time domain and the
reguency domain. The ime domain witl emphasis on the secular variulion has adegualely
been deall wath in this research, The requency domain which is a major characieristics ol
sinusordal waves and very vilal lo geophysical and petrochemical development is kept
constant amd Jell for nlure rescarch,

.

Forccasting 15 a world of 118 own, Fﬂm:aéling models are generally classificd as
time senes 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 assumplion Lm:iertying both econometric models and time series models is that sample
ohservation from a random process provides a random process of future activity.  The
dilferonce between these two classes of models is that economeliic = -rls nee newiligry

vanabies, as predictors and time series models do not.  Time series models are pattemn
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fitters relying on an extension of internal components while the auxiliary variables of the
cconometric models are the one or more equations that describe the relationship among
several economic and time series variables. That'is, the relationship that exist between a
dependent variable representing time series and any of a number of independent variables.
Cwantitative models are designed for forecasting the input and ouwtput of a newly
imtoduecd fanm product such as the introduction of grapevine to Nigeria and other cases
whore  Inglorical  somple data mre not available. A further research s therefone

reconimended in these areas,
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AR(P)
ARMA

1XE

EM WA

FAC)
FAOSTAT TS
LH 8 .
LSM

MA

OLE

It

R adj.

K

GLOSSARY

An nformation Criterion

Autoregressive Process of order P

Autoregressive Moving Average

D}rn;un'tu Data Exchange

Exponentinl Moving Weighted Average

Food and Agriculture Organisation

Food and Agriculture Organisation Statistical Time Series
Graphic Control

Least Square Method

Moving Average

Object Link and Embedding

CoefMicient of Correlation

Adjusted Coefficient of Correlation

CoelTicient of Determination

State of Food and Agriculture 1996

Error of Sum of Square (Explained Sum of Square)
Regression Sum of Square (Unexplained Sum of Square)
Total Sum of Square

Standard Deviation
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