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ABSTRACT

Grafting technique was used to estimate a forecasting model for
yield (kg/ha) of sorghum in Nigeria. The estimated model was
-compared with the traditional models to show that time series
data does not always relate linearly to trend over the entire éample
space. The results show that the grafted model was supenor to

others.

INTRODUCTION

Accurate planning is predi-
cated on a reliable and flexible
forecasting model, which also
is a function of accurate data.
Knowledge situation in agri-
cultural production is still im-
perfect, hence, it is still de-

pendent on weather, policy
and risk (Just 1974, 1975;
Meilke 1976 etc). the cons1d—

erable turbulence in - agricul-

tural policy equilibrium also

_contributes to difficulties .in
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obtaining and maintaining
credible data. As a result,
planning tools in agriculture



av »d from estimated
data time series, that is, in
most developing nations, Ni-
geria inclusive, the capability
and capacity to create and
maintain a database and the
ability to estimate predictive
" forms are seriously deficient.
Where the data is even avail-
able, the accuracy is subject to

. various errors (e.g Nmadu

1998). In these circumstances,
time series data, though may
be subject to some error, still
become the best data for esti-
mation.

Most of the traditional tools
available for time series analy-
sis tend to force the data to a
chosen form, perhaps based on
theoretical consideration, ease
of estimation or interpretation
(Fuller 1969). Most of the
forms are linear trend or a
variant of it. However, it has
been shown that the time se-
ries might not be linearly re-

1990). Therefore, a more flexi-

ble form, which co..forms to
the form the data suggest, is
required.

The objective of this present

study is to determine the ap- -

propriate prediction form for
yield (kg/ha) of sorghum in
Nigeria (1961-1997) and com-
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- o forecastmg Jﬁ}ne series, is
lated over the entire sample . 1 ;
space (Fuller 1969, Phillip, ¢

pare it with the linear trend or
some of its variants. The form
(also called mean -equation)
would be obtained by grafting
technique (Fuller, 1969).

MODEL SPECIFICATION

There are many functional
forms of estimating forecast-
ing models. The common ones
used include: -

Y,=a+btl linear
(n
Y,=a~bint semilog
(2
LnY,=a~+bt growth
or exponential ( 3 )

(Tschirley, 1995)

Where Y, is yield of sorghum..
t is trend variable while a and -
b are structural<coefficients to. -
be estimated.. Fhie shortcoming
of the aboveifitnctional forms

tire sample perlod as the mod-
Therefore,

into different segments and ap-
plying different functional
forms as suggested by the data
rather than force the data to
accept a panicgl»ai form. A



graphical examination of the
data (estimated yield of sor-
ghum in Nigeria 1961-1997)
shows that it can be divided
into different segments; hence
the following trend function
was suggested:

Y = o, + Bot,
t<1982
4)
Y. = (1.1 + B]t
+ 1%, 1982 <t< 1988
- (5)
Y, = ot B,
1988 <t< 1994.
)
Where: Y, = yield of sorghum
in kg/ha in year ¢
t =trend
a’s,B’sand ¢ = structural
parameters to be estimated

Fuller (1969) elucidated the
desirable properties of the
mean function, which we hope
to estimate from equations

- (4) - (6) above, thus,

That the model should be con-
tinuous at some joint

points (K’s), and

That the model should possess
first derivative at the joint
points. Specifically.a, + BK,
=a;+BiK; + $K

Y]

o +BKy = 4K =z
®
B, =B, + 2¢,K,
©)

B+ 261K, =B,
(10)

+ BK,

Where K’s = joints of the dif-
ferent segments of the func-
tion. In this study, K; ="1982,
while K, = 1988. There are
seven . structural parameters
and four restrictions on the
mean function thus reducing
the number of parameters to
be estimated to three. Since
the primary purpose of esti-
mating the model is to be able
to estimate future yields, all
the parameters - on the  later
model were retained (Phillip,
1990). Thus in all, parameters

" Qla, Bz,db.were retained for
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subsequent estimation. There-
fore, a, B, ‘o, B, were
dropped and equation (7) —
(10) were rederfined in favour
of the dropped parameters as
follows:

Ot ot $:K>” - ¢1K,?

(G
Bo=B,- 2 Ko+ BK,
| (12)
0y + boy + K2
(13)



CBi=08,-2¢:K; -
. (14)
The grafted or mean equation

can now be obtained by substi-
tuting o, 8,, a,, B,in equation

(4)-(6).The result is
Y. = nodo + mzy +
mZ; + U, (15)

(See Appendices A and B for
details)

Where Z, = = 1Vt V= for
all |
Zl" = t, Vit
_ I
K - K? -2t (K; —

Ky), t< 1982

(t -Kp* 1982 <t <
1988
0,t>1988.
. ) Ut =
error term assumed to
be well behaved.

Equition (15) is the mean
equation; it is continuous with

1961 to 1994. The observed

data for 1995 to 1997 were

used to carry out-an ex-post

evaluation of the estimated

‘equations in order to assess

the restrictions given in equa-

tions (7) — (10). Ordinary least

squares technique (Everitt and-

Dunn, 1990 and Johnston,

1991) was applied to equations -
(1), (2) (3) and (15) using the

observed data on yield (kg/ha)
of sorghum in Nigeria from
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their predictive performance.
The data were obtained from
FAO (1970-1997). In addition,
two separate scenarios were
simulated with model (15).
The first is when k; = 1971
and k, = 1981, comresponding
to the years of rise and fall of
oil boom in Nigeria respec-
tively. The second is when K,
= 1976 and K, = 1986, corre-
sponding to the year State
Marketing Boards were abol-
ished and the year Structural
Adjustment Programme (SAP)
was introduced, marking the
abolishment of Federal Mar-
keting Boards respectively.
The purpose of these simula-
tions was to find out the possi-
ble effect these scenarios had
on sorghum production. After
the simulations, it was ob-
served that.the two scerarios
were monotonic transforma-
tions of the grafted functions,
although; their estimating
qualities were better. In par-
ticular, the .scenarios ac-
counted for higher amount of
variation than the grafted func-
tions and the F-values were
generally higher. Therefore, an
attempt was made to bring the
two scenarios and the grafted



functions together in order to
isolate the actual effect of the
scenarios. Consequently, by
adding two variables to the
-grafted functions, a third sce-
nario ‘'was simulated. The vari-
ables were defined as:

Z3 = 3 ,
t<1967, transitional, multina-
tional marketing agencies

2, 1967 <t <
1976, Regional marketing
boards

1, 1976 < t <

1986, Federal Marketing

Boards

0, t> 1986, end
of state control, free-market
economy

Z4 = 1, t° <
1971, agricultural boom era

0, 1971 <t
1981, oil boom era

1, t > 1981, end of oil boom as
-oil prices fell Following the
estimation of the’ third
scenario, it was discovered
that the estimated properties of.
the function were plague with
acute positive autocorrelation.
Therefore, the model was re-
estimated using the weighted
least square technique.
However, although the
estimating properties of the

new model improved
tremendously, the model was
not very good for forecasting
purposes. Hence, the model
was left as Scenario 4.

RESULTS AND
DISCUSSION

Estimates of the hypothesized
structural parameters of equa-
tions (1),(2),(3),(15 ‘is_ pre-
sented in Table 1.

The main objcqlve of estimat- -
ing equations (1),(2) and (3)

was the need to evaluate and

compare the predictive and

forecasting ability of the mean

or grafted equations - with-

them. The result shows that all

the structural parameters were-

significantly different from
zero except for Z3 and Z4 in
Scenario II. It

-means that the quadmﬁc falls

in the yield (kg/ha) pf sor-

ghum between 1982 and 1988

was not incidental. The
drought of 1983 and’the con-
siderable turbulence in the
amount and disttibution of
rainfall that followed might

\hm(ecausedthm Intermsof
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rank, bcenanolseemstobe"

the best accounting for about
46% of the observed variatio
in the yield of sorghum in Nj
geria during the estimation pe-

riod; while the Growth model

therefore

b



Table 1: Estimates of Alternative Forecasting Schemes for
Yield of Sorghum in Nigeria

Vari-  Grafted Linear Growth Semilog Sce- Sce- Sce-- Sce-
able nario | nano H nariol]]rnarioIV

Constant  130306- -24701.95
3

-18989 -1921869 -821982 -112732 -125586 1.772
VA 65.998a 12.89a
013b  25426.39 41.843a 57.188a 63.597a 0.459
72 G4 (9
5 (@8 (527) (4773) (3.076) (15253
23 5492 - - - 3.321a 3.407a 5428b -265

4.122) (3.895) (1.674) (-2.991)

z3 8 - . -

- - - - - - - 25255 201547

. . - - . - - (022) (5408)

R? 0343 0202 0.164 02001 04683 04474 -59.664 -

181436
a
F 8829 8.091 6.259 8.041 14.561 13424 (0331) (293
Df 31 32 32 2 31 31 . 030515 0.993
4227 2123
29 29
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was the poorest accounting for ~ After the estimation, the mod-
only 17% of the variation. els were used to forecast the
However, more evidence is  variables during the estimation
needed to reaffirm this fact, as  period and the forecast com-
we shall do presently. A diag-  pared with the observed data.
nostic check on the various . The result is presented in Ta-
models estimated is presented ble 1. An examination of the
in Table 2. Figure shows that the linear

. . models gave a monotonic in-
However, Pindyck and Rubin~ ... (or decrease) of the

feld (1976) have asserted that  yarahles during the estimation
poor estimating properties of period. However, the grafted

single-equation models do not | 4.ic gave a quadratic fall
necessarily affect their fore- (or rise) at some regions,

casting ability. which were very consistent

Table 2: Diagnostic checks on the estimated models

MARE U PTPE RSME

Mare =, o Yey/ - U= -‘lz(Yg-y.)’{ PTPE="/, RMSE = '/, Y(Yr

Yt) ‘JZYt +‘JZY1 YTPE, Yt)z
Grated 0.0614 0.1367 0.5000 50487.52
Linear 0.0877 0.1537 0.5000 63252.04
Growth 0.0420 0.1583 0.5294 " 63968.80

[

S e - 0.0879 0.1538 0.5294 6333186
milog,
S ce- 00503 0.1225 0.4412 4085830
nario 1 ‘ :
Sce- 00504 0.1250 0.4412 42466.50
nario 2
S ce- 00001 0.0128 "0.5000 429.89
nario 3
Sce- 0190 0.1639 0.5588 $0291.55
nario 4 o

Note::Y, = observed, Y = estimated, n = sample size, TPE, =0 if Y, — Y‘—l>0elu,m th.
%i- ¥i— 1, MARE = mean absolute relative error, U = 'Ihealmequahtycoeﬂ'\aan,l"!'l’B=peeal
age tuming point error, RMbE root mean-square simulation error
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with the observed data. This
shows that the time series did
not linearly relate to trend dur-
ing the whole time space and
that the grafting technique bet-
ter fit'a time series data rather
than linear models. Scenario 3
exhibited another important
feature. It was observed that
there was a considerable back-~
pull of the variables at the time
of changeover from one policy
regime to the other, especially
when the policy change causes
a major turbulence to the
economy. ‘

At the time of the data collec-

tion for this research, observed -

data were available for the
years 1961 to 1997. The data
for the subperiod 1961- 1994,\

while the data for the subpe-
riod 1995-1997 were reserved
- for performing an Ex-post
forecast of the variables. The
Ex-post evaluation of the mod-
els was carried out ‘and com-
pared with observed values.
The result of the forecasts °s
presented in Table 3. The
evaluation shows that all the
linear trends underestimated
while all the grafted functions
overestimated except for Sce-
nario 4, which overestimated:
at the beginning and underesti-
mated at,the end showing a de- -
creasing trend. Accordmg to .

Fotopoulos (1995), trend is a

bundle of unmeasured
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‘technical progress’. With re-
gards to yield, we expect im-
provement in seed technology;
hence, as a result, better seed
with higher yielding potentials
should be expected with
growth in trend. Therefore, if

that is the case, then the

grafted models (except Sce-
nario 4) are consistent with ex-
pectation and therefore better
forecasting models. Hence,
this goes to show that time se-
ries data are better modeled
using grafting techniques. The
other important factor to con-
sider is that since we are deal-
ing with a future of which
knowledge certainty cannot be
guaranteed, it is better to over-
estimate rather‘than otherwise.

.. A comparison of this result
were used for the estimation' ™

with Phillip (1990) shows a
similar but opposite trends.

An attempt was made to make
an Ex-ante forecast of the vari-
ables to year 2010. The fore-
cast serves two purposes:

it reinforces the vaﬁdity of the
models, most especially be-
yond the Ex-post period, and"it

_gives an insight into what we
 expect the variablec to grow to. -

in fuwre, based on past and

- present trends thereby\agdmg

planning: -

~

. The result is presented in ﬁgme 2

‘The year 2010 was chosen be-

cause all targets being set now for



Nigeria are geared towards that
year. The results show consis-

tency with the estimated results -

and the expectation about the fu-
ture. The mean function gave a
decreasing function up till 1983
and then a point of inflexion, and
finally an increasing function.
However, a careful examination
shows that the grafted functions
are generally, in a family of good
forecasting models except for
Scenario 4, which is inconsistent
with all the results and expecta-
tions. This goes to prove that sig-
nificant t, F and R? in single-
eguation models does not neces-
sarily give good forecast period
after period (Pindyck and Rubin-
feld, 1976). These models can
therefore be used to set targets for
sorghum production in Nigeria.

" by year and thereafter task Scien-

tists and Researchers to develop
sorghum varieties that.can be used
to achieve the levels of output re-
quired to achieve the food needs.
This is the only way to fight food
insecurity in Nigeria.

- CONCLUSION

The forecasting ability of com-
monly used regression models
was compared to a model which
try to incorporate all the observed
functional segments as suggested
by the observed data on yield kg/
ha of sorghum in Nigeria from
1981 to 1997. Results demon-
strated that economic time series,
especially agricultural, do not al-
ways relate linearly on trend.
Therefore, the resulting mean

For example, the government can  equation, incorporating local

set targets based on population  trends tends to provide a more re-

growth of the country and the liable forecasting tool, thus aiding

food needs of the populace year  policy direction.
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Phbie:3: Ex2post Forecast of Yield Using the Estimated Mod-

I (1995:1997) 25

" ‘Obeerved GraRied ' Linear Growth ~ Semiloz  Scemario Scemario Scemario  Scenarod
i

98 - w 13597 101360 103899 16129 127859 135806 134968 109891
. l - @why (3340 ¢3001) (-5604) (27959) (289.06) (280.68) (29.91)
6 HAEE B4ZETY 102649 105258 102STT 132043 1525 141328 109937
ann) (73 ($14D) Rl 07643 (271.-2» (26028)  (<44.63)
97 '+ TTT  MOLTE 103938 106635 103534 136227 197244 1476.87 1099.83
7 (émm ‘¢127.62) ()0065) (-128.56) (195. 47) (305.48) (309.3;) ’)(-67.17)

ofcat vwiwasrs die computeamors in estimation.

he ﬁnﬂj* ﬂetwanon ‘of equa-
mwr(rm, €12) {13) and’ (%4)
gmm%low -

mwag equatmns (7) ﬁ
3), (9)and:(10), it is obvious
at # ¥ bettér 1o start from

10)- Becirsé it- has only one
-nn, ﬁhieﬁ*vvc ntend to- dmp

: 2¢1K2K] + %K; - K}Bﬁ +
.  20 KoK - 2¢1K1

C.

%) i(B,*=Bz 2(]}11(:»

)" Bo 32-24)11(2'
K -

/e now estimate a from (8)

ibstituting ((A;) and {(A,) ie.

A, wenf_""

31.—‘4,,+36K'7-—-K7(B'7'>'

24, Ks) - KoY - qs,K, - K7
(A &+@Kz |
, Fmaliy we estimate ,,aoby’maki-

_ ing use of (A;), (Az)émd (A

=g T d)[Kz Bsz -K; (B-r

Z(blK”) 4 d)rxl - Kn(Bz -
2Q}1K~+ ’-}clel '
= & + fb]Kz 2" + K]Bg -

€A4) a’o =
K

Appendix # *

We now derive the grafted

2 *

~‘trend equation (15). This is
~ done by simply substituting



(A1),(A2).(A2) and (A4) as ob-
tained above in equations (4) —
(6. .

From equation (4), substituting
for a,and B,

Y= (@ + ;K- 2¢iK,D) +
B:- 2K+ 21Kt

=2 + ¢:iKo” - oK+ By € -
2¢:K; t+ 2¢ Kyt

B) Yi=a+6t+ K -
K +-2K, t + 2Kgt). t <=
1082 '

From equation (5), substituting
for 3; and B3;,

Y, =(aq + dle::) + (B, -
2hi KDt + dot”
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=2, + § K2+ By t - 24Kt +
dat®

By Yi=a+ Bt +I(KS -
2K t +t%) , 1982<t < 1988

From equation (6). all coeffi-
cients were retained for fore-
casting purposes.

(B;) Yi=a, +8:

The grafted equation, (15),
was then formed by inspection.
of (By), (B,) and (B;) above.
The mean equation is continu-
ous on the data set.



