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Introduction
Nworuh (1993), studied a linear
simultaneous-equation econometric
model in relation to the two stage
instrumentalvariablesandordinaryleast
square estimators. The need to examine
the extentthe resultobtainedin the linear
modelcanbe influencedbynon-linearity
and undersized sample problems
becomes very necessary, especially
when most of the operational
econometric models.are non-linear and
having undersized sample problems.
These problems will be particularly
clearer when the same data set is used
in the comparison.Moreso. the effect of
dynamism of this non-linear model on
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the estimators, ordinary least squares,
(OLS), two stage instrumentalvariables
(2SIV) and two stage principal
component 2SPC are investigated.

The presence of these two
characteristicsin themacroeconometrics
models poses certain estimation
problems to the researchers and model
builders. This is because most of the
commonlyused simultaneousequations
estimators, two stage least square
(2SLS) and three stage least square
(3SLS), are only applicable to linear
models. Moreso, in models where the
number of sample points (sample size)
for this first-stageregression is less than
the number of repressors,
(predetermined variables) renders the
cross product matrix of the regressors
singular. Hence first stage regression is
not possible, This type of situation is
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known as undersized sample problem,
(Klein, 1971). In spite ofthe theoretical
objection to the use ofthese estimators,
OLS, 2SLS and 3SLS, to non-linear
simultaneous-equations econometric
models with undersized samples,model
builders and researchers still use these
estimators without accounting for the
non-linearity and undersized sample
problem due to simplicity and lack of
knowledge on how to circumvent these
problems. However, attempts shouldbe
made to estimatethe structuralparameter
ofthenon-linearsimultaneous-equations
model with undersized samples by
consistent estimators in view of
accounting for the non-linearity and
undersized sample problems.

The purpose of this article is to
demonstrateformallythat simultaneous
equations econometric models of
undersized sample problems, whose
structural equations are linear in
parametersbut contain regressorswhich
are non-linear functions of endogenous
and predetermined variables, can be
consistentlyestimatedby two-stageleast
squares procedures. The idea of an
intrinsically linear model is to avoid
errors from approximations that will
arise from non-linearity in parameters.
In addition to facilitating the
investigation envisaged, the non-linear
model in use, (see Nworuh,1997) had
to be a closer representation of the
structure of the Nigerian economy in
the sense that there is no pre
commitment to ail linear specifications.
The formulation, estimation and
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appraisal of this model are contained in
Nworuh (1997).

Moreso, the consistentestimatorsare
assessedand comparedusing simulation
statistics criteria: Root-Mean Square
Error (RMSE), the Theils inequality
coefficient, the variance and bias
proportions; and the results are
compared with that of Coldfeld and
Quandt (1972), and Nworuh (1993).
Again the result is compared with
Nehlawi (1977) who showed that OLS
estimator performed best in his family
of four estimators (OLS, 2SPC5, 2SPC8,

and 2SPC11) of the Canadian
econometric model, using simulation
statistics.

The methodology of the study is
slightly different fromNehlawi (1977),
where five estimators OLS, 2SPCs'
2SPC7, 2SPCg and 2SPC11 were
assessed and ranked by mean square
percentage error (MSPE) and mean
absolute percentage error (MAPE). In
our study, we use estimators of the
structural parameters in the ex-post
predictions. Thesepredictions comprise
the ability of the tracking performance,
accuracy in the prediction ofthe turning
points and the bias incurred in the
estimator during the estimation
procedures.A rankingprocedure is used
to rank the performances of the
estimators,OLS, 2SIV8' 2SPC4, 2SPC6

and 2SPC8 based on the simulation
statistics.

In s~ction 2, a non-linear
simultaneous econometric model" is
defined and the treatment of non-linear,
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Where yiois Txl, YjOisthe matrix ofTx
(nO-I) of the remaining included
endogenous variables, Xjo is Txh-, the
matrix of observations on the included
predetermined variables; and UOjis the
i th column ofU.

The vectors of the structural
parameters (Bi 'yJ are the structural
coefficients of the included jointly
dependent variables (other than the
variables whose coefficients are
normalized at unity) and the included
predetermined variables respectively.
These transformed endogenous variables
(log Vi) are considered as new
endogenous variables in the system
without a new specification, Nworuh
(1993) . In the non- linear functions fi
depends on the predetermined variables,
we simply redefine these as new
predetermined variables, n* and lengthen
the list X; X 2' •• ,Xh+I"Xh+h* without
affecting the completeness ofthe system.
Thus, the reduced form of the equation
(6.1. 2.) can now be written as:

YOB+XO(=UO (6.1.2)

And its)-(th- equation can be written as:

yiQ = YBP+Xiri°+Uio (6.1.3)

Fori = 1,2, ,n and

yio includes variables that are logged and
those not logged.

(Z) = Yw ...., Yn' Xw· ...', Xh, L/1
,... LnYn"Ln\' is po = (p+p*)

Where Z = (YI'''Yn' ' XI' , ...... , Xn)
denoted a vector of p = (n+h) basic
variables of which the first n are
endogenous variables (denoted by y) and
the remaining n are predetermined
variables (denoted by X). Also let p* be
number of linearised (transformed)
variables and

F(YIX)=~(Z)=U (6.1.1)

Let us consider a simultaneous-equation
econometric model which is intrinsically
linear, written as:

The General Intrinsically Linear
Simultaneous -Equation Econometric
Model

dynamic properties and undersized
sample problems are explained. Section
3 is devoted to the description of the
experimental design. In section 4, the
five estimators used in the study are
illustrated; and in section 5, comparison
of the estimators and conclusions are
made. The summarized conclusion
shows those two stage principal
components with six instruments,
2SPC6, exhibit the best estimation
performance using the simulation
statistics criteria. Moreso, two stage
principal component method of
estimation is highly recommended for
the estimation of real life operational
simultaneous-equations econometric
model ofan economy.
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component column vector of functions
of A is nxp? matrix of the parameters to
be estimated and U is vector of
disturbances. This can be written as:



Experimental Design
Identification
Identification of each equation in the
intrinsically linear simultaneous
equations econometric model (system)
following almost the same procedures
as in the case of the linearsystems, since
all the non-linearvariablesare linearized
by the log-transformation,Goldfeld and
Quandt (1972) p. 348. In the
investigation of the identification of the
equation of the intrinsically linear
system; we use restrictions on the
structural parameters. This is
appropriate since we do not intend to
use indirect least squares or reduced
form estimation, we then concern
ourselves with necessary conditions for
identification as stated in Nworuh
(1998), p. 6.
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Accounting for the Undersized
Sample Problem
A number of methods have been
proposed to deal with this problem of
undersized sample. Among them, the
two-stage principal components, Klock
and Mines (1960), where the

Treatment of the Dynamic Nature
oftheModel
The dynamic nature ofthe model is due
to the l-lag structure employed in the
specifications of the equations of the
model. It is assumed that it is first-order
autoregressive disturbances, which can
be taken care of by continuous
respecifications.Again, since there is no
higher order lag-structure in the model,
the estimator considered here is based
on the assumption that the values of the
lagged endogeneous variables are
known, Fair (1973). So in the estimation
procedure, the starting period is 1961
instead of 1960. One year period is
skipped for the l-lag structure in the
specifications of the equations.

yo =Xv II +yo (6.1.4.)

Where the matrix II = PB-1 of the
reducedformcoefficientis unknownand
yo =UO Bvis thematrix of reduced form
disturbances.
From equations (6.1.1) and (6.1.2) it is
seen that the log transformations are
intrinsically linear, so all conditions that
hold for linear models are also applied
to these transformed linear models.

Godwin E. Nworuh

predeterminedvariablesin the firststage,
regression are replaced with a subset of
their principal components, Johnston
(1972), (pp.320-331) and instrumental
variables method where some
predetermined variables thought to be
unimportant are from the lists of
instruments in the first-stageregression,
Giles (1973). In our study, we use the
correlation matrix to determine the
number of instruments or principal
components that will be included in the
first-stage regression. In this case, the
instruments or principal components
chosen will have a rank less than T, the
number of observations, which
circumvents this problem of undersized
sample.
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For equation 2

n°,= 3( nGCOM, nTCR and nPOP)

h-, = 2(constant and nGCOM__,).

Then h- - h10= 26 and n°,- 1 = 2

hence hv- hi0>nj-I

For equation 3: n01 = 2 (nTMF and
TGDP);

h-, =3(constant,nFEL and nTMEJ

The total number of predetermined
variables in the non-linear model
including the constant term is 28.
For equation 1:

nO,=3(GDPA, PCOMP and GFC);

hOI= 3(constant, EXAG and GDPA,)

Then hv-hv.> 25; and n't- l =2

hence ho-ho > n- -1] ]

It is seen that many variables are
absent in each of the equations. Using
zero restrictions on the structural
parameters as a way of examining the
identification of the equation, we apply
equation ( 6. 1. 3) for order condition of
identification to the equations selected
from the model,

Here we define thefollowing:

n = the number of stochastic
equations in the model

nla = the number of endogenous
(transformedandnottransformed)
variables included in the
equation.

ho = total number of predetermined
(h+h*) variables in the model;

~o = The number of predetermined
and variables included in the
equation.

Thus, from identification conditions
stated in earlier Nworuh (1988) using
zero restriction on the structural
parameters, we have that the necessary
(order) condition for identification of
equation (6. 1.3.) can be written as

hO-hjo>njO-1 (6.2.1)

Equation (6.2.1)impliesthat thenumber
of predetermined variables excluded
fromanequationmust be at least as great
as the number of endogeneous variables
included less one. This identification
condition holds for just (exactly)
identified equations if and only if

ho- hjo= njO-1 (6.2.2)

and for over-identified equations if and
only if

hO-hOj~njO-1 (6.2.3)

Some of the equations listed below, are
drawn from the structural equations of
the non-linear simultaneous-equation
econometric model in the appendix.
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1. GDPAt= a, + a2EXAGt+
a3PCOMP t+ a4 GP~_, + asGFCt

2. nGCOM!= (x, + a2 nTC~ + a3

nPOPt + ain GCOM t-l)
3. nTMFt = «, + a2 nTGDPt + (X3

nFELt + (X4nTMF I-I )



(b) Instrumental Variable (IV) method
Inthe choiceof commoninstrumentsfor
the first-stage regression, the estimate
correlation matrix (in the Appendix) of
the predetermined variables, xio in the
model(non-linear)is used.Thevariables
that have the highest correlation with
others are chosen and are regarded as
being good representatives of all the
potential instruments. Following the

rj = (ZtZjo)-IZoYj (6.3.2)

These estimates exhibit the same
properties as in those discussed in
Nworuh (1993). The estimated
equationsareexplainedanddocumented
in Nworuh (1997).

YOj= zjOri+Dio (6.2.1)

as in linear model. Applying OLS to
(6.2.1), we obtain the estimates of the
structural parameters as;

(a) Ordinary Least Squares (OLS.)
The variable, which is made the subject
of each equation, is regarded as the
dependent variable and all other
variables are regarded as independent
variables in each equation.

Considering equation (6.2.1), it
could be written as:

and also the number of stochastic'
equation is greater than the number of
estimation period, (Nworuh (1988),
p.16.) Consequently we confine
ourselves to OLS, 2SIV and 2SPC
estimators.

I
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Estimation
Since the model (6.2.1) has been
identified using the conditions
established above for this intrinsically
linearmodel, we shall not be hesitant to
say that the non-linear structural and
reduced form equations (6.2.2) and
(6.2.3) are identified to the linear
structural and reduced form equations
of the linear econometric model. Thus
the properties and assumptionsmade in
linearmodels also hold here in terms of
estimation methods. This is so because
the non-linear has been made linear by
log transformations,soall conditionsfor
linear models hold for this transformed
linear model too.

For the purpose of estimation we
normalised the equations in the model,
either on log Y, or Yidepending on the
specificationof the equation.Weassume
that there is no first-order serial
correlation. This is because the model
has many first-order autoregressive
specificationsand again from the results
obtained in Nworuh (1993), - no
improvement resulted from the
correction for serial correlation. In
addition, 3SLS estimator is not
applicable to this model, since the
number of predetermined variables is
greaterthanthenumberof sampleperiod

,....

Then ha_ha=25' and n? - 1 = 1 hencel' 1 ,

ho-hlo>nOj- 1 and this holds for each of
the equations in the model. Thus from
(6.2.3) all the equations in themodel are
over- identified.
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(c) Principal Components (PC) method:

This h~s been described in Nworuh
(1988) p.73 and is applied to the
elements of Xsl in (6.1.1). The PC are
extracted from the 27 predetermined

For ZOj= {YOj:Xo).Equation (6.3.4)
has been shown in Nworuh (1988) p. 66
to be consistent. Six, eight and ten
common instruments were considered in
turn; eight performed best in terms of
RMSE and Theils Inequality Criteria and
it is the one chosen for this work. The
estimates of the structural parameters are
obtained as in the linear model and they
are contained in Nworuh (1997).

I\~
And the 2SIV estimator of .r, = Bj I

t.
is defined as

WiD = {x/ xjo} (6.3.3)

arguments of Kelejian (1972) these
chosen instruments become common
instruments. xioand the instruments are
written as:
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variables in the model. Thus the total
variation is 27, but 100% extraction of
variation is encountered at the 22nd
component. This is shown in Table
6.1.We also observe that most of the
variation as shown in this table is
accounted for by the first eight (8)
components. The' correlation of the
variables with the components is also
shown in Table 6.2. PCI is correlated
with almost all the predetermined
variables except the EXAG. PC8 is
weakly correlated with only PT. In the
comparison of Table 6.2 with the similar
table, in the linear model, the log
transformation has not changed the
pattern remarkably, The performances of
2SPC (two stage principal component)
estimators vary with the number of PCs
used in the first-stage regression. With
the evidences established in Table 6.1
and the works of Kelejian (1971) and
Goldfield and Quandt (1972), we
selected the first 4,6 and 8 principal
components respectively, to serve as the
common instruments in each of the
estimators.



Where yo represents XO in equation

The principal components selected for
each estimator become QO* which serve
as initial instruments. The instruments
ofthe first-stage regression are
So~(Qo/ Xo),j = 1,2, (6.3.5)

And, the first - stage of2SPC gives
yoi = So( So 'So) -1 S°'Y°; (6.3.6)

Thus the instruments are given by

Wi= (Ys'Xs). (6.3.7)
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PC Variables with most high correlation
PC, ALL Except EXAG.
PC2 EXAG,CFMET, logFEL, GDPM (-1) and

TMS(-I)
PC3 EXAG and SFR( -1)
PC. logTME (-1)
PCs MB
PC6 ECP
PC? CFLA
PCg PT

Table 6.2
Correlation of the Predetermined Variables

with the Principal Components

Component Name Root % of variation %cumulative
explained variation explained

PC, 22.20538 0.859458 0.859458
2 PC2 1.74216 0.064525 0.923983
3 PC] 0.81305 0.030113 0.954096
4 PC. 0.61908 0.022929 0.977025
5 PCs 0.24568 0.009099 0.986124
6 PC6 0.11970 0,a04369 0.990493
7 PC7 0.08210 0.03041 0.995534
8 PCs 0.05767 0.002135 0.995669
9 PC9 0.04681 0.001734 0.997403
10 PC,o 0.02557 0.000947 0.997403
11 PC" 0.01430 0.000530 0.998850
12 PC'2 0.01381 0.000511 0.999391
13 PC'3 0.00517 0.000192 0.999583
14 PC'4 0.00461 0.00017 0.999753,
15 PC,s 0.00307 0.000132 0.000867
16 PC'6 0.00172 0.000064 0.999931
17 PC'7 0.00062 0.000023 0.999954
18 PC,s 0.00055 0.000043 0.999974
19 PC'9 0.00047 0.000017 0.999991
20 PC20 0.00017 0.000007 0.999998

r: 21 PC2, 0.00004 0.000001 0.999999
22 PC22 0.00003 0.000001 1.000000

Note: The first six components account for more than 99% of the total variation of the 16 predetermined
variables.

Characteristic Roots of the Predetermined Variables in the Non-Linear Model

Table 6.1
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The Estimators
We considered the following five
estimators;
I. OLS: Ordinary least squares.
2. 2SIV8:Eight instruments selected

fromcorrelationmatrix. [CFMET,
CFC, LlogFEL, 10gGCOM_J,

logKF,ECP, 10gTME_1andD1]and
any other predetermined variables
that appear in the equation..

3. 2SPC4: First four principal
componentsandotherpredetermined
variablesthatappearin theequation.

4. 2SPC6: First six principal
components and any other
predeterminedvariablesthatappear
in the equation.

5. 2SPC8: First eight principal
components and any other
predeterminedvariablesthat appear
in the equation.

Comparison and Conclusion
The estimates of the structural
parameters of the non-linear model are
obtainedusing the fiveestimatorsstated
above.Thedifferencesin theirparameter
estimatesbasedon the t-rations,R2s and
Standard Errors of the Regressions
(SER) do not exhibit a definite pattern

Simulation
The endogenous variables are solved
using Gauss-seidel method. The
variables transformed by logarithm are
convertedto theiroriginalunitsby taking
their antilogs. The simulation statistics
used in Nworuh (1993) are used also in
evaluating the performance of the
estimators. The results are displayed in
Tables 6.3 to 6.6.

.Comparing the above estimators in
terms of instruments used and the
estimators in the linear model, there is
no marked disparity in the instruments
used in both cases. Log transformation
of the variables, has not introduced any
remarkably different pattern; the only
difference is that the non-linear model
hasmore determinedvariablestherefore
in these estimators we expect to have
more instruments.

(6.3.3).Using the aboveinstruments for
equation (6.3.1), we obtained 2SPC
estimates of r = (rjrs, as satisfied by
conditionsof the two-stageleastsquares.
The estimates of these structural
parameters of the two-stage principal
componentsestimatorsare alsoobtained
and documented in Nworuh (1993).
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and therefore not of any conclusive use
in the comparison of the performance of
estimators. Hence, we rely on simulation
statistics for comparing the
performances of the estimators.

In Tables 6.5-6.6 we have, for the
five estimators the RSME, Theil's
inequality coefficients, bias and variance
proportions from the dynamic
simultation. Then, using the Friedsman's
Test statistics cover (1971) p.265, we
rank the performances of the estimators
with the four criteria listed above. The
results are displayed in Table 6.7.
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Table: 6.3

The Use of the RMSE Criterion to Compare the Estimators in theNon-Linear Model

Endogenous OLS 2SIVB 2SPC (4) 2SPC (6) 2SPC (8)

GDPA (2) 476.5347 (1) 433.9790 (5) 2270.42058 (4) 481.6433 (3) 478.0918

GDPMQ (3) 537.7392 (4) 564.3425 (5) 1887.7690 (I) 522.9112 (2) 535.2073

GDPMC (4) 237.2330 (2) 23_§.3323 (3) 236.3964 (I) 234.8409 (5) 237.8533

GDPTC (3) 84. 9405 (5) 90.3718 (I) 78.5646 (2) 84.0402 (4) 87.0499

GDPC (4) 126.0164 (I) 123.9190 (5) 126.1152 (3) 124.8253 (2) 124.7901

GDPSV (3) 370.5594 (4) 377.9751 (5) 2306.2646 .(1) 349.3577 (2) 353.8800

TMMG (3) 149.7758 (4) 152.6250 (5) 256.6164 (1) 256.6164 (2) 149.1202

CMMIPM (4) 43.5888 (I) 43.1809 (5) 43.6295 (2) 43.4641 (3) 43.5532

TMF (_4) 129.9472 (2) 129.2543 (5) 171.8170 (I) 129.1770 (3) 129.3835

GDR (4) 310.7613 (3) 308.6691 (5) 2914.7857 (2) 308.6607 (I) 308.6579

GORP (I) 443.4739 (4) 447.8391 (5) 638.8849 (3) 446.0477 (2) 444.5404

HITRP (4) 85.5555 (3) 85.4099 (5) 94.7789 (I) 85.2264 (2) 85.3087

RPOP (2) 0.4526 (1) 0.4513 (5) 0.5588 (3) 0.4556 (4) 0.45584

UPOP (3) 0.2857 (I) 0.2700 (5) 1.3242 (2) 0.2814 (4) 0.2877

GFC (4) 553.8781 (1) 540.853 J (5) 630.1481 (3) 546.4195 (2) 540.8832
r:.... PCOMP (3) 785.8437 (4) 794.5445 (5) 5739.8618 (I) 781.0181 (2) 782.0522

GCOM (4) 422.7281 (3) 400.1625 (5) 1343.9839 (1) 379.1076 (2) 385.7180

KX (5) 0.17083 (4) 0.17077 (I) 0.1544 (2) 0.1630 (3) 0.1659

SFR (I) 258.2388 (4) 278.6448 (5) 388.8626 (3) 270.4S11 (2) 269.3076

TMS (1) 359.2280 (5) 377.4521 (4) 377.2053 (2) 368.4425 (2) 370.4422

TCE (I) 2457.0500 (4) 2486.1532 (5) 253l.2593 (2) 2463.8473 (3) 465.2425

Total Ranks 63 61 94 41 55

New Ranks 4 3 5 2
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Table 6.4

The Use of'the Theils inequality Coefficients to Compare the Estimators
IIIthe Non-Linear Model

Endogenous OLS 2SIVg 2SPC(4) 2SPC(6) 2SPC(8)

GDPA (2.5) 0.0053 (1) 0.044 (5) . 0.1204 (4) 0.0056 (2.5) 0.0053

GDPMQ (2.5) 0.0070 (4) 0.0078 (3) 0.0868 (3) 0.0067 (2.5) 0.0070

GDPMC (3) 0.0091 (3) 0.00911 (3) 0.D091 (5) 0.0090 (4) 0.0092

GDPTC (3) 0.0069 (5) 0.0078 (1) 00.0059 (2) 0.0068 (4) 0.0072

GDPC (4) 0.042 (1) 0.0041 (5) 0.0043 (3) 0.0042 (3) 0.0042

GPDSV (3) 0.0021 (4) 0.0022 (5) 0.0802 (1) 0.0018 (2) 0.0019

IMMG (3) 0.00098 (4) 0.0102 (5) 0.0288 (7) 0.0096 (2) 0.0097

CMMIPM (5) 0.00371 (I) 0.00364 (3) 0.0037 (3) 0.0037 (3) 0.0037

TMF (4) 0.0316 (2.5) 0.0313 0.0552 0.0312 (2.5) 0.0313

GDR (4) 0.0096 (2) 0.0095 (5) 0.8440 (2) 0.0095 (2) 0.0095

GORP (1) 0.0401 (4) 0.0409 (5) 0.0832 (3) 0.0406 (2) 0.0403

HITRP (4) 0.0119 (2) 0.0118 (5) 0.01457 (2) 0.0118 (2) 0.0118

RPOP (2.5) 0.00007 (2.5) 0.00007 (5) 0.00011 (2.5) 0.00007 (2.5) 0.0007

UPOP (3.5) 0.00026 (I) 0.00023 (5) 0.00656 (2) 0.00025 (3.5) 0.00026

GFC (4) 0.0076 (1.5) 0.0073 (5) 0.0099 (3) 0.0074 (1.5) 0.0073

PCOMP (3) 0.000182 (4) 0.0019 (5) 0.0969 (1.5) 0.0018 (1.5) 0.0018

GCOM (4) 0.0209 (3) 0.0187 (5) 0.2112 (I) 0.0169 (2) 0.0174

KX (4.5) 0.0157 (4.5) 0.0157 (I) 0.0128 (2) 0.0143 (3) 0.0148

SFR (I) 0.0342 (4) 0.0399 (5) 0.0776 (3) 0.0376 (2) 0.0372

TMS (I) 0.00579 (4) 0.0064 (5) 0.0065 (2) 0.0061 (3) 0.00616
I

TCE (I) 0.1635 (4) 0.1673 (5) 0.1735 (2) 0.1644 (3) 0.1645

Total Ranks 62.5 62 93 43 54.5

New Ranks 4 3 5 2
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i Table 6.5
I
I
I The Use of Bias Production to Compare the Estimator in the Non-Linear Model.

I Endogenous OLS 2SIVs 2SPC (4) 2SPG(6) 2SPC(8)
I
I

(1.5) 0.00018 (5) 0.35192 (4) 0.00030 (3) " 0.00037GDPA (1.5) 0.00018

GDPMQ (4) 0.00017 (2) 5.156xlO-6 (5) 0.042721 (3) 0.00001 (1) 2.91Oxl0-6

GDPMC (3) 4.66xl0-6 (2) 3.218xlO-' (1) 2.083x 10-6 (5) 0.00483 (4) 0.00005

GDPTC (5) 0_00066 (2) 0-l)0023 (4) 0.0037 (3) 0.00032 (I) 0.00012

GDPC (1) 0.00003 (5) 0.00023 (5) 0.00009 (4) 0.00013 (3) 0.00011

GPDSV (4) 0.0026 (3) 0_00159 (5) 0.40089 (I) 0.00132 (3) 0.00141

IMMG (4) 0.00056 (3) 5.067xI0-6 (5) 0.29952 (1) 2.27xI0-6 (2) 3.277xI0-6

CMMIPM (I) 0.00009 (5) 0.00109 (2) 0.00054 (4) 0.00068 (3) 0.00058

TMF (2) 0.02703 (I) 0.02527 (5) 0.16143 (4) 0.02931 (3) 0.02831

GDR (4) 0.00080 (3) 3.947xl0-1l (5) 0.43475 (1) 3.713xlO-\5 (2) 3.767x IO-IS

GORP (1) 0.00421 (2) 0.00579 (5) 0.179810 (4) 0.00632 (2) 0.00584

HITRP (4) 0.00244 (2) 0.00145 (5) 0.10007 (3) 0.00161 (1) 0.00155

RPOP (4) 0.00005 (I) 3.027xlO-6 (5) 0.12934 (3) 6.23xI0-6 (2) 5.83xI0-6

UPOP (1) 0.00003 (3) 0.00040 (5) 0.37025 (4) 0.00367 (2) 0.00022
r.. GFC (4) 0.00021 (1) 0.00003 (5) 0.00032 (3) 0.00005 (2) 0.00002..

PCOMP .(4) 0.00063 (3) 0.00016 (5) 0.40083 (I) 0.00006 (3) 0.00008

GCOM (I) 0.00612 (3) 0.00763 (5) 0.36884 (3) 0.00752 (2) 0.00751

KX (1) 0.01948 (2) 0.04103 (5) 0.12628 (3) 0.04203 (4) 0.04254

SFR (I) 0.00585 (4) 0.02086 (5) 0.21444 (3) 0.01868 (2) 0.0177

TMS (I) 0.00010 (5) 0.00183 (4) 0.00143 (2) 0.00086 (3) 0.00108

TCE (3) 0.04862 (4) 0.04993 (5) 0.18266 (1) 0.04676 (2) 0.04685

Total Ranks 54.5 59.5 93 60. 48

New Ranks 2 3 5 4
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Table 6.6

The Use of Variance Proportion to Compare the Non-Linear Model.

Endogenous OLS 2SIVs 2SPC (4) 2SPC (6) 2SPC (8)

GPDA (4) 0.00073 (3) 0.00043 (5) 0.53319 (1) 3.35xlO-6 (2) 9.06810-8

GDPMQ (4) 0.01897 (3) 0.0117 (5) 0.48841 (1) 0.00717 (2) 0.00855

DPMC (5) 0.01722 (2) 0.00933 (4) 0.01295 (1) 0.00004 (3) 0.00966

GDPTC (1) 0.00004 (2) 0.00025 (4) 0.0037 (3) 0.00032 (1) 0.00012

GDPC (5) 0.02039 (1) 0.00850 (4) 0.01355 (3) 0.01020 (2) 0.00906

GPDSV (;3) 0.00021 (4) 0.01024 (5) 0.54883 (1) 0.00002 (2) 0.00007

IMMG (3) 0.00440 (4) 0.00446 (5) 0.37101 (1) 0.00230 (2) 0.00235

CMMIPM (5) 0.06454 (1) 0.02656 (4) 0.040653 (3) 0.3252 (2) 0.02823

TMF (4) 0.10862 (1) 0.10111 (5) 0.23549 (3) 0.10601 (2) 0.10599

GDR (4) 0.02032 (3) 0.00539 (5) 0.54165 (1) 0.00358 (2) 0.00466

GORP (1) 0.03287 (2) 0.03973 (5) 0.19794 (3) 0.04240 (4) 0.4033

HITRP (1) 0.01860 (3) 0.02481 (5) 0.6872 (4) 0.02608 (2) 0.02441

RPOP (I) 0.00085 (2) 0.00186 (5) 0.12076 (4) 0.00231 (3) 0.00220

UPOP (2) 0.00092 (4) 0.00979 (5) 0.43743 (1) 0.00026 (3) 0.00655

GFC (4) 0.01014 (I) 0.00270 (5) 0.01330 (3) 0.00694 (2) 0.00427

~.
PCOMP (1.5) 0.00016 (1.5) 0.00016 (5) 0.55570 (4) 0.00055 (3) 0.00042

GCOM (3) 0.00058 (4) 0.00061 (5) 0.51522 (1) 0.00003 (2) 0.00023

KX (4) 0.03936 (1) 0.00282 (5) 0.21753 (3) 0.00689 (2) 0.00683

SFR (I) 0.00043 (3) 0.01058 (5) 0.11065 (4) 0.01666 (2) 0.01023

TMS (I) 7.604xI0-6 (5) 0.00226 (4) 0.00100 (2) 0.0006 (4) 0.00130

TCE (4) 0.34269 (5) 0.35076 (I) 0.01690 (2) 0.34001 (3) 0.34055

Total Ranks 61.5 55.5 96 49 52

New Ranks 4 3 5 2
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Summary Table of the Friedman's Test Statistic Value Based on the Estimators of the
Non- Linear Model.

c~
Estimators Listed in the Order of Preference

2SPC6 2SPCg 2SIVg OLS 2SPC4

1. Bias Proportion 4 1 3 2 5
2. Variance Proportion 2 3 4 5
3. RMSE 2 3 4 5
4. Theils Inequality

Coefficients 2 3 4 5

Sum of the ranks 7 7 12 14 20
Ranks based on the Sum (1) (2) (3) (4) (5)

Table 6.8

comparison of their performances with
the respect to the four criteria is valid.
We then re-rank the estimators row of
each of the tables (6.3 - 6.6) and the
results are summarised in the Table 6.8.

From the statistical table, (X2) 0.01 (4)
= 13.30 is less than the computed T
values in the summary table (Table 6.7)
suggest that the five estimators have
performed differently, hence the

* * - highly significant at 1%

* *26.56
Variance Proportion
(Table 6.6)

* *23.21Bias Proportion (Table 6.5)

**26.16
Theils Inequality Coefficient
(Table 6.4)

Level of SignificanceT - ValuesCriteria

Summary Table of the Friedman's Test Statistics and Value Based on the
Estimators of the Non-Linear Model

Table 6. 7

Godwin E. Nworuh62

* *26.42RMSE (Table 6.3)
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7.

6.

5.

4.

3.

GDPMQ: Gross Domestic Product in
Mining and Quarrying Current Value (Nm)

GDPM: Gross Domestic Product in
Manufacturing Current Value (Nm)

GDPTC: Gross Domestic Product in
Transport and Communications Current
Value(Nm)

GDPP: Gross Domestic Product in
Petroleum Current Value (Nm)

GDPC: Gross Domestic Product in
Construction Materials Current Value
(Nm)

GDPSV: Gross Domestic Product III

Services Current Value (Nm)

2.

List of Variables
1. GDP A: Gross Domestic Product in

Agriculture (Nm) Current Value.

Where * denotes predermined variables and n is
log transformation(long specified equations).

Identities and Definition of Equations
1. KF = EXAG + ECP

2. XX = CMMIPM +CHMIP,

3. XG = PCOMP + GCOM

4. POP = RPOP + UPOP

5. TMI = IMMG+ CHMIP +CMMIPM +TMF

6. TCR = GDR + HITRP + GORP

7. TGDP = GDPA + GDPMQ + GDPM
+ GDPTC + GDPSV.

11. RPOP,= a38+ a39GDPA, + a4oT*,

12. UPOPt = CX41+ a42GDPSV, + a43GDPM, +
CX44POP,

13. GD~ = a45+ a46GDPP,

14. 11GORP, = a47+ cx4snTGDP,+ CX49nT*,

15. HITRP,=a50+asITMI,

16. n KXt= aS2+ cxS3nTMSt+ cx54nTCEt +
a55nFX*,

17. TMS, = a56+ a57MB*, + CX58SF~+ a59
TMS*,_,

18. nTMF, = CX64+ a6,CFMET*, + a66
DCOMP, +a67 PT*,

19. CHMIP, = 0:68 + a69CFMET*, +
a70CHMIP*,

9.

8.

7.

6.

5.

4.

3.

2. GDPMQt + cx6 + a7 GDPP, + as GFCt +
cx9D*lt

GDPPt = alO + all ECP*t + al2 CFLA *,

GDPTC, = cxJ3 + al4 GDPM*t_l+ al5
CFMET*,+ a,6(CMMIPM + CHMIP\

GDPTC, = al7 + al8 GFCt + al9 GDPTC*t_,

GDPCt = a20 + CX21CFC*, + a22 CMMIPMt

GDPSV, = a23 + a24 (PCOMP + GCOM)t
+ a25Dl*,

PCOMP, = a26 + a27 GDRt + a28
PCOMP*t_1 + a29DIN*t

nGCOM*, = cx30 + a31 nTCR, + cxJ2
nGCOM*'_1+ a33 n POP,

10. GFC,= a34+ a3sTGDP,+ a36 (CMMIPM
+ CHMIP), + a3P*1,

Appendix

The specification of the Non-Linear
Econometric Model

Stochastic Equations
1. GDPA, = aj+ a,EXAG*t + aJPCOMPt

+ CX4GDPA *'-1+ 5 GFC,
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20. ,SF~ = a-71+ a72 TME*t + a73SFR*t_1
+ a74TMIt

21. CMMIPMt = a75 + a76GDPCt +
a77CMMIPM* t-I

22. n TMEt = a7S+ a79nKF* + aso n PXK*t
+ aSI n TME*t_1
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8. CRIMP: Import of Machinery and 21. KX: Cost of Living Index (1975 =1.00)
Transport Equipment, Current Value (Nm)

22. PCOMP: Private Consumption9.• IMMG: Import of Manufactured Goods Expenditure, Current Value (Nm)
Current Value (Nm)

23. GCOM: Government Consumption10. CMMIPM: Import of Construction Expenditure, Current (Nm)
Materials, Current Value (Nm)

24. lMS: Total Money Supply, (Nm)
II. 'IMP: Import of Food, Current Value (Nm) 25. TGDP: Total Gross Domestic Product,
12. RITRP: Import tax Revenue, Current Current Value (Nm)

Value(Nm)
26. TCR: Total GovemmentRevenue, Current

13. GDR: Government Direct Revenue, Value(Nm)
Current Value (Nm) 27. POP: Total Populations ( Million Persons)

14. GORP: Government Other Revenue, 28. TMI: Total Merchandise Imports CurrentCurrent Value (Nm) Value(Nm)
15. RPOP: Rural Population (Million 29. TC: Total Consumption Expenditure,Persons) Current Value (Nm)
16. UPOP: Urban Population (Million

Exogenous VariablesPersons)

17. SFER: Stock of Foreign Exchange 30. ECP: Export of Crude Petroleum, Current
Reserve, Current Value (Nm) Value(Nm)

31. CFLA: Capital Formation in Agricultural18. TCE: Total Current Expenditure, Current
and Mining, NmValue(Nm)

32. CFC: Capital Formation in Construction19. TME: Total Merchandise Exports, Current
Materials (Nm)r.

Value(Nm)...
33. CFMET: Capital Formation in Machinery20. GFC: Gross Fixed Capital Formation

and Transport Equipment, Current Value(Total Investment Value (Nm)
(Nm)
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