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This paper developpes a nonlinear single equation econometric model for the investment
 

function in Spain, taking as starting point the equation estimated by Andrés et al. (1990). This
 

original model, linear in its structure, incorporates oscillant dynamic relationships between the
 

dependent and the explanatory variables. In the nonlinear model estimated in this paper, the
 

response of the investment to production depends at any moment on the relative prices of
 

energy, as an indicator of uncertainty into the future. This allows the investment to response
 

with big oscillations to movements in production only in moments of great uncertainty. This
 

alternative model introduces a nonlinear error-correction scheme, in which the adjustments to
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the original adjustment, by reducing the residual variance in more than 30%.
 

Keywords:
 

Transfer function, dynamic response function, time-varying parameter models, nonlinear error
 

correction models, relative prices of energy.
 

*Senra, Departamento de Estadística y Econometría, Universidad Carlos In de Madrid. CI
 

Madrid, 126 28903 Madrid. Spain. Ph: 34-1-624.98.89; Fax: 34-1-624.98.49, e-maíJ:
 

esenra@est-econ. uc3m.es; Espasa, Departamento de Estadística y Econometría, Universidad
 

Carlos nI de Madrid. e-maíJ: espasa@est-econ.uc3m.es. We acknowledge fue finantial support
 

given by the project PB93-0236 from the Spanish DGICYT.
 

........_- --------------------------_._--_._------





1 Introduction 

The specification of a linear single equation dynamic econometric model in rational 

distributed lags or transfer function (TF) formulation specifies the different types 

of dynamic dependence between the explanatory and the dependent variables. The 

general formulation of any of these models, supp~sing, for simplicity of the exposi

tion, that it only has one explanatory variable, is given by 

(1.1 ) 

where 

ws(L) - Wo +wIL + +wsU, (1.2) 

br(L) 1 - bIL - - brU, (1.3) 

8 q(L) 1 - OIL - 02L2 - ... - OqU (1.4) 

~p+d(L) (1- L)d(l - <PIL - <P2L2 - ... - <PpU), (1.5) 

Ut is a white noise variable and the roots of ws(L), br(L) and Oq(L) are outside the 

unit cirele. 

The rational stationary filter ~:fz] picks the specific dynamic effect of the variable 

X on the variable Y, Ut is a white noise variable and ~~:~tl)Ut approximates the 

residual dynamic structure. Ir the model has more than one explanator.y variable, 

there will be in general, a different rational polynomial r for each one. Along
rJ 

this paper the polynomials ws.j(L) and 8 q(L) will be called moving average (l\IA) 

polynomials and brj(L) and ~p+d(L) autoregressive (AR) polynomials. 

\Vhen X is a strongly exogenous variable, the dynamic structure ~:ft] represents 

the response function of Y to impulse changes in the variable X and is given by 

ws(L) b 2 ( 
Voo ()L == br(L) L == Vo +VIL +V2L +.... 1.6) 

In (1.6) it must be observed that the polynomial in the numerator extends s periods 

with no functional structure the effect of an impulse, and the one in the denominator 
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extends, in theory till infinity, the impulse effect imposing an exponential or osciHant 

behaviour to the coefficients of V OO ' 

Ir X is not strongly exogenous there is feedback in the dynamic response of Y 

to changes in X and in that case (1.6) is not a real response function. However, in 

such situation ~:ftl represents the dynamic structural relationship between X and 

y and can be represented by the right side in (1.6), though the Vj coefficients are 

not neccessarily, response coefficients to an impulse in X. 

Since model (1.1) must be balanced, one has that the oscilations in Y which 

are not in X will be incorporated in the dynamic filters of the mode1. Ir those 

oscilations are due to an omitted variable correlated with the set of explanatory 

variables the estimation of the dynamic re1ationships in (1.1) will be inconsistent 

and could be spurious. In the case of not correlation with the included variables, 

the effect of the omitted variable will be in the residual dynamics. AH this means 

that before accepting a model, a careful analysis of its dynamics must be done. 

In particular, if the dynamics show important oscillations it will be useful to test 

the model against omitted variables before accepting that the estimated dynamics 

represent a reasonable approximation of the real world. 

Any dynamic mode1 can be formulated in two ways: (a) in rational distributed 

lags or transfer function terms2 and (b) in autoregressive distributed lags (AD) terms 

as 

a(L)Y; = ¡3(L)Xt + ato (1.7) 

The change from the TF, given in (1.6), to the AD formulation is made approximat

ing the ARIMA residual structure in (1.1) byan AR polynomial of finite order and 

multiplying (1.1) by this polynomia1. Then, the transfer function for X t is aprox

2The term transfer function is usually reserved for the case in which the explanatory variable 

is strongly exogenous. In this article we use the transfer function term, though the explanatory 

variable could not fulfill the exogeneity condition. 
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imated by polynomials v( L) of finite orders3 
• The change from the AD to the TF 

formulation is made directly, multiplying the AD model by [a( L )] -1. In this case 

aH the explanatory variables and the residual term have the same denominator in 

their filters. If for a particular model one of the mentioned formulations is known 

or an estimation is available, it can be inmediately obtained the other. 

The starting point of this article is the single equation econometric model for 

private productive investment presented in Andrés et al. (1990). This model in the 

rational autoregressive distributed lags formulation (AD) is the foHowing4 : 

(1 - 0.46L + 0.25L2 )It = -2.73 + (2.72 - 1.85L2 )GDPt _ 1 + 
+2.29~CUt + (-1.54 + 0.43L)(e/P)t-l 

(1.8) 

where 1 is the logarithm of investment, Y is the logarithm of Gross Domestic Prod

uct, CU is the logarithm of the degree of usefulness of production capacity, eP 

is the logarithm of the cost of capital, 1r is the infiation rate of the GDP defiator 

and a is the residual supposed to be generated by a white noise, ~ is the difference 

operator and L is the lag operator. The model has been estimated using annual 

data for the period 1964-1987 and the residual standard deviation is (¡ = 0.0258. 

In this model the transfer functions of aH the explanatory variables have a com

mon denominator which is a second order autoregressive process 

(1.9) 

This polynomial has a pair of complex conjugated roots 

0.23 ± 0.44i, (1.10) 

with module 0.5 and periodicity 5.74 years. 

30n this point, see Espasa y Cancelo (1993). section 3.10.
 

4See Andrés et al. (1990), page 153.
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There is no theoretical requirements about oscillant responses between the in

vestment and all their explanatory variables and with the saine kind oí oscillation 

amongst them, and also equal to the residual component. Such a restrictive íormu

lation is the reason that originally motivated this article. 

Another interesting consideration about this model, is that the estimated long

run elasticity between investment and GDP is greater than unity. The characteristic 

oí elasticity equal to one between investment and GDP, can certainly be true in 

consolidated economies. In equation (1.8) the ratio between investment and GDP 

IS 

1 - GDP = O.10GDP. (1.11) 

The authors recognize the existence oí arguments based in the characteristics oí the 

sample period used which allow to justify this elasticity to be slightly greater than 

unity. The main reaSOlÍ is that in the Spanish economy, in the sample period consid

ered, a big accumulation oí capital took place, and in those particular circunstances 

we would not expect to estímate a long-run unit elastícity. 

The model used írom now on, is the same as the one presented 11l equatíon 

(1.8), but reestimated with the data (rounded) such as they appear publíshed in the 

appendix oí Andrés et al. (1990). So the results obtained are: 

(1 - 0.56L + 0.27L2 )1t = -2.:39 + (2.44 - 1.66L2 )GDPt_1 + 

+2.24~CUt + (-1.52 + 0.57L)(C/ P)t-l + 
-O.85~21l"t + at. (1.12) 

The t-values oí each coefficient are íound in Table 1 and the standard residual 

deviation obtained is a = 0.02109. 

The dynamic íunetions basically presellt the same characteristics than the origin

al estimation. The second order autoregressive filter affeeting the íunetions oí all 
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the explanatory variables is 

82(L) = 1 - 0.56L +0.27L2 
• (1.13) 

Again this polynomial has a pair of conjugated complex variables 

0.26 ± 0.58i, (1.14) 

with module 0.52, which produce oscillations of periodicity 6.26 years. In graph 1, it 

can be seen the oscillant behaviour of the dynamic functions of all the explanatory 

variables in the model. AIso it should be noted that the lon-run elasticity between 

investment and GDP is 1.09 instead of the published value of 1.10. 

The rest of this papel' has been organized as follows. Section 2, analyzes several 

features of the lllodel, and it is detected that the oscillations developped by the 

autoregressive filter are required by the data basically in the period 1974-1980. 

In section 3, it is argued that, lllostly because of the two energy crises, this is a 

period of special uncertainty into the future, what lllust affect the proccess of taking 

investlllent c1ecissions. In such a situatioll it lllakes sense to consic1er, a schellle of 

alternative lllodels in which the elasticity between investment and the explanatory 

variables are not fixed parameters, but functions of the degree of uncertainty into the 

future. It is proposed to approxilllate the uncertainty level by the relative price of 

energy, in a way such that if they rise abruptly, the uncertainty into the 'future also 

rises, while if they decline, also does the uncertainty into the future. The discussion 

of this model is made in section 4. In section 5, the alternative lllodel is written 

in its error-correction lllechanislll form and it is placed in the context of non-linear 

error correction lllodels exísting in literature. Last, section 6 concludes. 

Initial Considerations 

lnitially the following aspects of the lllodel in equation (1.12) are studied: 
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1. the residuals of the model 

2. the effects oí the autoregressive filter on each variable, and 

3. the contributions of the variables. 

2.1 Study of the Residuals 

The residuals oí equation (1.12) show a mean which is not significantly different from 

zero. Neither are the corresponding autocorrelations and there isn't any residual 

bigger than 1.960' = 0.04133 in absolute value. However, if the residuals of equation 

(1.12) are observed (see graph 2), two residuals a bit outstanding respeet to the rest 

can be deteeted: the residuals corresponding to years 1975 and 1978. 

Intervention analysis has been applied to see if the adj ustment could be improved, 

but the results of the estimation of the coefficients relative to the dummy variables 

introduced happens to be non-significant. 

2.2 Effects of the Autoregressive Filter on each Variable 

l\lodel (1.12), can be rewritten in terms of transfer funetions in the fol1owing way 

2.44 - 1.66L2 

-3.36 + 1 _ 0.56L +0.27L2 GDP t - 1 + 
2.24 ~CU 

+1 - 0.56L +0.27L2 t + 
-1.52 +0.57L 

+1 - 0.56L +0.27L2 (CI P)t-l + 
-0.85 ~2 

+1 - 0.56L +0.27L2 7rt + 
1 

(2.1)+1 - 0.56L +0.27L2 at· 

The model is not balanced5 in the variables, and equilibrium in estimation is 

SOn balanced models see Granger (1990), pages 12 and 13 and Espasa y Cancelo (1993), pages 
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achieved by a dynamic oscillant polynomial, which in the specification chosen by 

the Andrés et al. (1990) is imposed in a COllllllon form to aH the variables and the 

residual termo 

As it has been said before, the presence of the oscilating polynomial (1- 0.56L + 
+0.27L2 ) can be due to an olllittecl relevant variable. This will be the solution to 

which data will lead, when looking for a lllodel specification guided by economic 

considerations. Before searching for possible olllitted variables, and to outline the 

nature of the problelll, it should be taken into consic1eration lllodels in which the 

oscillant effeet appears only in the residual element or just in one 01' several transfer 

functions but not in aH of thelll. 

The first step has been to apply the autoregressive cOlllponent only to the resid

uals and to elilllinate it frolll the explanatory variables. The result has been that the 

ac1justlllent worsens, and the standard residual cleviation takes the value a= 0.0026. 

The sallle proofs have also been lllade changing the llloving average (MA) poly

nOlllial specification -w(L)- which affeets the variable GDP clelayecl one perioc1, 

keeping in all the cases the autoregressive strueture applied only to the resiclual. 

This original MA polynolllial for GOP t-1 was 

(2.2) 

and the following cases were considered: 

wo + (w¡ +W2L)(1 - L)� 

(wo +W¡ L) + (W2 +wa L)(1 - L)� 

Wo +W1 (1 - L) +W2 (1 - L)2� 

Wo +w¡(1 - L)2� 

Wo + (w¡ +W2 L)(1 - L)2,� 

198-200. 
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The best adjustrnent is around U = 0.03, so it is clearly worse than in the original 

rnodel. This result indicates that if the problern is caused by ornitted variables, it is 

possible that those variables are correlated with sorne of the included ones and also 

that their effect in the rnodel could be nonlinear. 

Keeping the original rnoving average forrnulation in aH the variables, the next 

step was to incorporate the autoregressive part to a certain explanatory variable 

as well as to the residual cornponent. The objective was to check if the cyclical 

oscillations are due only to just one explanatory variable instead to aH of thern, 

as the original rnodel proposes. In aH the cases, the adjustrnent is worse, being u 
greater than 0.0239. 

2.3 Variable Contributions 

The contribution of an explanatory variable X t is defined as the infiuence it h.as on 

the dependent variable. This contribution denoted by X; is given by 

x; = (2.3) 

Craphs 3 shows the original explanatory variables and their contributions. 

The rnost relevant effect is observed in the CDP contribution, 

2 
CDP* = 2.44 - 1.64L CDP . (2.4)

t 1 _ 0.56L +0.27L2 t-l 

It can be clearly seen how the associated dynarnic filter causes fiuctuations that 

original CDP did not have. This rneans that in the specified rnodel the best fit 

is obtained with a filter given in (2.4) which rnust provoke fiuctuations which are 

absent in the original variable CDP. This suggests that if there were any relevant 

ornitted variable which had this fiuctuations, its inclusion in the rnodel could rnake 

unnecessary the second order autoregressive polynornial in the filter of CDP. The 
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consideration of a possible omitted variable with these characteristics is the objective 

of the next section. 

A Nonlinear Relationship between Investment 

and Production motivated by Strong Changes 

in Expectations 

In the analyzed model for investment what could be missing is a variable refiecting 

important changes on future expectations, which possibly happen with the occasion 

of the energy crises in 1974 and 1979. A potencial variable for this purpose is the 

relative prices of energy, because important changes in these prices refiect greater 

uncertainty when investing. In this paper, this variable has been built as the log of 

the ratio between the prices of energetic imports and the defiator of production and 

it is denominated RPE. 

The first step has been to study careful1y this variable which is represented 

in graph 8. Given the scarce number of observations available, it is difficult to 

distinguish wether this series has a unit root or if, on the other hand, on the line 

of Perron (1989) and Espasa (1989), the series could be generated by a model with 

abrupt changes in mean. In this paper, it has been considered as 1(1). 

The linear contribution of this variable is not significative by the usual standards. 

However, the impact of this variable can be bigger in a nonlinear formulation. Thus, 

it seems interesting to consider models in which the uncertainty into the future 

generated by the abrupt changes in energy prices is refiected in changes of the 

elasticities of the explanatory variables with respect to the investment. To this 

purpose, the variable RPE will act as an uncertainty indicator. 

Granger and Lee (1991) extended the idea of cointegration al10wing the coeffi
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cients in the model to vary over time. Concretely they suggested a re1ationship in 

which the parameters changed in function of another variable ~t. A general type 

of time-varying nonlinear model which could pick up the interactions between the 

explanatory and the dependent variables as a funetion of another variable ~ to the 

model is 

(3.1 ) 

where X t the set of explanatory variables of the model (including delays of the 

dependent variable /), at an stationary residual and I1(L, Oa polynomial in the lag 

operator and the variable ~. In what follows it will be assumed that ~ is strongly 

exogenous and that I1(L, O can be decomposed in the following way: 

(3.2) 

and therefore (3.1) can be rewritten as 

(3.:3) 

This formulation allo\Vs us to c1istinguish clearly how the indicator of uncertainty • 

eaffects the elasticities of the different explanatory variables, and to know which 

\Vould have been these elasticities in the cases when there is stability in qle variable 

~. Also, supposing that I12( L, O = O, the linear case woulcl be nested in the nonlinear 

fOrlnulation. 

Given the scarce number of observations available, it is not possible to estimate 

model (3.1) in a reliable way. This is the reason why in this case we have used 

a moclel less general in which only the elasticity of one of the variables, say Z, 

is affected by the exogenous variable e. Using X t = (Zt, W¡), the kind of model 

considered is 

(3.4) 
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where rr"'(L, e) = rri(L) + rr;(L,e), and 8(L) a polynomial only on 1. In our case 

the exogenous variable eis the relative prices of enel'gy RPE defined aboye. 

As the result of this analysis it is obtained that the only elasticity significatively 

affected by RPE is the one corresponding to GDP, obtaining the following alternative 

model 

l t - -5.81 + rr"'(L, RPE)GDP t + 
+1.03~CUt - 0.83L(C/ P)t + 

, A 2 1 A (3.5)-0.27u 1I"t + 1 +0.79L2 eh 

being 

rr"'(L, RPE) [(2.:32 - 1.05L2 )L 

In this case rr;(L) = (2.32 - 1.05L2 )L and rr;(L, RPE) = -0.004(RPEt_ 1L + 
RPEt_ 2 L2 + RPEt_ 3 L3 ). The adjustment is 8-2 = 0.01737. The residual autoregres

sive process has a pair of complex variables 

±0.8879i 

of module 0.79 and'pé'riod 4 years} The t-values fol' each coefticient al:e found in 

Table 1. 

In this model, the contribution of GDP on inVt:'.stment, say (GDP;), depends on 

RPE in the following way: 

GDP'"t [(2.32 - 1.05L2 )L - (3.7) 

-0.004(RPE t _ 1 L + RPE t _ 2 L2 .+ RPEt _ 3 L3 )]GDP t = 
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4 

- [1.27L - 0.004(RPEt_ t L + RPEt_ 2 L2 + RPEt_ 3 L3 )]GDPt + 
+ [1.05L(1 + L) - 0.004(RPEt_ t + RPEt_ 2 L)L)]LlGDPt , (3.8) 

where Ll is the first difference operator. Graph 4 shows the the contributions of each 

of the variables. Graph 6 al10ws to know exactly how the nonlinear term affects in 

the model. It can be seen how its contribution changes along the model, picking the 

effeet of the two energy crises. The dynamic relationship between investment and 

GDP in presence of stability in energy relative I)I'ices in a value RPE8 is 

I t = [1.27 - 0.012RPW]GDP t _ t + (3.9) 

+[1.05(1 + L) - 0.004RPE8 (1 + L)]LlGDPt_ t • (3.10) 

When the relative prices of energy change, the previous dynamic relation is altered 

as a function of them. 

lt 's concluded that, when including the relative I)l'ices of energy in the model, 

we are supposing that, as far as abrupt changes on these I)I'ices refer to bigger 

uncertainty into the future, the elasticities are sensible to variations in future ex

pectations. 

Considerations on the Alternative Model 

Let 's compare first the original model given by equation (1.12) and the alternative 

sho\Vn in equation (3.5). The residuals in both cases c10 not show sample autocor

relations significatively different from zero. But it is moc1el (:3.5) which has better 

resuits: it's residual standard c1eviation is O- = 0.01737 insteac1 of O- = 0.02109 

original1y. AIso, it can be checked in the graph of the residuals (graph 2) that 

the residuals of model (3.5) (dotted line), are not only smaller in absolute value, 

but also eliminate the oscil1ations in the years 1975-1980 detectec1 in the original 

model commented in previous sections. The alternative model improves the original 

ac1justment. 
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Second, looking at the transíer íunctions, it's obtained that the autoregressive 

filter common to the denominator oí aH oí them in the original model affects only 

the residual part oí the alternative model. This model was built pretending to solve 

the problem oí osciHant responses that the original model hado So, in graph 4, it 

can be observed how the contribution oí GDP has a similar effect than the one 

obtained by the complex roots autorgressive process showed in graph 3, and how 

the the oscillant behaviour has disappeared írom the contributions oí the rest oí 

the explanatory variables. AIso graph 5, compares the contribution oí GDP in both 

models and it's remarkable how they both obtain the same effect. 

Another point to comment is that the number oí parameters is not greater with 

the inclusion oí the new variable in the alternative model. Just the oposite as can 

be seen in Table 1, this alternative model has one parameter less than the original 

model. 

In conclusion, with the alternative model proposed, the original one is rejected 

in íavour oí the new one, and also, the characteristics oí the alternative model are 

easier to asume from a theoretical point oí view than those ol' the original one. This 

model signaled that aH the response íunctions, inclucling the residual term, were 

osciHant with the same structure amongst them. With the new model, the only 

sistematically oscil1ant structure is the one corresponcling to the residual elemento 
o 

The rest oí the explanatory varialbes, except GDP, do not haveoscillant response. 

In the case oí C;DP the oscillant response is not sistematic in time, independently 

of specific economic circumstances, but it appears in periods oí great uncertainty 

about the íuture. Such uncertainty in the model is approximated by the relative 

prices oí energy. 

In the new model, the estimated long-run elasticity oí investment with respeet to 

GDP is greater than the original one, and this seems coherent with the strong process 

oí capital accumulation registered in the Spanish economy during the sample period 
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considered. However, once certain developlllent of the Spanish econOlllY has been 

consolidated, this elasticity should not be greater than untiy. In an extended salllple 

with enough number of years in which observations of an hypothetical situation of 

consolidated development are induded, the lllodel could be spec.ified to aHow the 

elasticity in (3.10) to be greater than one at the period with big capital acumulation 

and restricted to be equal to unity once tlie process of capital acumulation were 

consolidated. 

Error Correction Mechanism 

Now, it is studied a bit more in detail the long-run properties of the original and 

the alternative models. Let us com11lent first the integration orders discussed by 

Andrés et al (1990). They argue that the variables do not follow very erratic paths 

and S011le of them show a clear growth. In general, they are characterized by being 

integrated of order one and having tendency in mean, except GDP, which could be 

represented by and 1(2) process. Andrés et al. (1990) argue that this is probably 

just a sa11lple phenomena, because in the considered period there are some very high 

rates of growth and also a big depression. So they condude that aH the variables 

are in tegrated of order one. 

The hypothesis that the variables in the 11l0del 1, GDP, C/P, CU are integrated 

of order one, implies their stochastic growths have stable 11leans in time. This hy

pothesis isn 't realistic for variables with sistematic growth, like 1 and GDP, because 

it's clifficult to accept that their growth rate tend in every moment in time to the 

same fixed value as can be observed in graph 7. The hypothesis of a second unit 

root is probably most adequate than the original one. Unfortunately the tests to de

termine the integration order are only valid for big samples. They have little power 

against alternative hypothesis and the right test to be applied depends on the the 
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hypothesis made on the possible breaks in the trend of the corresponding series as 

it is our case. Again graph 7 shows how the first difference transforlllations of I 

and GDP are both charaeterized by having significantiy different llleans beforeand 

after 1974 (dotted lines represent the confidence bounds at 95%). The conclusion 

is that the integration and cointegration orders can not often be determined with 

precision. In any case, it 's not very relevant, what really matters is to conclude 

with a balanced model, in which the variables and dynalllic factors which balance 

the right term of a model with its corresponding dependent variable do make sense 

and have economie interpretation. In other words, what is illlportant is that the 

dynalllic faetors deterlllined in the estilllation process were not spurious due to the 

omission of relevant variables 01' to restrietions in the dynamic factors of the lllodel. 

None of the above lllentioned hypothesis on the long-run nature of I and GDP 

growing is completely convineing. A better alterna~ive perhaps would be to postulate 

for them an univariate ARMA model with randolll level shifts, as proposed by Chen 

and Tiao (1990). But the estimation of these level shifts also has problems. Given 

the difficulty of characterizing the long-run of the variables considered in this article, 

it is going to be taken the proposal defended by Andrés et al. (1990) of just one 

unit root. 

So let's consider first the lllodel given by equation (1.12) and obtain its error .. 
correction model formo In this model all the variables appear preceeded by a poly

nomial on 1. Let 's call f3( L) the polynolllial affecting the dependent variable alld 

formulate it as: 

f3(L) = f30L + f31(L)(1 - L), (5.1 ) 

where f30 is the previously mentioned long-run elasticity 01' gain of the filter f3(L). 

This decomposition allows to know at the same time the effect of the variable in 

the long-run of the model, given by f30 and the effect in the short-run givell by 
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,81(L)(1 - L). Rewriting (1.12) in this way 

b.1t = 2.29b.CUt - 0.85b.211"t + 

+1.66(1 + L )b.GDPt-l - 0.57b. (~) t-l + 
+0.27b.1t- 1 + 

-0.71 [1t- 1 + 3.37 - 1.09GDP t - 1 + 1.34 (~) t-J + et (5.2) 

Frolll here one can characterize the long-run relationship given by the original 

lllodel for investlllent 

. (1 (C). A1t = -3.37 + 1.09 lDP t - 1.34 P +Ut· (5.3) 

The sallle decomposition given by (5.2) can be applied to the alternative model 

given by equation (3.5). 

The nlodelobt~ned is 

b.1t = 1.03b.CUt - 0.27b.27rt + <I>(L, RPE)b.GDP t _ 1 + 

- [1t-1 + 5.81 +0.8:3 (~) t-l + ljJ(L, RPE)GDPt_l] + 
1 

+1 +0.79L2 at, (5.4) 

being 

<I>(L, RPE) [1.05 - 0.004(RPE t _ 1 + RPEt_ 2 L)](1 + L)b.GDP t _ 1 (5.5) 

and 

'lj;(L, RPE) = 1.27 - 0.004(RPEt_ 1 + RPEt- 2 + RPE t - 3 ). (5.6) 

So the long-run dynamic relationship of investment in Spain is characterized by 

1t = -5.81 - 0.83 (~) t - 'lj;(L, RPE)GDP t • (5.7) 
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Equation (5.4) is an specification of a non-linear error correction mechanism. 

The literature on this kind of models is not very wide, but several formulations have 

been realized and applied to data, Burgess et al. (1993) survey and apply them 

to labour demand in U.K.. Granger and Lee (1989) proposed an asymllletric error 

correction lllodel characterized by different adjustments depending on the sign of 

the error corréction term 

(1 - L)lt = -A[al (1t-l - APt-d+ +02(1t-l - APt-d-] + 
+a( L).6.Xt +Uc, (5.8) 

where l t is the dependent variable, Pt is the set of variables influeting the long-run, 

X t is the set of aH the explallatory variables illvolvecl in the short-rull specification, 

a(L) = ao +alL +... +pLP and 

(lt - APt)+ = max{(lt - APt),O} (5.9) 

(lt - APtr = min{ -(lt - APt), 0l (5.10) 

A more general formulatioll is in Escribano (1986) who developped the cubic 

polinomial error correction representation given by 

(1 - L)1t = -A[OI(1t-l - APt-d +02(1t-l - APt_d2 +Ct3(lt-l - APt_d3] + 
+al(1 - L)Xt- 1 +... +ap(1 - L)Xt- p+Uc, (5.11) 

The cubic expansion of the errror correetion term allows smooth adjustments to 

approximate the asymmetric reactions. 

Another approach was the error correction representation with time varying pa

rameters studied by Burgess (1988, 1992) of the for111 

(1 - L)1t = -A(~c)(1t-l - APt-d +al(1 - L)Xt- 1 +." ap(l - L)Xt- p+Ut.(5.12) 

This formulation allows the lon-run term of the equation affeet in a different way 

as the variable ~t changes in time. 
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The model developped in this article gives a new kind of error correetion formu

lation of the form 

The difference of equation (5.13) related to the models given by equations (5.8) 

to (5.11) is that although they aH refer to non-linearities and asymmetries, the 

causes are exogenous in equation (5.13) and endogenous in the resto Model (5.13) 

is basicaHy linear, leaving linearity only in moments of changes in the exogenous 

variable et. Another possibility appointed by Granger and Lee (1991) once one 

knows there are struetural changes at kllown times (as it would be the case) could 

be to include them in the model using appropiate zero-one dummy variables. The 

approach taken in this article aHows us to represent the struetural break situation 

by means of changes in RPE giving us a plausible interpretation for the behaviour of 

investment in those years. The approach taken by Burgess (1989, 1990) represented 

by equation (5.12) picks this idea. It does not affect the long-run relationship of 

the variables, but how t::./t reacts to deviation from the long runo In faet, the factor 

A(et) in (5.12) is a restrieted version of our equation (5.1:3) when A(et) also affeets 

in lt-l' 
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6 Concluding Remarks 

This papel' evaluates the empirical model for invE'stment in Spain developed by 

Andrés et al. (1990) and designes an improved specification. Two potential prob

lems were deteeted, the first was the long-run elasticity between investment and 

production, which happened to be greater than unity. The second had to do with 

the oscillant behaviour of the dynamic filter of the explanatory variables. The first 

consideration has a potential explanation consistent with the characteristics of the 

sample period considered because in that time in Spain a strong process of capital 

acculllulation was ocurrillg. But the second could show a problem of an unbalanced 

equation and sugested that a potential omitted variable should be considered in the 

model. 

This omitted variable seems related to chang~s on future expectations and can 

be approximated by the relative price of energy. The infiuence of this variable is 

not significative when introduced in a linear way with constantparameters during 

the whole sample period, but it is important in the moments of the energy crises, 

lllodifying the elasticity of GDP with the investmellt. The alternative equation 

modelizes the relationship between investment and GDP as a function of relative 

prices of energy, producing a nonconstant parameter lllodel only in the llloment of 

the energy crises. So it is obtained that, as abrupt changes on these prices refer to 

bigger uncertainty into the future, the elasticities are sensible to variations in future 

expectations. 

Also the long-run rela,tionship of the invE'stment and GDP is affected by the 

changes on the relative prices of energy. The model proposed introduces a nonlin

ear error-correction scheme, which shows how the linearity of the equation can be 

affected by exogenous variables to the lllodel infiuencing strollgly only in specific 

mOlllcnts of time. 

19 



References 

[1]� Andrés, J.; Escribano, A.; Molinas, C. y Taguas, D. (1990). "La Inversión 

en España: Econometría con restricciones de desequilibrio" A ntoni Bosch, 

editor. Instituto de Estudios Fiscales 

[2]� Burgess, S.M. (1992), "Nonlinear dynalllics in a Structural Model of Em

ploymelit", Journal of Applied Econometrics, vol. 7, pp. S101-SU8. 

[3]� Burgess, S.M., A. Escribano and G.A. Pfann (199:3) "Asymmetric and Time

Varying Error-Correction: An application to Labour Demand in the U.K.". 

Working Paper 93-31. Statistics and Econollletrics Series 22. Universidad 

Carlos III de Madrid. 

[4]� Escribano, A. (1986) "Identification and Modelling of Econolllic Relation

ships in a Growing EconolllY", Ph.D. Dissertation, Depa1'tment of Eco

nomics, University of California, San Diego. 

[5]� Escribano, A: ancl G.A. Pfann (1990) "Nonlinear Errol'-Correction Asym

metric Adjustment and Cointegration" Paper p1'escnted at the Conference of 

Nonlinear Dynamic, University of California, Los Angeles, 1991. 

[6]� Espasa, A. (1989) "The estilllation of trends with breaking poillts in their 

l'ate of growth: the case of Spanish GDP". R.P. Mentz et al. (eds.) Statis

tical lVIethods fol' Cyclical ancl Seasonal Analysis, Intel'alllel'ican Statistical 

Institute, Panamá. 

[7]� Espasa, A.; y Cancelo, J. R. (199:3) Métodos Cuantitativos para el Análisis 

de la Coyuntura Económica, Alianza Editorial 

[8]� Granger, C.W.J. (1990) Modelling Economic Series, Oxford University Pl'ess. 

20 



[9]� Granger, C.W.J. and T.R. Lee (1989) "Investigation oí Produetion, Sales, 

and Inventory Relationships Using Multicointegration and Non-Symmetric 

Error-Coreection Models". Journal 01 Applicd Economeirics 4, SI45-S159. 

[10]� Granger, C.W.J. and T.R. Lee (1991) "An Introduction to Time-Varying 

Parameter Cointegratioll". Rackl and Westlund, pp. 139-157. 

[11]� Rendry, D.F. and N.R. Ericsson (1991) "An Econometrics Analysis oí U.K. 

Money Demand in Monetary Trends in the U.S. and In U.K. by Milton 

Friedman and Anna Schwartz". American Economic Review 81, 9-38. 

[12]� Perron, P. (1989) "The Great Crash, the üil Price Shock, and the Unit Root 

Hypothesis". Economcirica vol. 57, num. 6, pp. 1361-1401. 

21� 



--
--
--
--

--
--
-- --
-- --
--
--

--
--

--
--

Variable 

ete 

1(-1) 

1(-2) 

GDP(-I) 

GDP(-2) 

GDP(-3) 

aCU 

(C/P)(-I) 

(C/P)(-2) 

a2
1r 

Residual 

PARAMETERS BOTH MODELS 

Equation (1.12) 

-2.39 
(-4.2) 

0.56 
(5.7) 

-0.27 
(-0.4) 

2.44 
(11.1) 

-1.65 
(-10.2) 

2.24 
(9.7) 

-1.52 
(-9.8) 

0.57 
(3.1) 

-0.85 
(-5.2) 

White Noise 

Table 1 

Equation (3.5) 

-5.81 
(-9.0) 

2.32 
(23.0) 

-0.OO4RPEt_1� 

(-10.3)� 

-0.OO4RPEt_2� 

(-10.3)� • 

-1.05 
(-10.0) 

-0.OO4RPEt_3� 

(-10.3)� 

1.02 
(3.8) 

-0.83 
(-8.4) 

-0.27 
(-2.0) 

1/(1 +0.78L2
)� 

(-4.8)� 

-_._-_._-_._- ---¡------------------------



Graph 1 

Dynamic relationship between Investment and� 

the rest of explanatory variables in the model (1.12)� 

v(L) function� 

GOP CU� 

3,-------------------,3 2,5r-------------------,2,5� 

2 2� 

',5 ',5� 

0,5 0,5 

o o o o 

-0,5 -0,5-, ., 
., ., 

·2 -2 ·',5 ",5, ,3 6 7 8 9 2 3 6 8 9'0 '0 

(CIP) Inllation 

0,5 0,5 

o o 
0,5 0,5 

-0,5 -0,5 

o o 
-1 -, 

-0,5 -0,5 
",5 ",5 

-2 -2 ., .,, 3 5 6 7 8 9 '0 , 3 5 6 7 8 9 10 

I� 
I 

I 

1, 



R
esiduals frem

 the original m
odel e

f A
ndrés et al. (1990) 

G
raph 2 

and the alternative ene 
• 

0,06 I 
10,06 

0,04 
0,04 

0,02 
0,02 

.. 

I
/
'
\
.
 

. 
I 

.
.
\
 

,1
 

.. 
1 

1
-:--\', 

, 
I° 

7
" 

l
·
 

. 
_
•
•
 

l. 
\

lO
 

•

°
. 

..
. .

-o
,02 

. 
-0,02 

-0,04 
-o

, 04 

-
O

rig
in

a
l 

. -
A

lte
rn

a
tive

 

-0,06
I 

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I 
1-0

,06 
6

4
6

5
6

6
6

7
6

8
6

9
7

0
7

1
 7

2
7

3
7

4
 75 76 7

7
 78 79 80 81 8

2
8

3
8

4
8

5
8

6
8

7
8

8
 



Graph 3� 

Contribution on Investment of 

the explanatory variables in model (1.12) 

GOP 
CU 

0,08 
17 

0,2
15,3 

0,06 

0,1 0,0415,1 

0,02 

d6,6 
C

O 

16,8 

14,9 ~ o i 
·COg .~ 

~ 1 ~ 

i 
5

Ó 
-o,02i~ 15 

u 
<16,4 14,7 Ó 

-0,1 -0,04 

-0,06� 
16,2� 14,5 

-0,2 ·0,08 

_ ConU'Oullón •• O"Oln,1 V - ConlnblJIIOn •• Orlglnel V 
0 114166'-4~6"'5-:'66L6-'7=-6::':8-6.L9-7LO-'7Ll-:'72-7::':3-7::':4-7.1.5-7L6-:'77'--::'78::-7::':9L8-0-8-1-8-2-83-8-4-8-5-8-6-8-7.J ,3 64 6566 6768 6970 71 72 73 74 75 76 7778 79 80 81 8283 8485 86 87 88 ,88 

(C/P) Inllallon 

0.05 0,25 0,15 0,15 

O 
0,2 0,1 0,1 

-0,05 . . 
i -0,1 " 0,15 ¡ 

·C 
! 0,05 • • 0,05 ! 

j ~ i . . ~ 
~ 11, 15 11 
':;-0.15 0,1 g U O1-_+__-+!.-..,.._.,.................l--jL....l.__.-_......~--1o .t� 

-0,2 ., 0,05 -0,05 ·0,05 
-0,25 " .. 
• 3 O 

646566676869707172 73 74 75 76 7778 79808182838485868788 -0,1646566676869707172 73 74757677 78 798081 82838485868788-0,1 



Graph 4 

Contribution on Investment of the 

explanatory variables in model (3.5) 

CUGDP 

0,0815,2 0,0819,3 

" 
, , , . 0,06� 0,06 

15 
0,04 

19.1 0,04 

0,02 0,02 :¡;
. 

c 18,9 14,81 ,~: 
~~	 ~ il Oe

c� '2 
¡;
:¡ 

O 1lo 

'&o u 
.:: 18,7 14,6 C5� -0,02 -0,02 C5 

-0,04 -0,04 

18,5 14,4 

-0,06 -0,06 

-ConlftDVflon •• 0"01" 11 -� ConU'Dllllon OnO,"I'Oo

18.3 1-JL..J...........L--'-...L-L...L-I-JL...1-'--'-..J.....J.....L- --l 14,2 -0,08 -0,08 
64656667686970717273 74 75 76 77 78 79 80 81 82838485868788 646566676869707172737475767778798081828384858687 8a 

(C/P)� Inf1ation 

0,2� 0,1o� 0,1 

0,15� 0,05-0,05� 0,05 ... 
'. 

c . st 
~ . .. i

'cJl ! 
~ -0,1� 0,1 ~ O O1!� 

~ 

:¡� c '. 1·i o u� 'c U 'c o� " o 

..� , , , 
-0,15� 0,05 -0,05 ., -0,05.. ..� , 

,
"� ".. 

- CO"trtDUlI'3n .... Ollgln.' 

-0,2 O� 0 
64656667686970717273 74 75 76 n 78 79808182 83 84 85 86 87 88 -0,16465666768697071 7273 74 75 76 77 78 79 80 81828384858687 8S ,l 



19 

GDP Contributions on .Investment in the Graph 5 
original and alternative models 

19,4 ....-----------------------------, 17� 

19,2 16,8� 

16,6 

18,8 16,4 

18,6 16,2 

- Cont. alter.• - Contr. orig. 

184 16 
, 6465666768697071 72737475767778798081 82838485868788 . 



Decomposition of GDP Contribution on Investment in the Graph 6 
alternative model . 

19,4 19,4 

Linear 
Contribution 

19,2 19,2 

19 

18,8 

.... . .. 
.. 

Total 
Contribution 

.... 

, 

19 

18,8 

18,6 18,6 

- (2.3 -1.1L2)L Y •• Total 

184 18,4
'64656667686970717273747576777879808182838485868788 

Nonlinear Part 

°l----======~~---------::--_O 

-0,05 -0,05 

-0,1 -0,1 

-0,15 -0,15 

-0,2 -0,2 

-0,25 -0,25 

- [-O.004L(1 +L+L2)PRM E)Y 

-0,3 -0,3 
6465666768697071 72737475767778798081 82838485868788 



Log of GOP and Log of I Graph 7 
Original Series 

15,4 r--,.....----r------,-----r-----r----, 13,4 

15,2 .. .' 13,2. . . .� 
15 13 

14,8 12,8 
a. o 
el 

14,6 12,6 

14,4 12,4 

14,2 12,2 

14 12 
64656667686970717273747576777879808182838485868788 

Log of I Log of I 
Flrst dlllerence Second dlnerence 

0,4 r-..----.,----...,.---...,..----,--...,O,4 
.. 

0,2 0,2 

0,2 0,2 

o1-+---+---lH-+......--f--Por--Trr""r-t-+-tt--'--j o 

·0,2 -0,2 

6465666768697071727374757677 78 79 80 8182 8384 858687 88 ·0,4 6465666768697071727374757677 78 79 80 8182838485868788 .0,4 

Log of GDP Log of GDP
Flrst dillerence Second dillerence 

0,12 0,12 0,04 0,04 

0,1 0,1 

0,02 0,02 

0,08 

0,06 o o 

0,04 
-0,02 -0,02 

0,02 

-0,04 -0,04 
o 

·0.02 6465666768697071 727374757677 7879808182838485868788 -0,02 -O~ -O~ 
, 6465666768697071727374757677 78 7980818283 84 85 86 87 88 



Log of RPE Graph 8 
• Original Series 

1,5 1,5 

0,5 0,5 

o I--+_----=:~---=::::=...+L-~::::l_-+_---__+----+_--_l O 

6465666766697071 727374757677 76 79 60 61 62636465666766 

Flrst dirference 

0,5 0,5 

.' 
~,5 -0,5 

·1 ·1 
64.65666766697071 727374757677 76 79 60 61 62636465666766 

Second difference 

0,5 0,5 

O'-+-7"'!::..-~....--:~-\----I:--H-I--\--+--1--\---A,--+_--+---1 O 

~,5 -0,5 

·1 -1� 
6465666766697071 727374757677 76 79 6061 62636465666766� 




